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One  Pound.    They  are  eligible  to  all  the  Offices  of  the  Association. 

Associates  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 
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Xviii  RULES  OF  THE  ASSOCIATION. 

The  Association  consists  of  the  following  classes : — 

1.  life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Founds  as  a  composition. 

2.  life  Members  who  in  1846,  or  in  subsequent  years,  have  paid -on  ad- 
mission Ten  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  subject  to  the 
payment  of  One  Pound  annually.  [May  resume  their  Membership  after  in- 
termission of  Annual  Payment'] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the  pay- 
ment of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each  following 
year.  [May  resume  their  Membership  after  intermission  of  Annual  Pay- 
ment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Reports,  gratis,  or  to  purchase  it  at  reduced  (or  Members')  price, 
according  to  the  following  specification,  viz. : — 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845,  a 
further  sum  of  Five  Pounds. 

New  life  Members  who  have  paid  Ten  Pounds  as  a  compo- 
sition. 

Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Members9  Prices,  viz.  two-thirds  of  the  Publication 

Price. — Old  life  Members  who  have  paid  Five  Pounds  as  a 
composition  for  Annual  Payments,  but  no  further  sum  as  a 
Book  Subscription. 

Annual  Members  who  have  intermitted  their  Annual  Subscrip- 
tion. 

Associates  for  the  year.  [Privilege  confined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  first  seventeen  volumes  of  Transactions  of  the  Associa- 
tion, and  of  which  more  than  100  copies  remain,  at  one-third  of 
the  Publication  Price.  Application  to  be  made  (by  letter)  to 
Messrs.  Taylor  &  Francis,  Bed  lion  Court,  Fleet  St.,  London. 
.    Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

MEETINGS. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The  place 
of  each  Meeting  shall  be  appointed  by  the  General  Committee  at  the  pre- 
vious Meeting ;  and  the  Arrangements  for  it  shall  be  entrusted  to  the  Officers 
of  the  Association. 

GENERAL  COMMITTEE. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons : — 

1.  Presidents  and  Officers  for  the  present  and  preceding  years,  with 
authors  of  Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  have  communicated  any  Paper  to  a  Philosophical  Society, 
sh  has  been  printed  in  its  Transactions,  and  which  relates  to  such  subjects 

taken  into  consideration  at  the  Sectional  Meetings  of  the  Association. 
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3.  Office-bearers  for  the  time  being,  or  Delegates,  altogether  not  exceed- 
ing three  in  number,  from  any  Philosophical  Society  publishing  Transactions. 

4.  Office-bearers  for  the  time  being,  or  Delegates,  not  exceeding  three, 
from  Philosophical  Institutions  established  in  the  place  of  Meeting,  or  in  any 
place  where  the  Association  has  formerly  met. 

5.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and  who 
are  specially  nominated  in  writing  for  the  Meeting  of  the  year  by  the  Presi- 
dent and  General  Secretaries. 

6.  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  Sections  are 
tx-officio  members  of  the  General  Committee  for  the  time  being, 

SECTIONAL  COMMITTEES. 

The  General  Committee  shall  appoint,  at  each  Meeting,  Committees,  con- 
sisting severally  of  the  Members  most  conversant  with  the  several  branches 
of  Science,  to  advise  together  for  the  advancement  thereof. 

The  Committees  shall  report  what  subjects  of  investigation  they  would 
particularly  recommend  to  be  prosecuted  during  the  ensuing  year,  and 
brought  under  consideration  at  the  next  Meeting. 

The  Committees  shall  recommend  Reports  on  the  state  and  progress  of 
particular  Sciences,  to  be  drawn  up  from  time  to  time  by  competent  persons, 
for  the  information  of  the  Annual  Meetings. 

COMMITTEE  OF  RECOMMENDATIONS. 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee,  which 
shall  receive  and  consider  the  Recommendations  of  the  Sectional  Committees, 
and  report  to  the  General  Committee  the  measures  which  they  would  advise 
to  be  adopted  for  the  advancement  of  Science. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects,  shall  be  submitted  to  the  Com- 
mittee of  Recommendations,  and  not  taken  into  consideration  by  the  General 
Committee,  unless  previously  recommended  by  the  Committee  of  Recom- 
mendations. 

LOCAL  COMMITTEES. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association  to 
assist  in  making  arrangements  for  the  Meetings. 

Local  Committees  shall  have  the  power  of  adding  to  their  numbera  those 
Members  of  the  Association  whose  assistance  they  may  desire. 

OFFICERS. 

A.  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries,  and  a 
Treasurer,  shall  be  annually  appointed  by  the  General  Committee, 

COUNCIL. 

In  the  intervals  of  the  Meetings,  the  affairs  of  the  Association  shall  be 
managed  by  a  Council  appointed  by  the  General  Committee.  The  Council 
may  also  assemble  for  the  despatch  of  business  during  the  week  of  the 
Meeting. 

FAPEBS  AND  COMMUNICATIONS. 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to  reserve 
his  right  of  property  therein. 

ACCOUNTS. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
appointed  by  the  Meeting.  . 
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II.  Table  showing  the  Names  of  Members  of  the  British  Association  who 
have  served  on  the  Council  in  former  years. 


Aberdeen,  Earl  of,  LL.D.,  KG.,  K.T., 
F.R.S.  (deceased). 

Acland,  Sir  T.  D.,  Bart.,M.A,D.C.L.,F.R.S. 

Acland,  Professor  H.  W.,  MD.,  F.R.S. 

Adams,  Prof.  J.  Couch,  M.  A,  D.CX.,  F.R.S. 

AcUunaon,  John,  Esq.,  F.L.S. 

Adderley,  The  Bight  Hon.  C.B.,  M.P. 

Ainalie,  Rev.  Gilbert,  D.D.,  Master  of  Pem- 
broke Hail,  Cambridge. 

Airy,G.  B.,M  A.,  D.C.L.,  F.R.S.,  Astr.  Royal. 

Alison,  ProfessorW.P.,M.D.,F.RS.E.(dec*). 

Allen,  W.  J.  C,  Esq. 

Anderson,  Prof.  Thomas,  M.D. 

Ansted,  Professor  D.  T.,  M.A,  F.R.S. 

Argyll,  G.  Douglas,  Duke  of,  F.R.S.  L.  &  E. 

Armstrong,  Sir  W.  G.,  F.R.S. 

Arnott,  Neil  M.D.,  F.R.S. 

Aahburton,  William  Bingham,  Lord,  D.C.L. 
(deceased). 

Atkinson,  Rt.  Hon.  R.,  late  Lord  Mayor  of 
Dublin. 

Babbage,  Charles,  Esq.,  MA,  FJL8. 

Babington,  Professor  C.  C,  MA.,  F.R.S. 

Baily,  Francis,  Esq.,  F.R.S.  (deceased). 

Baines,  Rt  Hon.  M  T.,  M.A,  M.P.  (dec*). 

Baker,  Thomas  Barwick  Lloyd,  Esq. 

Balfour,  Professor  John  H.,  M.D.,  F.R.S. 

Barker,  George,  Esq.,  F.R.S.  (deceased). 

Bath,  The  Most  Noble  the  Marquis  of. 

Bath,  The  Venerable  the  Archdeacon  of. 

Beamish,  Richard,  Esq.,  F.R.S. 

Beechey,  Rear- Admiral,  F.R.S.  (deceased). 

Bell,  Isaac  Lowthian,  Esq. 

Bell,  Professor  Thomas,  V.P.L.S.,  F.R.S. 

Belper,  Lord,  D.C.L.,  F.R.S.,  F.G.S. 

Bengough,  George,  Esq. 

Bentham,  George,  Esq.,  Pree.L.S. 

Biddell,  George  Arthur,  Esq. 

Bigge,  Charles,  Esq. 

Blakiston,  Peyton,  M.D.,  F.R.S. 

Boileau,  Sir  John  P.,  Bart.,  F.R.S. 

Boyle,  Right  Hon.  D.,  Lord  Justice-General 
(deceased). 

Boyle,  Rev.  G.  D.,  MA. 

BradyTheRt.  Hon.  Maziere,  M.R.I.A.,  Lord 
Chancellor  of  Ireland. 

Brand,  William,  Esq. 

Breadalbane,  John,  Marquis  of,  KT.,  F.R.S. 
(deceased). 

Brewster,  Sir  David,  K.H.,  D.C.L.,  LL.D., 
F.R.S.  L.  &  E.,  Principal  of  the  Uni- 
versity of  Edinburgh. 

Brisbane,  General  Sir  Thomas  M.,  Bart., 
K.C.B.,  G.C.H.,  D.C.L.,  F.R.S.  (dec*). 

Brodie,  Sir  B.  C,  Bart.,  D.C.L.,  P.R.S. 
(deceased). 


Brooke,  Charles,  B.A.,  F.R.S. 
Brown,  Robert,  D.C.L.,  F.R.S.  (deceased). 
Brunei  Sir  M.  I.,  F.R.S.  (deceased). 
Buckland,  Very  Rev.  William,  D.D.,  F.R.S., 

Dean  of  Westminster  (deceased). 
Bute,  John,  Marquis  of,  KT.  (deceased). 
Carlisle,  G.  W.  Fred.,  Earl  of,  F.R.S.  (dec-). 
Carson,  Rev.  Joseph,  F.T.C.D. 
Cathcart,  Lt.-Gen.,  Earl  of,  KO.B,  F.R.S.E. 

(deceased). 
ChaUu,  Rev.  J.,  M.A.,  F.ILfl. 
Chalmers,  Rev.  T.,  D.D.  (deoeased). 
Chamberlain,  John  Henry,  Esq. 
Chance,  James,  Esq. 
Chance,  J.  T.,  Esq. 
Chester,  John  Graham,  D.D.,  Lord  Bishop  of 

(deceased). 
Chevallier,  Rev.  Temple,  B.D.,  F.R.AS. 
Christie,  Professor  S.  H.,  M.A,  F.R.S.  (decd). 
Clapham,  R.  C,  Esq. 
Clare,  Peter,  Esq.,  F.R.A.S.  (deoeased). 
Clark,  Rev,  Prof.,  M.D.,  F.R.S.  (Cambridge.) 
Clark,  Henry,  M.D. 
Clark,  G.  T.,  Esq. 
Clear,  William,  Esq.  (deceased). 
Clerke,  Major  S.,  K.H.,  R.E.,  F.R.S.  (dec*). 
Clift,  William,  Esq.,  F.R.S.  (deceased). 
Close,  Very  Rev.  F.,  M.A.,  Dean  of  Carlisle. 
Close,  Thomas,  Esq. 
Cobbold,  John  Chevalier,  Esq.,  M.P. 
Colquhoun,  J.  C,  Esq.,  M.P.  (deoeased). 
Conybeare,  Very  Rev.  W.  D.,  Dean  of  Llan- 

daff  (deceased). 
Cooper,  Sir  Henry,  M.D. 
Cork  and  Orrery,  The  Rt.  Hon.  the  Earl  of. 

Lord-lieutenant  of  Somersetshire. 
Corrie,  John,  Esq.,  F.R.S.  (deceased). 
Crum,  Walter,  Esq.,  F.R.S. 
Currie,  William  Wallace,  Esq.  (deceased). 
Dalton,  John,  D.C.L.,  F.R.S.  (deceased). 
Daniell,  Professor  J.  F.,  F.R.S.  (deceased). 
Darbishire,  R.  D.,  Esq.,  B.A.,  F.G.S. 
Dartmouth,  William,  Earl  of,  D.C.L.,  F.RJ3. 
Darwin,  Charles,  Esq.,  M.A,  FJLS. 
Daubeny,  Prof.  C.  G.  B.,  MD.,LL.D.,  F.R.S. 
Davis,  C.  E.,  Esq.,  F.S.A. 
DelaBeche,  Sir  K.  T.f  C.B.,  F.R.S.,  Director- 
Gen.  Geol.  Surv.  United  Kingdom  (dec4). 
Do  la  Rue,  Warren,  Ph.D.,  F.R.S. 
Denison,  The  Rt.  Hon.  M.P. 
Derby,  Earl  of,  D.C.L.,  Chancellor  of  the 

University  of  Oxford. 
Devonshire,  W,Duke  of,  M.A  J>.C.L.,F.R.S. 
Dickinson,  Francis  H.,  Esq. 
Dickinson,  Joseph,  M.D.,  F.R.S. 
Dillwyn,  Lewis  W.,  Esq.,  F.R.S.  (deceased). 
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Donlrin,  Professor  W.  F.,  Mi.,  F.BS. 
Driakwater,  J.  £.,  Em.  (deceased). 
Ikicis,  The  JSarl  of;  F JELS. 
Dudley,  Hie  Bight  Hon.  the  Karl  of. 
DonnrvD,  The  Earl  o£  F.B.S. 
K^*ton>8irP.delLGr«y1Bart>M.PMPJL8. 
Siot,  Lord,  M.P. 

ITJUaimiMi  Francis,  Earl  of,  F.G.S.  (dec*1). 
a*—**™—,  William,  Earl  of,  D.O.L.,  F.BS. 
Eetoouxt,  T.  a.  B.,  D.C.L.  (deceased). 
Evana,  The  Bar.  Charles,  M.A. 
Fairbairn,  William,  LL.D,  C.E.,  P.BS. 
Faraday,  Professor,  D.C.L.,  F.BS. 
Ferrers,  Bev.  N.  M.,  MA 
FiUBoy,  Bear-Admiral,  F.B.S.  (deoeased). 
FitswiUiain,  The  Earl,  D.C.L.,  PB.S.  (dee-). 
Fleming,  W.,  M  J). 
Fletcher,  Bell,  M.D. 

Foot*,  Londy  E.,  Esq. 

Forbes,  Charles,  Esq.  (deceased). 

Forbes,  Prof.  Edward,  F.B&  (deceased). 

Forbes,Prof.  J.  D.,  LL.D.,  F.BS.,8ea  BSJL, 
Principal  of  University  of  St  Andrews. 

Fox,  Bobert  Were,  Esq.,  F.R.8. 

Frost,  Charles,  F.SA 

Fuller,  Professor,  Ml 

Galton,  Francis,  F.BS.,  F.G.S. 

Gassiot,  John  P.,  Esq.,  F.BS. 

Gilbert,  Davies,  D.C.L.,  F.R.8.  (deceased). 

Gladstone,  J.  H.,  Ph.D,  F.B.S. 

Goodwin,  The  Very  Bev.  H.,  D.D.,  Dean  of 
Ely. 

Gourtie,  William,  Esq.  (deceased). 

Graham,  T.,  MA,  D.C.L,  F.BS.,  Master  of 
the  Mint 

Gray,  John  E.,  Esq.,  Ph.D.,  F.B.S. 

Gray,  Jonathan,  Esq.  (deceased). 

Gray,  William,  Esq.,  F.G.S. 

Green,  Prof  Joseph  Henry,  D.C.L.,  F.B8. 
(deceased). 

Greenough,  G.  B.,  Esq.,  RRil.  (deceased). 

Griffith,  George,  MA,  F.C.S. 

Griffith,  Sir  B  Griffith,  Bt,  LL.D.,  M.BI  A 

Grove,  W.  B,  Esq.,  MA.,  F.BS. 

Hallam,  Henry,  Esq.,  MA,  F.BS.  (dec*). 

Hamilton,  W.  J.,  Esq.,  F.BS.,  F.G.S.  (dec4) 

nVmiHrm,  Sir  Wan.  B,  LL.D,  Astronomer 
Boyal  of  Ireland,  M.EMA,  F.BA.S, 
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Tr«i#>ftAt  w.  Neilson,  LL.D. 

Haroourt,  Ber.  Wm.  Vernon,  MA,  F.B8. 

Hardwioke,  Charles  Philip,  Earl  of,  F.BS. 

Harford,  J.  &,  D.C.L.,  F.B&  (deceased). 

Harris,  Sir  W.  Snow,  F.B8.  (deceased). 

Harrowby,  The  Earl  of,  F.B& 

HatftOd,  Wflbam,  Esq.,  F.G.&  (deceased). 

Henry,  W.  C,  M.D.,  F.BS. 

Henry,  Ber.  P.  8.,  D.D.,  President  of  Queen's 

Colkn,  Ballast. 
Henslow,  Ber.  Professor,  MJL,  F.L.S.  (dec*). 
Herbert,  Hon.  and  Very  Ber.  Wm.,  L.L.D., 

F.L&,  Dean  of  Manchester  (dec-). 
Hereford,  The  Very  Ber.  the  Dean  of  (dec4). 
Herschel  Sir  John  F,W„  Bart,  MA.,  D.C.L., 

F.BS. 


Heywood,    Sir   Benjamin,    Bart,    F.B.S. 

(deceased). 
Heywood,  James,  Esq.,  F.BS. 
Hill,  Bev.  Edward,  MA,  F.G.S. 
Hincks,  Ber.  Edward,  D.D.,  M.B.IJL  (dec1). 
Hinoks,  Ber.  Thomas,  B  A 
Hinds,  John  Russell,  Esq.,  F.B.S. 
Hinds,  S.,  D.D.,  late  Lord  Bishop  of  Norwich 

(deceased). 
Hodgkin,  Thomas,  M.D. 
Hodgkinson,  Professor  Eaton,  F.B.S.  (dec4). 
Hodgson,  Joseph,  Esq.,  F.B.S. 
Hogg,  John,  Esq.,  MA,  F.L.S. 
Hooker,  Joseph,  M.D,  F.BS. 
Hooker,  Sir    William   J.,  LL.D.,  F.BS. 

(deceased). 
Hope,  Ber.  F.  W.,  MA,  F.BS.  (deceased). 
Hopkins,  William,  Esq.,  MA,  LL.D,  F.B.S. 

(deceased). 
Horner,  Leonard,  Esq.,  FB.S.  (deceased). 
Houghton,  Lord,  D.C.L. 
Hovenden,  V.  F.,  Esq.,  MA 
Hugall,  J.  W.,  Esq. 
Hunt,  Aug.  H.,  Esq.,  B.A,  PhJ). 
Hutton,  Robert,  Esq.,  F.G.S. 
Hutton,  William,  Esq.,  F.G.S.  (deceased). 
Ibbetaon,CaptL.L.Bosoawen,  K.JR.E.,F.G.S. 
Inglis,    Sir   B   H.,   Bart,   D.C.L.,  M.P. 

(deceased). 
Inman,  Thomas,  M.D. 
Jacobs,  Bethel,  Esq. 

Jameson,  Professor  B,  F.B.S.  (deceased). 
Jardine,  Sir  William,  Bart,  F.B8.E. 
JeftVeys,  John  Gwyn,  Esq.,  F.BS. 
Jellett,  Ber.  Professor. 
Jenyns,  Ber.  Leonard,  F.L.S. 
Jerrard,  H.  B.f  Esq. 
Jeune,  The  Bight  Ber.  F.,  D.C.L. 
Johnston,  Bight  Hon.  William,  late  Lord 

Provost  of  Edinburgh. 
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Report  of  the  Council  of  the  British  Association,  presented  to  the 
General  Committee,  Wednesday,  August  22,  1866. 

The  Council  have  the  honour  to  report  as  follows : — 

The  Council  have  received  a  Eeport  from  the  Treasurer  at  each  of  their 
Meetings,  and  a  Report  for  the  year  will  be  presented  to  the  General  Com- 
mittee this  day. 

The  Report  of  the  Parliamentary  Committee  has  been  received  for  pre- 
sentation to  the  General  Committee. 

The  Kew  Committee  have  presented  to  the  Council  a  Report  for  the  year 
1865-66,  which  will  be  laid  before  the  General  Committee  this  day. 

The  Council  have  added  to  the  list  of  Corresponding  Members  the  names 
of  the  following  Foreign  Men  of  Science  who  attended  the  Birmingham 
Meeting,  viz. : — 


Capt.  Belavenetz. 
Geheimrath  von  Dechen. 
M.  Gaudry. 
Prof.  Grube.  . 


Prof.  Kiepert. 
Prof.  F.  Homer. 
Chev.  C.  Negri. 
Prof.  Steenstrup. 


The  Council  recommend  that  the  names  of  Mr.  J.  Hind,  F.R.S.,  and  Mr. 
T.  Close,  be  added  to  the  list  of  Vice-Presidents  of  the  Meeting. 

In  consequence  of  the  resignation  of  Mr.  Hopkins  as  Joint  General  Secre- 
tary, announced  last  year,  the  Council  appointed  a  Committee,  consisting  of 
the  General  Secretaries  and  the  Gentlemen  who  had  formerly  filled  that 
office,  for  the  purpose  of  taking  into  consideration  and  reporting  to  the  Council 
on  the  advisability  of  nominating  a  Joint  General  Secretary.  The  Council 
have  received  the  following  Report,  viz. : — 

«  That  Thomas  Archer  Hirst,  Esq.,  Ph.D.,  F.R.S.,  Professor  of  Mathe- 
thematical  Physics  in  University  College,  London,  be  recommended 
as  highly  qualified  for  Flection  as  Joint  General  Secretary  of  the 
Association." 

The  Council  recommend  that  Mr.  Hirst,  F.R.S.,  be  elected  Joint  General 
Secretary. 

The  Council  have  been  informed  that  invitations  for  future  Meetings  of 
the  Association  have  been  received  from  Dundee,  Norwich,  Plymouth,  and 
Exeter. 

Report  of  the  Kew  Committee  of  the  British  Association  for  the 
Advancement  of  Science  for  1865-66. 

The  Committee  of  the  Kew  Observatory  submit  to  the  Council  of  the  British 
Association  the  following  statement  of  their  proceedings  during  the  past 
year: — 

A  Unifilar  and  Dip  Circle  for  Captain  J.  Belavenetz,  of  the  Russian  Navy, 
Director  of  the  Compass  Observatory  at  Cronstadt,  have  been  verified  at  Kew 
Observatory  and  forwarded  to  Russia. 

Three  Uninlars  and  three  Dip  Circles,  ordered  by  Colonel  Strange  for  the 
Indian  8urvey,  have  been  verified. 

Dr.  Kirk,  who  has  gone  out  to  Zanzibar  on  the  African  coast,  has  received 
instruction  at  Kew  Observatory ;  and  a  Dip  Circle,  a  Unifilar,  and  an  Azimuth 
Compass  have  been  veriied  for  him,  and  await  his  directions. 

In  consequence  of  a  representation  from  Mr.  C.  Chambers,  Acting  Super- 
intendent of  the  Observatory,  Bombay,  a  correspondence  has  taken  place 
between  the  Director  of  the  India  Store  Department  and  the  Chairman  of 

1866.  c 


xxxiv  REPORT — 1866. 

the  Kew  Committee,  the  result  of  which  is  that  the  Committee  have  super- 
intended the  construction  of  an  Anemometer,  a  Dip  Circle,  and  a  Unifilar 
for  the  Bombay  Observatory.  These  instruments  have  been  verified,  and  are 
now  in  the  hands  of  the  India  Board  for  transmission  to  their  destination. 

The  Admiralty  have  ordered  a  Unifilar  and  a  Dip  Circle  for  Captain  Mayne, 
of  Her  Majesty's  ship  '  Nassau,'  who  is  about  to  proceed  to  the  Straits  of 
Magellan  ;  these  instruments  have  been  verified  at  Kew  Observatory,  where 
Captain  Mayne  and  several  of  his  officers  have  likewise  received  instruction 
in  magnetism. 

Dr.  Buys-Ballot  has  ordered  a  Declination  Magnetograph,  which  has  been 
constructed  by  Mr.  Adie,  and  forwarded  to  Utrecht,  where  it  has  safely 
arrived. 

A  set  of  Self-recording  Magnetographs  and  also  a  Barograph  have  been 
ordered  by  the  Stonyhurst  Observatory ;  and  the  Eev.  Walter  Sidgreaves  has 
been  at  the  Observatory  receiving  instruction  in  magnetism.  The  Self- 
recording  Magnetographs  for  Stonyhurst  have  been  verified  and  dispatched 
to  their  destination. 

The  set  of  self-recording  instruments  ordered  by  Mr.  Meldrunx  of  the 
Mauritius  Observatory,  are  at  present  at  Kew ;  Mr.  Meldrum  intends  to  visit 
the  Kew  Observatory  for  the  purpose  of  making  himself  further  acquainted 
with  the  process  of  observing  and  deducing  results  previous  to  his  return 
to  the  Mauritius. 

Mr.  Ellery,  of  Melbourne  Observatory,  has  likewise  ordered  a  set  of  Self- 
recording  magnetographs.  These  have  been  constructed  by  Mr.  Adie,  and 
will  be  taken  to  Kew  for  verification  when  the  set  for  Mauritius  have  been 
removed. 

Professor  Smirnow  (from  Kasan)  has  received  instruction  in  magnetism  at 
the  Observatory. 

The  usual  monthly  absolute  determinations  of  the  magnetic  elements  con- 
tinue to  be  made  by  Mr.  Whipple,  Magnetical  Assistant,  and  the  self-recording 
magnetographs  are  in  constant  operation  as  heretofore,  also  under  Mr.  Whipple, 
who  has  displayed  his  usual  care  and  assiduity  in  the  discharge  of  his  duties. 

The  photographic  department  connected  with  the  self-recording  instru- 
ments is  under  the  charge  of  Mr.  Page,  who  performs  his  duties  very  satis- 
factorily. 

A  stoneware  stove  free  from  iron  has  been  erected  in  the  room  containing 
the  Kew  magnetographs,  and  by  its  means  this  room  has  been  heated  through 
a  range  of  20°  Fahr.,  in  order  to  determine  the  temperature  correction  of  the 
horizontal  and  vertical  force  magnetographs.  The  observations  for  this  pur- 
pose are  being  reduced. 

The  meteorological  work  of  the  Observatory  continues  in  charge  of  Mr. 
Baker,  who  executes  his  duties  very  satisfactorily. 

.  Since  the  Birmingham  Meeting  126  barometers  have  been  verified; 
395  thermometers  have  likewise  been  verified,  and  8  standard  thermometers 
constructed  at  the  Observatory. 

The  Self-recording  Barograph  continues  in  constant  operation ;  and  traces 
in  duplicate  are  obtained,  one  set  of  which  is  regularly  forwarded  to  the 
meteorological  department  of  the  Board  of  Trade. 

An  arrangement  for  a  Self-recording  Thermograph  has  been  devised  by  the 
Superintendent  and  by  Mr.  Beckley,  and,  as  a  preliminary  experiment/gave 
a  very  satisfactory  curve ;  the  instrument  is  now  being  arranged  in  a  suitable 
site. 

The  instruments  used  by  the  late  Mr.  Appold  for  regulating  the  tempera- 
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tare  and  moisture  of  his  apartments  have  been  forwarded  by  the  Royal  Society 
to  the  Kew  Observatory. 

The  Indian  pendulum  observations  are  in  active  progress.  Both  Colonel 
Walker  and  Captain  Basevi  are  in  correspondence  with  the  Observatory  in 
discussing  questions  relating  to  this  work. 

The  Superintendent  has  received  ,£100  from  the  Government  Grant  Com- 
mittee of  the  Royal  Society  for  preliminary  observation  with  Captain  Eater's 
pendulum.  These  preliminary  observations  are  in  progress  under  the  charge 
of  Mr.  Loewy  as  observer,  and  have  the  following  points  in  view : — 

(1)  To  see  by  the  general  agreement  or  non-agreement  of  the  observations 
with  each  other  whether  Captain  Eater's  pendulum  is  still  in  a  state  to  justify 
its  adoption  as  an  instrument  to  give  a  correct  determination  of  the  length  of 
the  seconds'  pendulum. 

(2)  To  determine  the  true  temperature  correction  of  the  pendulum. 

(3)  To  use  Eater's  pendulum,  and  also  the  Royal  Society's  invariable 
pendulum  No.  8,  for  the  purpose  of  determining  a  curve  of  correction  for 
atmospheric  pressure,  from  inch  to  inch,  at  low  pressures. 

The  Superintendent  has  received  .£50  from  the  Government  Grant  Fund 
of  the  Royal  Society,  to  pursue  the  experiments  on  a  rotating  disk. 

The  Kew  Heliograph,  in  charge  of  Mr.  De  la  Rue,  continues  to  be  worked 
in  a  very  satisfactory  manner.  During  the  past  year  282  negatives  have 
been  taken  on  158  days,  and  the  usual  number  of  positives  have  been 
printed  from  them. 

Since  the  last  Meeting  of  the  Association,  the  first  set  of  the  results  ob- 
tained by  this  instrument  have  been  published  at  the  expense  of  Mr.  De  la 
Hue,  under  the  following  title : — "  Researches  on  Solar  Physics,  by  Warren 
De  la  Rue,  B.  Stewart,  and  B.  Loewy ;  first  series ;  On  the  Nature  of  Sun- 
spots." 

The  present  progress  of  the  work  of  reduotion  will  best  be  seen  from  the 
following  letter,  written  by  Mr.  De  la  Rue,  in  answer  to  a  request  made 
through  the  Astronomer  Royal  by  Padre  Secchi,  to  know  what  was  doing  in 
this  country  in  the  subject  of  Heliography. 

"  110  Bunhill  Bow,  August  8th,  1866. 

**  My  dbab  Sib, — In  reference  to  the  extract  from  Padre  Secchi's  letter, 
I  beg  to  supply  the  following  information. 

"  The  pictures  taken  by  means  of  the  Kew  Heliograph  are  all  measured  by 
means  of  my  Micrometer ;  the  positions  of  the  spots  are  then  reduced  to  dis- 
tances in  terms  (fractional  parts)  of  the  sun's  radius,  and  the  angles  of  position 
corrected  for  any  error  in  the  position  of  the  wires. 

"  Pictures  of  the  Pagoda  are  taken  from  time  to  time,  and  the  measure- 
ments of  the  various  galleries  of  the  Pagoda  serve  to  determine  the  optical 
distortion  of  the  Sun's  image,  and  the  corrections  to  be  applied  to  the  Sun- 
pictures. 

"  The  heliocentric  latitudes  and  longitudes  of  the  spots  are  then  calculated. 

"  The  areas  of  the  spots  and  the  penumbra  are  also  measured,  and  the  areas 
corrected  for  perspective  are  tabulated  in  terms  (fractional  parts)  of  the  area 
of  the  sun's  disk. 

"  The  areas  of  the  spots  <fec.  on  all  of  Carrington's  original  pictures  have  re- 
cently been  measured,  and  an  account  of  these  measurements  will  be  shortly 
published. 

"  Padre  Secchi  will  be  able  to  judge,  from  the  foregoing  statement,  whether 
it  will  be  worth  while  to  undertake  the  work  he  proposes. 
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"  The  measurements  obtainable  from  photographs  are  much  more  reliable 
than  those  from  projected  images.  «  J  am> 

"  Yours  very  truly, 
(Signed)  "  Wabken  De  la  Rub." 

.    «  E.  J.  Stone,  Esq." 

The  Association  will  regret  to  learn  the  deaths  of  Dr.  Sabler  and  M.  Gussew, 
in  consequence  of  which  tho  Wilna  Heliograph  iB  not  at  work. 

M.  Smysloif  of  the  Pulkowa  Observatory  has  been  appointed  Director  of  the 
Wilna  Observatory,  by  the  Imperial  Academy  of  Sciences  of  St  Petersburg. 
M.  0.  Strove  having  asked  for  information  respecting  the  working  of  the 
Heliograph,  it  has  been  suggested  to  him  by  the  Kew  Committee  that  it  would 
be  advisable  for  M.  Smysloff  to  visit  the  Kew  Observatory,  to  see  the  instru- 
ment in  operation. 

The  sun-spots  continue  to  be  observed  after  the  method  of  Hofratji  Schwabe, 
of  Dessau,  and  the  valuable  collection  of  drawings  lent  by  this  eminent  ob- 
server remains  at  the  Observatory.  These  have  been  supplemented  by  the 
beautiful  series  of  detailed  drawings  of  spots  made  by  the  Rev.  F.  Howlett, 
which  that  gentleman  has  deposited  at  Kew. 

The  apparatus  for  verifying  sextants  alluded  to  in  the  last  Report  has  now 
been  constructed  by  Mr.  Cooke,  and  is  being  erected  at  the  Observatory. 

About  three-fourths  of  the  region  of  the  solar  spectrum  between  E  and  F 
has  been  mapped  by  the  spectroscope  belonging  to  the  Chairman.  The  spec- 
troscope is  now  in  London,  the  work  appertaining  to  the  staff  at  the  Obser- 
vatory not  permitting  sufficient  time  for  further  observation  with  this  instru- 
ment. 

The  instrument  devised  by  Mr.  Broun  for  the  purpose  of  estimating  the 
magnetic  dip  by  means  of  soft  iron,  remains  at  present  at  the  Observatory, 
awaiting  Mr.  Broun's  return  to  England. 

The  Superintendent  has  received  grants  from  the  Royal  Society  for  special 
experiments ;  and  when  these  are  completed,  an  account  will  be  rendered  to 
that  Society. 

The  Report  of  a  Committee  appointed  to  consider  certain  questions  relating 
to  the  Meteorological  Department  of  the  Board  of  Trade,  and  presented  to 
both  Houses  of  Parliament  by  command  of  Her  Majesty,  has  been  communi- 
cated to  the  Members  of  the  Kew  Committee,  and  has  been  otherwise  widely 
circulated  among  the  meteorologists  of  the  British  Association:  the  object 
of  the  Report  is  expressed  in  the  following  terms  : — 

"  Upon  the  death  of  the  late  Admiral  FitzRoy,  a  correspondence  took 
"  place  between  the  Board  of  Trade  and  the  Royal  Society  with  respect  to 
"  the  Meteorological  Department  of  the  Board  of  Trade.  The  result  of  that 
"  correspondence  was  the  appointment  of  a  Committee,  consisting  of  the  fol- 
"  lowing  gentlemen,  viz.  Francis  Galton,  Esq.,  F.R.S.,  General  Secretary  of  the 
"  British  Association  for  the  Advancement  of  Science,  nominated  by  the  Pre- 
"  sident  and  Council  of  the  Royal  Society ;  Staff  Commander  Evans,  R.N., 
"  F.R.S.,  Chief  Naval  Assistant  to  the  Hydrographer  of  the  Admiralty,  by 
" the  Admiralty;  T.  H.  Farrer,  Esq.,  one  of  the  Secretaries  to  the  Board  of 
"  Trade,  by  the  Board  of  Trade, — to  consider  and  report  upon  the  following 
"  questions : — 

.  "  1.  What  are  the  data,  especially  as  regards  Meteorological  Observations 
"  at  sea,  already  collected  by  and  now  existing  in  the  Meteorological  Depart- 
"  ment  of  the  Board  of  Trade  ? 
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"  2.  Whether  any,  and  what  steps  should  be  taken  for  arranging,  tabula- 
"  ting,  publishing,  or  otherwise  making  use  of  such  data. 

"  3.  Whether  it  is  desirable  to  continue  Meteorological  Observations  at  sea, 
"  and  if  so,  to  what  extent,  and  in  what  manner. 

"  4.  Assuming  that  the  system  of  Weather  Telegraphy  is  to  be  continued, 
"  can  the  mode  of  carrying  it  on  and  publishing  the  results  be  improved? 

"5.  What  staff  will  be  necessary  for  the  above  purposes  ?  " 

The  authors  of  the  Report  arrive  at  the  following  conclusions  in  respect 
to  the  ocean  statistics,  weather  telegraphy,  foretelling  weather,  and  obser- 
vations affecting  weather  in  the  British  Isles. 

"  The  collection  of  observations  from  the  captains  of  ships  is  a  function 
"  which  can  probably  best  be  performed  through  the  medium  of  such  agencies 
"  as  a  Government  Office  can  command,  and  which  was  in  fact  well  performed 
"  hy  the  Meteorological  Department  before  its  attention'  was  devoted  to  the 
"  practice  of  foretelling  weather.  We  assume,  therefore,  fhat  this  function 
"  will  remain  with  the  Board  of  Trade. 

"  The  digesting  and  tabulating  results  of  observations  is,  on  the  other  hand, 
"  a  function  which  requires  a  large  knowledge  of  what  the  state  of  the  science 
"  for  the  time  being  requires,  as  well  as  exact  scientific  method. 

"  This  function  is  one  that  has  not  been  satisfactorily  performed  by  the  Me* 
"  teorological  department.  And  webelieve  that  it  would  be  much  better,  as  well 
"  as  more  economically  performed,  under  the  direction  of  a  scientific  body — 
"  such  as  a  Committee  of  the  Royal  Society,  or  -of  the  British  Association,  if 
"  furnished  with  the  requisite  funds  by  the  Government — than  it  will  be  if 
"  left  to  a  Government  Department.  The  establishment  already  existing  at 
"  Kew  might  probably  be  easily  developed,  so  as  to  carry  into  effect  such  a 
"  purpose.  It  would  in  that  case  become  a  meteorological  centre,  to  which 
"  all  observations  of  value  (by  British  observers),  whether  made  on  land  or 
"  at  sea,  and  whether  within  the  British  Isles  or  not,  would  be  sent  for  dis- 
"  cussion  and  reduction.  We  have  therefore  in  the  following  estimates,  as- 
"  sumed  that  all  meteorological  observations  made  on  land,  whether  at  the 
"  stations  recommended  by  the  Royal  Society,  or  at  the  lighthouses  or  coast 
"  guard  stations,  as  well  as  all  observations  at  sea,  shall  be  referred  to  and 
"  discussed  under  the  direction  of  such  a  scientific  body  as  we  have  men- 
"  tioned ;  and  we  have  also  assumed  that  the  aid  afforded  by  Government 
"  would  be  in  the  shape  of  an  annual  vote,  so  made  as  to  leave  the  Royal 
"  Society,  or  other  scientific  body  charged  with  the  duty,  perfectly  free  in 
"  their  method  and  in  their  choice  of  labour,  but  upon  the  condition  that  an 
"  account  shall  be  rendered  to  Parliament  of  the  money  spent,  and  of  the  re- 
"  suits  effected  in  each  year." 

The  Kew  Committee  have  examined  this  Report,  and,  speaking  in  general 
terms,  they  cordially  acquiesce  in  the  conclusions  of  its  authors*  They  con- 
sider the  proposed  arrangement  to  fall  within  the  competence  of  the  Kew 
Observatory. 

In  the  last  Kew  Report  it  was  stated  that  many  experiments  and  observa- 
tions of  a  nature  to  advance  science  are  made  by  the  Committee  under  the 
sanction  of  the  Association,  the  cost  of  each  being  defrayed  by  the  pro- 
moters. 

The  Committee  consider  that  the  suggested  observations  contained  in  the 
Government  Report  which  has  been  referred  to,  would  be  merely  an  exten- 
sion of  the  usual  practice  of  the  Observatory ;  but  in  consideration  of  the 
magnitude  of  the  work  proposed,  they  suggest  that  the  Council  should  bring 
the  subject  before  the  General  Committee,  with  the  view  of  the  Kew  Com- 
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mittce  being  authorized  to  discuss  and  make  the  necessary  arrangements 
with  the  Board  of  Trade,  should  any  proposal  be  made. 

The  Committee  are  also  desirous  of  bringing  under  the  consideration  of 
the  Council,  the  expediency  of  proceeding  in  the  formation  of  a  memoir  on 
the  periodic  and  non-periodic  variations  of  the  temperature  at  Kew,  as  a  nor- 
mal station  of  British  meteorology.  Similar  works  have  for  some  years  past 
occupied  the  attention  of  the  most  eminent  amongst  the  continental  meteo- 
rologists as  being  in  fact  the  foundation  of  all  scientific  knowledge  of  the 
climatology  of  their  respective  countries.  A  memoir  on  the  periodic  and  non- 
periodic  variations  of  the  temperature  at  the  magnetical  and  meteorological 
observatory  at  Toronto  in  Canada  has  been  printed  in  the  Philosophical 
Transactions  for  1853,  but  no  such  work  has  yet  been  systematically  under- 
taken at  Kew,  although  it  is  quite  in  accordance  with  the  objects  for  which 
the  Observatory  was  instituted,  in  familiarizing  British  meteorologists  with 
a  system  of  tabulation  they  have  hitherto  unduly  neglected.  Daily  photo- 
grams  taken  from  the  thermograph  constructed  under  Mr.  Stewart's  direction 
will  supply  in  the  most  unexceptionable  manner  the  observational  basis  on 
which  the  memoir  would  be  founded. 

To  obtain  such  photograms  would  constitute  a  very  small  addition  to  the 
nuties  of  the  assistant  by  whom  the  daily  photograms  of  the  magnetical  in- 
struments are  taken.  The  tabulation  from  the  daily  photograms  of  the  tem- 
perature would  be  the  only  increase  of  any  moment  to  the  ordinary  present 
work  of  the  observatory,  and  would  require,  possibly,  the  part  services  of  an 
additional  young  assistant. 

The  tabulation  would  supply  twenty-four  equidistant  entries  in  every 
solar  day.  The  tables  containing  these  entries,  together  with  the  Photo- 
grams, after  careful  inspection  by  a  proper  authority,  would  be  preserved  for 
subsequent  use.  Five  or,  at  most,  six  years  would  constitute  quite  a  sufficient 
basis  for  the  determination  of  the  periodic  variations  forming  the  first  part 
of  the  proposed  work,  and  would  require  about  a  couple  of  months  of  super- 
intending care  on  the  part  of  the  person  who  might  be  director  of  the  Obser- 
vatory, when  the  observations  of  the  five  or  six  years  should  have  accumu- 
lated. 

Nothing  more  than  ordinary  clerk's  work  under  such  general  superintend- 
ence would  be  required. 

Should  the  Board  of  Trade  be  disposed  to  avail  itself  of  the  suggestion 
which  has  been  made  to  them  in  respect  to  the  Kew  Observatory,  the  publi- 
cation which  has  been  suggested  would  become  one  of  its  first  important 
duties. 

J.    P.   GA86IOT, 

Chairman. 
Kew  ObeerFatory,  August  17, 1866. 


Oeoeoooeoeooooo 

OOOCOHiO<fiOOcOO) 


«iO00<OO)O00HN«0N 


*»  8  -  S    -    2 


GO 

H 
Z 

S 

2 


<  I 


*i 


S, 


afl     V 
CJ    — ■ 


s 


11:1  n 


•2         £  P      *     *     ft- 

3h    3d    h    rf    ri 


1-4 

00OK) 

•-<•*» 

Oi 

<o 

<©<© 

o» 

SI 

too  00 
CIO  CI 

<4 

^  CI 

CI  1 

g   ~  c  0  3,2 

*    "    V    O)    C    «3 


•qOO  o 


*S§ 


s 


CO 

H 
a* 

3 

Q 
W 


•^  ©  ©  © 
•;  »o  o  o 


S  2    :    : 
•fi>H  ►*   : 

p  °  2    : 


crt 


3  s  «  ^  -3  3  •§ 


*  gi 


fillip 


s-S 


J3ft    2 


:  =1 


«S    o    g    <o 

If  8| 


c 


«    w    o 


3  a.S 


o        o        o         o 
<g        <s        «S        «K 


•5 


s 
8 

§ 

a 

s 
o 


i 

.3 

!§'§ 

w  '.3 

2  8 


c  s 

Ji 

S  s  3  8 

«£E-  *• 
5  2  **  «? 


60 

•I 


1 


w 


U3 


S 


Xl  "  REPORT — 1866. 

Report  of  the  Parliamentary  Committee  to  the  Meeting  of  the  British 
Association  at  Nottingham,  August  1866. 

The  Parliamentary  Committee  have  the  honour  to  report  as  follows : — 

Your  Committee  have  to  express  their  regret  that  another  Session  of  Par- 
liament has  been  allowed  to  pass  away  without  any  step  having  been  taken 
by  the  Legislature  to  promote  the  study  of  science  in  our  great  public  schools. 

In  the  last  Session,  however,  an  Act  was  passed  to  amend  the  Acts  rela- 
ting to  the  Imperial  Standards  of  Weight,  Measure,  and  Capacity. 

The  Act  was  introduced  chiefly  for  the  purpose  of  carrying  out  the  recom- 
mendations of  a  Treasury  Committee,  which  reported  in  1864 ;  and  it  -will 
effect  some  very  useful  reforms  in  the  constitution  of  the  Office  having  the 
custody  of  the  Imperial  Standards,  whereby  the  whole  organization  of  the 
Department  will  be  placed  on  a  more  scientific  basis. 

An  Officer  is  appointed  to  be  called  the  Warden  of  the  Standards  ;  and  due 
provision  is  made  for  the  periodical  comparison  of  the  Imperial  and  Secondary 
Standards,  a  matter  which  had  hitherto  been  very  much  neglected.  A  pro- 
vision is  for  the  first  time  made  for  defining  the  amount  of  error  to  be 
tolerated  in  Secondary  Standards ;  thero  is  also  a  clause  in  which  it  is  stated 
to  be  the  duty  of  the  Warden  "  to  conduct  all  such  comparisons,  verifications, 
and  other  operations  with  reference  to  Standards  of  Length,  Weight,  and 
Capacity,  in  aid  of  scientific  researches,  or  otherwise,  as  the  Board  of  Trade 
from  time  to  time  authorize  or  direct." 

Your  Committee  have  also  to  express  their  regret  that  no  steps  have  as  yet 
been  taken  to  reorganize  the  Meteorological  Department  of  the  Board  of 
Trade,  and  carry  out  the  valuable  suggestions  of  the  Report  of  Mr.  Francis 
Galton  and  his  colleagues,  presented  to  Parliament  during  the  last  Session. 

Tour  Committee  will  not  fail  to  advocate  such  measures  as  may  be  neces- 
sary for  placing  this  Department  on  a  satisfactory  footing.  They  will 
neither  be  unmindful  of  the  part  which  they  took  in  its  original  establish- 
ment, nor  of  the  benefits  which  it  has  already  conferred,  and  which,  if  suc- 
cessfully reorganized,  it  will  continue  to  confer  on  Meteorological  Science. 

In  conclusion,  we  recommend  that  Sir  Henry  Bawlinson  be  elected  a 
Member  of  our  Committee. 

WB0TTE8LET, 

Chairman. 

15th  August,  18G6. 


RECOMMENDATIONS  OF  THE  GENERAL  COMMITTEE.  xli 

Recommendations  adopted  by  the  General  Committee  at  the  Nottingham 
Meeting  in  August  1866. 

[When  Committees  are  appointed,  the  Member  first  named  is  regarded  as  the  Secretary, 
except  there  is  a  specific  nomination.] 

Involving  Grants  of  Money. 

That  the  sum  of  .£600  bo  placed  at  the  disposal  of  the  Council  for  main- 
taining the  Establishment  of  the  Kew  Observatory. 

That  it  would  be  conducive  to  the  interest  of  science  if  opportunity  were 
taken  in  connexion  with  the  Indian  Survey  now  in  progress,  to  establish 
Astronomical  and  Meteorological  Observations  at  a  considerable  height  on  the 
Himalaya ;  that  for  this  purpose  a  powerful  achromatic  telescope  and  other 
instruments,  should  bo  placed  at  the  disposal  of  the  Superintendent  of  the 
Indian  Survey;  and  that  General  Sabine,  President  of  the  Royal  Society, 
Rev.  C.  Pritchard,  President  of  the  Royal  Astronomical  Society,  The  Lord 
Wrottesley,  Professor  Phillips,  Mr.  Dc  la  Rue,  Mr.  Huggins,  and  Mr.  Brooke, 
with  power  to  add  to  their  number,  be  a  Committee  for  the  purpose  of 
furthering  this  object ;  and  that  the  sum  of  £200  be  placed  at  their  disposal 
for  the  purpose. 

That  the  Lunar  Committee  be  reappointed,  and  consist  of  Mr.  J.  Glaisher, 
Lord  Rosse,  Lord  Wrottesley,  Sir  J.  Herschol,  Bart.,  Professor  Phillips,  Rev. 
C.  Pritchard,  Mr.  W.  Huggins,  Mr.  W.  De  la  Rue,  Mr.  C.  Brooke,  Rev.  T.  W. 
Webb,  Mr.  J.  N.  Lockyer,  and  Mr.  W.  R.  Birt;  and  that  the  sum  of  £120 
be  placed  at  their  disposal. 

That  the  Committee  on  Electrical  Standards,  consisting  of  Professor 
Williamson,  Professor  Whcatstone,  Professor  W.  Thomson,  Professor  W.  A. 
Miller,  Dr.  A.  Matthiesscn,  Mr.  Flecming  Jenkin,  Sir  Charles  Bright,  Pro- 
fessor Maxwell,  Mr.  C.  W.  Siemens,  Mr.  Balfour  Stewart,  Dr.  Joule,  and ' 
Mr.  C.  F.  Varley,  be  reappointed,  with  the  addition  of  Mr.  G.  C.  Foster  and 
Mr.  C.  Hockin ;  that  Mr.  Fleeming  Jenkin  be  the  Secretary,  and  that  the 
sum  of  £100  be  placed  at  their  disposal. 

That  the  Committee  for  the  purpose  of  examining  the  late  Dr.  Riimker's 
Astronomical  Observations  in  the  Southern  Hemisphere,  consisting  of  the 
Astronomer  Royal,  Lord  Wrottesley,  Sir  J.  Herschel,  Bart.,  Mr.  W.  De  la  Rue, 
and  Mr.  Glaisher  (with  power  to  add  to  their  number),  be  reappointed;  and 
that  the  grant  of  £150,  which  has  lapsed,  be  renewed. 

That  the  Committee,  consisting  of  Mr.  Glaisher,  Lord  Wrottesley,  Professor 
Phillips,  Mr.  G.  J.  Symons,  Mr.  J.  F.  Bateman,  and  Mr.  R.  W.  Mylne,  be 
reappointed,  for  the  purpose  of  continuing  the  Reports  on  the  Rainfall  of 
the  British  Isles ;  and  that  Mr.  T.  Hawksley  be  added  to  the  Committee ; 
that  Mr.  G.  J.  Symons  be  the  Secretary,  and  that  the  sum  of  £50  be  placed 
at  their  disposal. 

That  the  Balloon  Committee,  consisting  of  Colonel  Sykes,  Mr.  Airy, 
Lord  Wrottesley,  Sir  David  Brewster,  Sir  J.  Herschel,  Bart.,  Dr.  Robinson, 
Mr.  Fairbairn,  Dr.  Tyndall,  Dr.  W.  A.  Miller,  and  Mr.  Glaisher,  be  reap- 
pointed ;  and  that  £50  (remaining  undrawn  of  the  grant  of  £100  made  at 
Birmingham)  be  placed  at  their  disposal. 

That  the  Committee  on  Luminous  Meteors  and  Aerolites,  consisting  of 
Mr.  Glaisher,  Mr.  R.  P.  Greg,  Mr.  E.  W.  Braylcy,  and  Mr.  Alexander 
Herschel,  be  reappointed,  with  the  addition  of  Mr.  C.  Brooke ;   that  Mr. 
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Herschel  be  the  Secretary,  and  that  the  sum  of  £50  be  placed  at  their  dis- 
posal for  the  purpose  of  publishing  the  list  of  radiant-points  already  deter- 
mined. 

That  it  is  desirable  to  take  advantage  of  the  operations  of  the  Palestine 
Exploration  Fund  for  obtaining  connected  Meteorological  Observations  in 
Palestine ;  that  a  sum  of  £50  be  placed  at  the  disposal  of  the  Eew  Committee 
for  providing  the  necessary  instruments ;  and  that  the  following  gentlemen 
be  a  Committee  to  Report  on  the  results :  Mr.  J.  Glaisher,  Lord  Wrottesley, 
Mr.  W.  Bpottiswoode,  and  Mr.  G.  Grove. 

That  the  Committee  for  reporting  on  the  Transmission  of  Sound  under 
Water,  consisting  of  Dr.  Robinson,  Professor  Wheatstone,  Dr.  Gladstone, 
and  Professor  Hennessy,  be  reappointed  (with  power  to  add  to  their  number) ; 
that  Professor  Hennessy  be  the  Secretary ;  and  that  the  sum  of  .£30  be  placed 
at  their  disposal  for  further  experiments. 

That  Messrs.  W.  S.  Mitchell,  H.  Woodward,  and  Mr.  Robert  Etheridge  be 
a  Committee  for  the  purpose  of  continuing  the  investigations  of  the  Alum 
Bay  Leaf-Bed;  and  that  the  sum  of  £25  be  placed  at  their  disposal  for  the 
purpose. 

That  Sir  Charles  Lyell,  Bart.,  Professor  Phillips,  Sir  J.  Lubbock,  Bart., 
Mr.  J.  Evans,  Mr.  E.  Vivian,  Mr.  W.  Pengelly,  and  Mr.  G.  Busk,  be  a  Com- 
mittee for  the  purpose  of  continuing  the  exploration  of  Kent's  Hole,  Torquay ; 
that  Mr.  Pengelly  be  the  Secretary,  and  that  the  sum  of  £100  be  placed  at 
their  disposal  for  the  purpose. 

That  Mr.  W.  S.  Mitchell,  Mr.  Robert  Etheridge,  and  Professor  Morris  be 
a  Committee  for  the  purpose  of  investigating  the  Leaf-beds  of  Bournemouth 
and  Corfe  Castle ;  and  that  the  Fossils  obtained  be  placed  at  the  disposal  of 
the  Curators  of  the  Museum  of  Practical  Geology  for  the  purpose  of  their 
selecting  a  set  for  that  Museum,  and  for  the  British  Museum ;  that  the  sum 
of  £30  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  Busk  be  appointed  to  aid  the  researches  of  Dr.  Leith  Adams  on 
the  Fossil  Elephants  of  Malta ;  and  that  the  sum  of  £50  be  placed  at  his 
disposal  for  the  purpose. 

That  Mr.  C.  Spence  Bate  and  Professor  Phillips  be  a  Committee  for  the 
purpose  of  aiding  Mr.  Henry  Woodward  in  his  Researches  on  the  Fossil 
Crustacea ;  and  that  the  sum  of  £25  be  placed  at  their  disposal  for  the  pur- 
pose. 

That  Dr.  E.  Perceval  Wright  and  Professor  Harkness  be  a  Committee  for 
the  purpose  of  assisting  Mr.  W.  B.  Brownrigg  in  investigating  the  Fossil 
Fauna  of  the  Kilkenny  Coal- Fields ;  and  that  the  sum  of  £25  be  placed  at 
their  disposal  for  the  purpose. 

That  Mr.  Robert  H.  Scott,  Dr.  Hooker,  Mr.  E.  H.  Whymper,  Dr.E.  Perceval 
Wright,  and  Sir  W.  C.  Trevelyan,  Bart.,  bo  a  Committee  for  the  purpose 
of  exploring  the  Plant-beds  of  North  Greenland,  and  that  a  complete  Bet  of 
specimens  be  placed  in  the  British  Museum;  and  that  the  sum  of  £100  bo 
placed  at  their  disposal  for  the  purpose. 

That  Professor  Phillips,  Professor  Huxley,  and  Mr.  H.  G.  Seeley  be  a 
.  Committee  for  the  purpose  of  assisting  in  drawing  lip  a  Report  on  the  pre- 
sent state  of  our  knowledge  of  Secondary  Reptiles,  Pterodactyles,  and  Birds ; 
and  that  the  sum  of  £50  be  placed  at  their  disposal  for  the  purpose. 

That  Mr.  J.  Gwyn  Jeffreys,  Mr.  Edward  Waller,  Professor  Wyville  Thomson, 
.  and  Dr.  E.  Perceval  Wright  be  a  Committee  for  the  purpose  of  exploring  the 
Marine  Fauna  of  the  North-west  coast  of  Ireland  j  and  that  the  sum  of  £25 
be  Dlacc4  at  their  disposal  for  the  purpose. 
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That  Mr.  J.  Gwyn  Jeffreys,  Mr.  R.  McAndrew,  Rev.  A.  Merle  Norman, 
Mr.  C.  W.  Peach,  and  Mr.  R.  Dawson  be  a  Committee  for  the  purpose  of 
exploring  the  west  coast  of  Shetland  by  means  of  the  dredge ;  and  that  the 
sum  of  £75  be  placed  at  their  disposal  for  the  purpose. 

That  Rev.  H.  B.  Tristram,  Sir  John  Lubbock,  Bart.,  and  Mr.  H.  T.  Stainton 
be  a  Committee  for  the  purpose  of  reporting  on  the  Insect  Fauna  of  Palestine ; 
and  that  the  sum  of  £30  be  placed  at  their  disposal  for  the  purpose. 

That  Dr.  E.  Perceval  Wright,  Professor  Newton,  and  Professor  Rolleston 
be  a  Committee  for  the  purpose  of  investigating  the  Flora  and  Fauna  of  the 
coast  of  North  Greenland ;  and  that  the  sum  of  £75  be  placed  at  their  dis- 
posal for  the  purpose.  * 

That  Dr.  B.  W.  Richardson  and  Professor  Humphry  be  a  Committee  for 
the  purpose  of  continuing  the  investigations  on  the  physiological  action  of 
the  Ethyle  and  Methyle  Series ;  and  that  the  sum  of  £25  be  placed  at  their 
disposal  for  the  purpose. 

That  Sir  Charles  Nicholson,  Bart.,  Sir  Roderick  Murchison,  Bart.,  and  Mr. 
Hogg  be  a  Committee  for  the  purpose  of  furthering  the  Palestine  Explore 
tiona ;  that  Mr.  Hogg  be  the  Secretary;  and  that  the  sum  of  £50  be  placed 
at  their  disposal  for  the  purpose. 

That  Sir  John  Bowring,  The  Bight  Hon.  C.  B.  Adderley,  Sir  William 
Armstrong,  Mr.  Samuel  Brown,  Mr.  W.  Ewart,  Dr.  Farr,  Mr.  F.  P.  Fellows, 
The  Right  Hon.  Earl  Fortescue,  Professor  Frankland,  Sir  John  Hay,  Bart., 
Professor  Hennessy,  Mr.  James  Heywood,  Sir  Robert  Kane,  Dr.  Leone  Levi, 
Professor  W.  A.  Miller,  Professor  Rankine,  Mr.  C.  W.  Siemens,  Colonel 
Sykes,  Mr;  W.  Tite,  Professor  W.  A.  Williamson,  Lord  Wrottesley,  Mr. 
James  Yates,  Mr.  Yates  Thompson,  Mr.  Hendrick,  and  Dr.  George  Glover  be 
a  Committee  for  the  purpose  of  diffusing  knowledge  of  the  Decimal  and 
Metric  System  of  Moneys,  Weights,  and  Measures,  and  that  the  same  be 
requested  to  put  themselves  in  communication  with  the  International  Statis- 
cal  Congress  to  be  held  in  Florence,  when  the  adoption  of  a  Common  System 
of  Moneys,  Weights,  and  Measures  is  likely  to  be  discussed ;  that  Professor 
Leone  Levi  be  the  Secretary,  and  that  the  sum  of  £30  be  placed  at  their 
disposal  for  the  purpose. 

That  Mr.  J.  Scott  Russell,  Mr.  T.  Hawksley,  Mr.  J;  R.  Napier,  Mr.  William 
Fairbaim,  and  Professor  W.  J.  M.  Rankine  be  a  Committee  to  analyse  and 
condense  the  information  contained  in  the  Reports  of  the  "  Steam-ship  Per- 
formance "  Committee  and  other  sources  of  information  on  the  same  subject, 
with  power  to  employ  paid  calculators  or  assistants,  if  necessary ;  and  that 
the  sum  of  £100  be  placed  at  their  disposal  for  the  purpose. 

That  the  Committee  on  the  Patent  Laws,  consisting  of  Mr.  Thomas  Web- 
ster, Sir  W.  G.  Armstrong,  Mr.  J.  F.  Bateman,  Mr.  John  Hawkshaw,  Mr.  J. 
Scott  Russell,  Mr.  W.  Fairbairn,  Mr.  John  Bethel,  and  Mr.  P.  Le  Neve 
Foster,  be  reappointed ;  and  that  the  grant  of  £30,  not  drawn,  bo  renewed. 

That  Mr.  Fairbairn  and  Mr.  Tait  bo  a  Committee  for  continuing  experi- 
ments with  a  view  to  test  the  improvements  in  the  manufacture  of  iron  and 
steel ;  and  that  the  sum  of  £25  be  placed  at  their  disposal  for  the  purpose. 

Applications  for  Reports  and  Researches  not  involving  Grants 

of  Money. 
That  the  Rev.  Professor  Harley  be  requested  to  undertake  an  inquiry  into 
the  validity  of  the  method  proposed  by  the  late  Judge  Hargreave  for  the 
resolution  of  Algebraic  Equations,  and  to  report  thereon. 
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That  Dr.  Matthiessen  be  requested  to  continue  his  researches  on  the 
Chemical  Constitution  of  Cast  Iron. 

That  Dr.  Paul  be  requested  to  continue  his  researches  on  the  Application 
of  Chemistry  to  Geology. 

That  Professor  Wanklyn  be  requested  to  continue  his  researches  on  the 
Isomeric  Alcohols. 

That  Mr.  Thomas  Fairley  be  requested  to  continue  his  researches  on 
Polycyanides  of  Organic  Radicals. 

That  Dr.  Baker  Edwards  be  requested  to  continue  his  researches  on  the 
Alkaloidal  Principles  of  the  Calabar  Bean. 

That  Mr.  J.  Gwyn  Jeffreys,  Dr.  Collingwood,  Rev.  H.  H.  Higgins,  Mr. 
Isaac  Byerley,  Dr.  J..  B.  Edwards,  and  Mr.  Thomas  J.  Moore  be  reappointed 
for  the  purpose  of  dredging  the  Estuary  of  the  Mersey. 

That  Mr.  J.  Gwyn  Jeffreys,  Mr.  C.  Spence  Bate,  Mr.  Jonathan  Couch, 
Mr.  C.  Stewart,  Bey.  Thomas  Hincks,  and  Mr.  B.  Howe  be  reappointed  a  Com- 
mittee for  the  purpose  of  investigating  the  Marine  Fauna  and  Flora  of  the 
coasts  of  Devon  and  Cornwall ;  and  that  Mr.  C.  Spence  Bate  be  the  Secretary. 

That  Mr.  J.  Gwyn  Jeffreys,  Dr.  J.  E.  Gray,  Mr.  R.  M'Andrew,  Mr.  C. 
Spence  Bate,  Rev.  A.  Merle  Norman,  Dr.  E.  Perceval  Wright,  and  the  Rev. 
Thomas  Hincks  be  a  Committee  for  the  purpose  of  superintending  the  various 
Committees  appointed  by  the  British  Association  to  dredge  in  the  British  Seas. 

That  the  Committee  on  Scientific  Evidence  in  Courts  of  Law,  consisting 
of  the  Rev.  W.  Y.  Harcourt,  Professor  Williamson,  The  Right  Hon.  J.  Napier, 
Mr.  W.  Tite,  Professor  Christison,  Mr.  Carpmael,  Dr.  Tyndall,  Mr,  James 
Heywood,  Mr.  J.  F.  Bateman,  Mr.  Thomas  Webster,  Sir  Benjamin  Brodie, 
Bart.,  and  Professor  W.  A.  Miller  (with  power  to  add  to  their  number),  be 
reappointed  ;  and  that  Professor  Williamson  be  the  Secretary. 

That  the  Committee  to  arrange  and  analyze  the  Tidal  Observations  which 
have  already  been  made  on  the  coasts  and  estuaries  of  Great  Britain,  and  to 
make  such  further  observations  and  investigations  as  the  Committee  may 
deem  desirable  for  recording  and  exhibiting  Tidal  Phenomena,  be  reappointed, 
and  that  temperature  be  included  in  these  observations ;  such  Committee 
to  consist  of  Mr.  J.  Hawkshaw,  Mr.  J.  F.  Bateman,  Mr.  J.  Oldham,  Mr.  W. 
Parkes,  Mr.  J.  Scott  Russell,  Mr.  T.  Webster,  Mr.  C.  Vignoles,  Sir  J.  Rennie, 
Mr.  W.  Sissons,  Mr.  G.  P.  Bidder,  jun.,  with  Mr.  J.  F.  Iselin  as  Secretary. 

Involving  Application  to  Government. 

That  Sir  Roderick  Murchison,  Bart.,  Lieut. -General  Sabine,  Admiral 
Ommanney,  Admiral  Collinson,  and  Mr.  Markham  be  a  Committee  for  the 
purpose  of  representing  to  Her  Majesty's  Government  the  importance  to 
Science  of  a  further  exploration  of  the  North  Polar  Regions ;  and  that  Mr* 
Markham  be  the  Secretary. 

That  the  Kew  Committee  be  authorized  to  discuss  and  make  the  necessary 
arrangements  with  the  Board  of  Trade,  should  any  proposal  be  made  respecting 
the  superintendence,  reduction,  and  publication  of  Meteorological  Observa- 
tions, in  accordance  with  the  recommendations  of  the  Report  of  the  Com- 
mittee appointed  to  consider  certain  questions  relating  to  the  Meteorological 
Department  of  the  Board  of  Trade. 

Communications  to  be  printed  in  extenso. 
That  Professor  Matteucci's  letter  to  the  President  be  printed  entire  in  the 
leports  of  the  Association. 
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That  Captain  Noble's  paper  "  On  the  Penetration  of  Shot  and  resistance  of 
Iron-clad  Defences  "  be  printed  in  extenso  in  the  Beports. 

Synopsis  of  Grants  of  Money  appropriated  to  Scientific  Purposes  by 
the   General   Committee  at  the  Nottingham  Meeting  in  August 

1866.     The  names  of  the  Members  who  would  be  entitled  to  call  on 
the  General  Treasurer  for  the  respective  Grants  are  prefixed. 

Kew  Observatory.  £  8t  #9 

M Maintaining  the  Establishment  of  Kew  Observatory 600  0  0 

Mathematics  and  Physics. 

Sabine,  Iient.-General. — Instruments  for  observations  in  India  200  0  0 

Glaiaher,  Mr. — Lunar  Committee 120  0  0 

Williamson,  Prof.— Electrical  Standards 100  0  0 

Airy,  Mr. — Reduction  of  Riimker's  Observations  (renewed)    . .  150  0  0 

Glaiaher,  Mr.— British  Rainfall 50  0  0 

Sykes,  Col. — Balloon  Experiments    50  0  0 

Glaiaher,  Mr. — Luminous  Meteors    50  0  0 

Kew  Committee. — Meteorological  observations  in  Palestine    . .  50  0  0 

Robinson,  Dr. — Sound  under  Water     30  0  0 

Geology. 

Mitchell,  Mr.— Alum  Bay  Fossil  Leaf-Beds 25  0  0 

LyeU,  Sir  C.— Kent's  Hole  Investigation     100  0  0 

Mitchell,  Mr.— Bournemouth  Fossil  Leaf-Beds    30  0  0 

Busk,  Professor. — Maltese  Caverns  Elephants 50  0  0 

Bate,  Mr.  C.  Spence.— Fossil  Crustacea    25  0  0 

Wright,  Dr.  E.  P.— Kilkenny  Coal-field 25  0  0 

Scott,  Mr.  R.  H.— Plant  Beds  of  North  Greenland 100  0  0 

Phillips,  Prof.— Secondary  Reptiles 50  0  0 

Biology. 

Jeffreys,  Mr. — Marine  Fauna,  Ireland 25  0  0 

Jeffreys,  Mr.— Dredging  West  Coast  of  Shetland     75  0  0 

Tristram,  Rev.  H.  B.— Insect  Fauna,  Palestine  30  0  0 

Wright,  Dr.  E.  P.— Coast  of  North  Greenland,  Flora  and  Fauna  75  0  0 
Richardson,  Dr.  B.  W. — Physiological  action  of  the  Ethyl  and 

MethylSeries 25  0  0 

Geography  and  Ethnology. 

Nicholson,  Sir  C. — Palestine  Exploration    50  0  0 

Statistics  and  Economic  Science. 

Bowring,  Sir  J. — Metrical  Committee 30  0  0 

Mechanics. 
Russell*  Mr.  J.  Scott. — Analysis  of  Reports  on  Steam-ship  Per- 
formance      100  0  0 

Fairbairn,  Mr. — Manufacture  of  Iron  and  Steel 25  0  0 

Webster,  Mr.— Patent  LawB  (renewed) 30  0  0 

Total 2270  0  0 
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General  Statement  of  Sums  which  have  been  paid  on  Account  of  Gfrants- 
for  Scientific  Purposes. 


Tide  Discussions 


1834. 


£    g.    d. 
20     0     0 


1835. 

Tide  Discussions   62  0  0 

British  Fossil  Ichthyology    105  0  0 

£167  0  0 


1836. 

Tide  Discussions' 163  0 

British  Fossil  Ichthyology    105  0 

Thermometric  Observations,  Sec.  50  0 
Experiments  on  long-continued 

Heat  , ,....,.,  17  1 

Ham-Gauges 9  13 

Refraction  Experiments 15  0 

Lunar  Nutation.; 60  0 

Thermometers  ..-. ..... *  15  6 


1838. 

Tide  Discussions 

British  Fossil  Fishes     

Meteorological  Observations  and 

Anemometer  (construction) ... 

Cast  Iron  (Strength  of)     

Animal  and.  Vegetable  Substances 

(Preservation  of) .„....,. 

Railway  Constants    

Bristol  Tides 

Growth  of  Plants.  *.. 

Mud  in  Rivers  

Education  Committee    

Heart  Experiments  

Land  and  Sea  Level.'. '.. .,..'. 

Subterranean  Temperature  

Steam-vessels 

Meteorological  Committer    ...... 

Thermometers   ,.♦ „... 


75 
3 

50  0 

5  3 

267  '8 

8  6 

100  0 

31  9 

16  4 


183G. 


£134   14     0 


*     1837. 

Tide  Discussions   . 284     1  0 

Chemical  Constants 24  13  6 

Lunar  Nutation 70     0  0 

Observations  on  Waves 100  12  0 

Tides  at  Bristol 150     0  0 

Meteorology  and    Subterranean 

Temperature 89     5  0 

Vitrification  Experiments... 150     0  0 

Heart  Experiments 8     4  6 

Barometric  Observations  !.. 30     0  0 

Barometers    ....:.. 11   IS  *  6 


£918  14     6 


29  0  0 

100  0  0 

100  0  0 

60  0  0 

19  1  10 

41  12  10 

50  0  0 


0     0 
6     6 


£956  12     2 


FtMiJl  Irhf Myology 110/  6  0 

Meteorological    Obftrv ut ions    at 

J'lyitimuli   *»*,f(#v,(-„»?ltj 63  10  0 

Mui  luLnijim  of  Waves     ....*.....,.   144  2  0 

»©l  Tides, # g 35  18  6 


£  #-  <L 

Meteorology  and    Subterranean 

Temperature 21  1 1  0 

Vitrification  Experiments 9  4  7 

Cast  Iron  Experiments 100  O  0 

Railway  Constants    28  7  2 

Land  and  Sea  Level 274  1  4 

Steam-vessels'  Engines 100  O  0 

Stars  in  Histoire  Celeste  331  18  6 

Stars  in  Lacaille 11  O  0 

Stars  in  R. A. S.  Catalogue 6  16  6 

Animal  Secretions 10  10  0 

Steam-engines  in  Cornwall  50  O  0 

Atmospheric  Air-  16  1  0 

Cast  and  Wrought  Iron 40  O  0 

Heat  on  Organic  Bodies   3  0  0 

Gases  on  Solar  Spectrum 22  0  0 

Hourly  Meteorological  Observa- 
tions, Inverness  and  Kingussie     49  7  8 

Fossil  Reptiles  118  2  9 

Mining  Statistics 50  0  0 


£1595  11      0 


1840. 

Bristol  Tides 100 

Subterranean  Temperature  13 

Heart  Experiments   18 

Lungs  Experiments 8 

Tide  Discussions    50 

Land  and  Sea  Level 6 

Stars  (Histoire  Celeste)    242 

Stars  (Lacaille) 4 

Stars  (Catalogue) 264 

Atmospheric  Air   ...., 15 

Water  on  Iron  10 

Heat  on  Organic  Bodies    .........  7 

Meteorological  Observations 52 

Foreign  Scientific  Memoirs 112 

Working  Population 100 

School  Statistics T.  50 

Forms  of  Vessels  1U4 

Chemical  and  Electrical  Pheno- 
mena    40 

Meteorological   Observations    at 

.     Plymouth  ..,.,.,., 80 

Magnetical  Observations  ~  185 


0     0 
13     6 


17     6 
1      6 


0     0 


0     0 
13     9 


£1546  16     4 


1841. 

Observations  on  Waves 30  0  0 

Meteorology   and    Subterranean 

Temperature 8  8  0 

Actinometers 10  0  0 

Earthquake  Shocks  17  7  0 

Acrid  Poisons 6  0  0 

Veins  and  Absorbents   ;...  "3  0  0 

Mud  in  Rivers  ..•....•.....; 5  0  0 

Marine  Zoology 15  12  8 

Skeleton  Maps  20  0  0 

Mountain  Barometers    6  18  6 

Stars  (Histoire  Celeste) 185  0  0 


GENERAL  STATEMENT. 
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£    t.  d. 

Stars  (LsuaUle) 79     5  0 

Stars  (Nomenclature  of)    17  19  6 

Sura  (Catalogue  of) 40     0  0 

Water  on  Iron  50     0  0 

Meteorological    Observations    at 

Inverness 20     0  0 

Meteorological  Observations  (re- 
daction of)    25     0  0 

Possil  Reptiles  50     0  0 

Foreign  Memoirs 62     0  0 

Railway  Sections  38     1  6 

Forms  of  Vessels   193  12  0 

Meteorological    Observations    at 

Plymouth  55     0  0 

Magnetieal  Observations  61   18  8 

Fishes  of  the  Old  Red  Sandstone  100     0  0 

Tides  at  Leith   50     0  0 

Anemometer  at  Edinburgh  69     110 

Tabulating  Observations   9     6  3 

Races  of  Men    5     0  0 

Radiate  Animals    2     0  0 

£1235  10  11 

1842. 

Dynamotnetric  Instruments 113  11  2 

Anoplora  Britannia 52  12  0 

Tides  at  Bristol 59     8  0 

Oases  on  Light 30  14  7 

Chronometers 26  17  6 

Marine  Zoology 15  0 

British  Fossil  Mammalia  100     0  0 

Statistics  of  Education  20     0  0 

Marine  Steam- vessels*  Engines...     28     0  0 

Stars  (Htstoire  Celeste) 59     0  0 

Stars  (Brit.  Assoc.  Cat.  of )  110     0  0 

Railway  Sections   161  10  0 

British  Belemnites 50     0  0 

Fossil   Reptiles    (publication    of 

Report) 210     0  0 

Forms  of  Vessels   180     0  0 

Galvanic  Experiments  on  Rocks       5     8  6 
Meteorological    Experiments    at 

Plymouth  68     0  0 

Constant  Indicator  and  Dynamo- 
metric  Instruments   90     0  0 

Force  of  Wind  10     0  0 

Light  on  Growth  of  Seeds    8     0  0 

Vital  Statistics  50     0  0 

Vegetative  Power  of  Seeds  8     1  11 

Questions  on  Human  Race  7    9  0 

£1449  17  8 


1843. 

Revision  of  the  Nomenclature  of 

Stars  2     0     0 

Reduction  of  Stars,  British  Asso- 
ciation Catalogue  25     0     0 

Anomalous  Tides,  Frith  of  Forth  120     0     0 

Hoorty  Meteorological  Observa- 
tions st  Kingussie  and  Inverness     77  12     8 

Meteorological    Observations    at 

Plymouth  55     0     0 

Whewell's  Meteorological  Ane- 
mometer at  Plymouth  10    0    0 


£    «•    d. 

Meteorological  Observations,  Os- 
ier's Anemometer  at  Plymouth     20     0     0 

Reduction  of  Meteorological  Ob- 
servations       30     0     0 

Meteorological   Instruments  and 

Gratuities  39     6     0 

Construction  of  Anemometer  at 

Inverness  56  12     2 

Magnetic  Cooperation   10    8    10 

Meteorological  Recorder  for  Kew 

Observatory   50     0     0 

Action  of  Gases  on  Light 18  16     1 

Establishment  at  Kew  Observa- 
tory, Wages,  Repairs,  Furni- 
ture and  Sundries 133     4     7 

Experiments  by  Captive  Balloons     81     8     0 

Oxidation  of  the  Rails  of  Railways     20     0     0 

Publication  of  Report  on  Fossil 

Reptiles... . .     40     0     0 

Coloured   Drawings  of  Railway 

Sections 147  18     3 

Registration       of      Earthquake 

Shocks 30     0    0 

Report  on  Zoological  Nomencla- 
ture      10    0    0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 4     4     6 

Vegetatjve  Power  of  Seeds   5     3     8 

Marine  Testacea  (Habits  of )    ...     10     0     0 

Marine  Zoology 10     0     0 

Marine  Zoology .' 2  14  11 

Preparation  of  Report  on  British 

Fossil  Mammalia  100     0     0 

Physiological  Operations  of  Me- 
dicinal Agents   20     0     0 

Vital  Statistics  36     5     8 

Additional  Experiments  on  the 

Forms  of  Vessels  7Q     0     0 

Additional  Experiments  on  the 

Forms  of  Vessels  100     0     0 

Reduction  of  Experiments  on  the 

Forms  of  Vessels 100     0     0 

Morin's  Instrument  and  Constant 

Indicator    69  14  10 

Experiments  on  the  Strength  of 

Materials 60     0     0 

£1565  10     2 

1844. 

Meteorological    Observations    at 

Kingussie  and  Inverness  12     0     0 

Completing  Observations  at  Ply- 
mouth         85     0    0 

Magnetic  and  Meteorological  Co- 
operation        25     8     4 

Publication  of  the  British  Asso- 
ciation Catalogue  of  Stars 35     0     0 

Observations  on    Tides  on  the 

East  coast  of  Scotland 100     0     0 

Revision  of  the  Nomenclature  of 

8tars  ^ 1842       2     9     6 

Maintaining  the  Establishment  in 

Kew  Observatory    117  17     8 

Instruments  for  Kew  Observatory    56     7     3 
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£  9. 

Influence  of  Light  on  Plants......     10  0 

Subterraneous   Temperature    in 

Ireland 5  0 

Coloured  Drawing*' of  Railway 

Section 15  17 

Investigation  of  Fossil  Fishes  of 

the  Lower  Tertiary  Strata  ...  100  0 
Registering  the  Shocks  of  Earth- 
quakes   1842    23  11 

Structure  of  Fossil  Shells 20  0 

Radiate   and    Mollusca   of   the 

jEgesn  and  Red  Seas 1842  100  0 

Oeographical     Distributions     of 

Marine  Zoology 1842      0  10 

Marine  Zoology  of  Devon  and 

Cornwall    10  0 

Marine  Zoology  of  Corfu 10  0 

Experiment*  on  the  Vitality  of 

Seeds 0  0 

Experiments  on  the  Vitality  of 

Seeds 1842      8  7 

Exotic  Anoplura 15  0 

Strength  of  Materials    100  0 

Completing  Experiments  on  the 

Forms  of  Ships 100  0 

Inquiries  Into  Asphyxia   10  0 

Investigations   on    the  Internal 

Constitution  of  Metals  50  0 

Constant  Indicator  and  Morin's 

Instrument,  1842 ,^_  10  8 

£981  12 

1845.          """" "—""~ 
Publication  of  the  British  Associa- 
tion Catalogues  of  8tars 351  14 

Meteorological   Observations    at 

Inverness : 30  18 

Magnetic  and  Meteorological  Co- 
operation      16  16 

Meteorological    Instruments    at 

Edinburgh 18  11 

Reduction  of  Anemometrlcal  Ob* 

servations  at  Plymouth 25  0 

Electrical  Experiments  at  Kew 

Observatory  43  17 

Maintaining  the  Establishment  in 

Kew  Observatory  140  15 

For  Krell's  Barometrograph ......    25  0 

Gases  from  Iron  Furnaces   ......    50  0 

The  Actlnograph 15  0 

Microscopic  Structure  of  Shells...    20  0 

Exotic  Anoplura    ., 1843     10  0 

Vitality  ef  Seeds 1843      2  0 

Vitality  of  Seeds 1844      7  0 

Marine  Zoology  of  Cornwall 10  0 

Physiological  Action  of  Medicines    20  0 
Statistics  of  Sickness  and  Mor- 
tality in  York    20  0 

Earthquake  Shocks 1843     15  14 

£830  «f 


1  £*.<*. 

Fossil  Fishes  of  the  London  Clay  100  O  O 
I  Computation    of    the   Gaussian 

Constant*  for  1839 50  O  O 

Maintaining  the  Establishment  at 

Kew  Observatory  146  16*  7 

Strength  of  Materials 60  O  O 

Researches  in  Asphyxia 6  16  2' 

Examination  of  Fossil  Shells 10  O  O 

Vitality  of  Seeds   1844  2  15  10 

Vitality  of  Seeds    1845  7  12  3 

Marine  Zoology  of  Corn  wall 10  0  O 

Marine  Zoology  of  Britain   10  0  O 

Exotic  Anoplura    1844  25  0  0 

Expenses  attending  Anemometers  11  7  6 

Anemometers' Repairs 2  3  6 

Atmospheric  Waves 3  3  3 

Captive  Balloons  1844  8  19  3 

Varieties  of  the  Human  Race 

1844  7  6  3 
Statistics  of  Sickness  and  Mor- 
tality in  York 12  0  O 

£685  16  O 


1846. 
British  Association  Catalogue  of 

^  . 1344  211  15 


1847. 
Computation    of    the    Gaussian 

Constanta  for  1830    50  0  0 

Habits  of  Marine  Animals 10  0  0 

Physiological  Action  of  Medicines     20  0  0 

Marine  Zoology  of  Cornwall    ...     10  0  O 

Atmospheric  Waves 6  9  3 

Vitality  of  Seeds   4  7  7 

Maintaining  the  Establishment  at 

Kew  Observatory 107  8  6 

£208  5  4 


1848. 
Maintaining  the  Establishment  at 

Kew  Observatory 171  15  11 

Atmospheric  Waves 3  10  9 

Vitality  of  Seeds    9  15  O 

Completion  of  Catalogues  of  Stars    70    0  0 

On  Colouring  Matters  5     0  0 

On  Growth  of  Plants 15     0  0 

£275     1  8 


1849. 
Electrical  Observations  at  Kew 

Observatory  50     0 

Maintaining    Establishment    at 

ditto   76    2 

Vitality  of  Seeds   5    8 

On  Growth  of  Plants 5     0 

Registration  of  Periodical  Phe- 
nomena      10     0 

Bill  on  accouut  of  A  neurometries! 

Observations 13    9 

£159  19 


1850. 
Maintaining  the  Establishment  at 

Kew  Observatory 255  18    0 

Transit  of  Earthquake  Waves...     50    0    0 


GENERAL  STATEMENT. 


xllx 


£  s.  d. 

Periodic*!  Phenomena  , 15  0  0 

Meteorological    Instrument, 

Aura  .«    25  0  J> 

£345  18  0 

1851.  ■■== 
Maintaining  the  Establishment  at 

Kew  Observatory  (includes  part 

of  grant  in  1849)  309  2  2 

Theory  of  Heat 20  1  1 

Periodical  Phenomena  of  Animals 

and  Plants . ft  0  0 

Vitality  of  Seeds    5  6  4 

Influence  of  Solar  Radiation 30  0  0 

Ethnological  Inquiries 12  0  0 

Researches  on  Annelida   .,     10  0  0 

£391  9  7 

1852.  ==- 
Maintaining  the  Establishment  at 

Kew   Observatory    (including 

balance  of  grant  for  1350)  ...  233  17  8 
Experiments  on  the  Conduction 

of  Heat  5  2  9 

It  floenee  of  Solar  Radiations  ...     20  0  0 

Geological  Map  of  Ireland    15  0  0 

Researches  on  the  British  Anne. 

lida 10  0  0 

Vitality  of  Seeds    10  6  2 

Strength  of  Boiler  Plates 10  0  0 

£304  6  7 

1853.  == 
Maintaining  the  Establishment  at 

Kew  Observatory 165  0  0 

Experiments  on  the  Influence  of 

Solar  Radiation 15  0  0 

Researches  on  the  British  Anne- 

IM* 10  0  0 

Dredging  on  the  East  Coast  of 

Scotland 10  0  0 

Ethnological  (Queries    ..500 

£205  0  0 

u-     ..  1854'  = = 

Maintaining  the  Establishment  at 
Kew  Observatory   (including 

balance  of  former  grant)  330  15  4 

Jaustigations  on  Flax 11  0  0 

Effects     of     Temperature     on 

Wrooghtlron    10  0  0 

Reparation  of  Periodical   Phe- 
nomena      10  0  0 

Rririth  Annelida   10  0  0 

^tanty  of  Seeds   5  2  3 

eduction  of  Heat 4  2  0 

£380  19  7 

Maintaining  the  Establishment  at 

Kew  Observatory 425  0  0 

Ejrthontke  Movements   10  0  0 

™T»eal  Aspect  of  the  Moon 11  8  5 

Vitality  of  Seeds  10  7  11 

Jf«p  of  the  World 15  0  0 

{W'Htogieal  Queries    5  0  0 

Df*l*»ng  near  Belfast  ..400 

£480  ^O  4 

1866. 


£  «.  d. 
1850. 

Maintaining  the  Establishment  at 
Kew  Observatory : — 

1854 £  75     0     01    ...  .  . 

1855 £500     0     0/   bl*  °  ° 

Strickland's  Ornithological  Syno- 
nyms   100  0  0 

Dredging  and  Dredging  Forms...       9  13  9 

Chemical  Action  of  Light 20  0  0 

Strength  of  Iron  Plates 10  0  0 

Registration  of  Periodical  Pheno- 
mena       10  0  0 

Propagation  of  Salmon 10  0  0 

£734  13  9 
1857.              — — 

Maintaining  the  Establishment  at 

Kew  Observatory 350  0  0 

Earthquake  Wave  Experiments. .     40  0  0 

Dredging  near  Belfast  10  0  0 

Dredging  on  the  West  Coast  of 

Scotland 10  0  0 

Investigations  into  the  Mollusca 

of  California  10  0  0 

Experiments  on  Flax    5  0  0 

Natural  History  of  Madagascar. .     20  0  0 

Researches  on  British  Annelida    25  0  0 

Report  on  Natural  Products  im- 
ported into  Liverpool    10  0  0 

Artificial  Propagation  of  Salmon     10  0  0 

Temperature  of  Mines 7  8  0 

Thermometers  for  Subterranean 

Observations 5  7  4 

Life-Boats 5  0  0 


£507  15     4 


1858. 
Maintaining  the  Establishment  at 

Kew  Observatory  500  0  0 

Earthquake  Wave  Experiments..    25  0  0 
Dredging  on  the  West  Coast  of 

Scotland     10  0  0 

Dredging  near  Dublin  5  0  0 

Vitality  of  Seeds    5  5  0 

Dredging  near  Belfast  18  13  2 

Report  on  the  British  Annelida...     25  0  0 
Experiments  on   the  production 

of  Heat  by  Motion  in  Fluids  ...     20  0  0 
Report  on  the  Natural  Products 

Imported  into  Scotland 10  0  0 

£018  18  2 
1859.           ^-=== 
Maintaining  the  Establishment  at 

Kew  Observatory 500  0  0 

Dredging  near  Dublin 15  0  0 

Osteology  of  Birds 50  0  0 

Irish  Tunicata 5  0  0 

Manure  Experiments    20  0  0 

British  Medusida? 5  0  0 

Dredging  Committee 5  0  0 

Steam- vessels' Performance 5  0  0 

Marine  Fauna  of  South  and  West 

of  Ireland  . 10  0  0 

Photographic  Chemistry  10  0  0 

Lanarkshire  Fossils  20  0  1 

Balloon  Ascents , 39  11  0 

£6d4  11  I 
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1860.  £     8.  d. 

Maintaining  the    Establishment 

of  Kew  Observatory 500     0     0 

Dredging  near  Belfast 16     6     0 

Dredging  in  Dublin  Bay 15     0     0 

Inquiry  into  the  Performance  of 

Steam- vessels..... 124    0     0 

Explorations  in  the  Yellow  Sand- 
stone of  Dura  Den 20     0     0 

Chemico-mechanical  Analysis  of 

Rocks  and  Minerals 25     0     0 

Researches    on    the  Growth    of 

Plants 10    0     0 

Researches  on  the  Solubility  of 

Salts 30     0     0 

Researches  on  the  Constituents 

of  Manures 25     0     0 

Balance  of  Captive  Balloon  Ac- 
counts        1  13     6 


£1241     7     0 


1861. 
Maintaining    the   Establishment 

of  Kew  Observatory 500 

Earthquake  Experiments 25 

Dredging  North  and  East  Coasts 

of  Scotland 23 

Dredging  Committee : — 

1860 £50     0     0\ 

1861 £22     0     0  j 

Excavations  at  Dura  Den 20 

Solubility  of  Salts 20 

Steam-vessel  Performance     150 

Fossils  of  Lesmahago 15 

Explorations  at  Uriconium  20 

Chemical  Alloys    20 

Classified  Index  to  the  Transac- 
tions    100 

Dredging  in  the  Mersey  and  Dee  5 

Dip  Circle 30 

Photoheliographic  Observations  50 

Prison  Diet    20 

Gauging  of  Water..... 10 

Alpine  Ascents 6 

Constituents  of  Manures 25 


0     0 
0     0 

0     0 


72     0     0 


£1111     5  10 


1862. 
Maintaining  the   Establishment 

of  Kew  Observatory 500  0  0 

Patent  Laws 216  0 

Mollusca  of  N.-W.  America 10  0  0 

Natural   History  by  Mercantile 

Marine  5  0  0 

Tidal  Observations    25  0  0 

Photoheliometer  at  Kew  40  0  0 

Photographic  Pictures  of  the  Sun  150  0  0 

Rocks  of  Donegal 25  0  0 

Dredging   Durham  and   North- 
umberland   25  0  0 

Connexion  of  Storms 20  0  0 

Dredging  North- East  Coast  of 

Scotland 6  9  6 

Ravages  of  Teredo    3  11  0 

Standards  of  Electrical  Resistance  50  0  0 

Railway  Accidents 10  0  0 


£  s.  d 

Balloon  Committee  200     O  0 

Dredging  Dublin  Bay  10      O  0 

Dredging  the  Mersey    5  0  0 

Prison  Diet    20  O  0 

Gauging  of  Water 12  10  0 

Steamships' Performance 150  O  0 

Thermo-Electric  Currents    6  O  O 

£1293  16  6 

1863.  "**"" 

Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Balloon  Committee  deficiency...    70  0  0 

Balloon  Ascents  (other  expenses)    25  O  0 

Entozoa..... 25  O  0 

CoalFossUs  20  O  0 

Herrings 20  O  0 

Granites  of  Donegal 5  0  0 

Prison  Diet 20  0  O 

Vertical  Atmospheric  Movements   13  O  O 

Dredging  Shetland  50  O  0 

Dredging   North-east   coast  of 

Scotland  25  0  O 

Dredging  Northumberland  and 

Durham 17  3  10 

Dredging   Committee    superin- 
tendence      10  0  0 

Steamship  Performance  100  0  0 

Balloon  Committee 200  0  0 

Carbon  under  pressure 10  0  0 

Volcanic  Temperature 100  0  O 

Bromide  of  Ammonium  8  0  0 

Electrical  Standards 100  0  O 

Construction  and  distribu- 
tion       40  0  0 

Luminous  Meteors  17  0  0 

Kew  Additional   Buildings  for 

Photoheliograph  100  0  0 

Thermo-Electricity  15  0  0 

Analysis  of  Rocks     8  0  0 

Hydroids  10  0  0 


£1608  3  10 
1864.            «==. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Coal  Fossils  20  0  0 

Vertical    Atmospheric    Move- 
ments     20  0  0 

Dredging  Shetland  75  0  0 

Dredging  Northumberland 25  0  0 

Balloon  Committee 200  0  0 

Carbon  under  pressure 10  0  0 

Standards  of  Electric  Resistance  100  0  0 

Analysis  of  Rocks 10  0  0 

Hydroida  10  0  0 

Askham'sGift  50  0  0 

Nitrite  of  A myle  10  0  0 

Nomenclature  Committee    5  0  0 

Ram-Gauges 19  15  8 

Cast  Iron  Investigation  20  0  0 

Tidal  Observations  in  the  Humber  50  0  0 

Spectral  Rays  45  0  0 

Luminous  Meteors 20  0  0 


£1289  15    8 


RECOMMENDATIONS  OF  THE  GENERAL  COMMITTEE. 


1865.  £  f.  d. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Balloon  Committee 100  0  0 

Hrdroida  13  0  0 

Rain-Gauges 30  0  0 

Tidal  Observations  in  the  Humber     6  8  0 

Hexylic  Compounds 20  0  0 

Amyl  Compounds 20  0  0 

Irish  Flora    25  0  0 

America*  Mollusc*  3  9  0 

Organic  Acids  20  0  0 

Lingula  Flags  Excavation    10  0  0 

Eurypteros    50  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding   25  0  0 

Gibraltar  Caves  Researches     ...  150  0  0 

Kent**  Hole  Excavations 100  0  0 

Moon's  Surface  Observations  ...  35  0  0 

Marine  Fauna  25  0  0 

Dredging  Aberdeenshire 25  0  0 

Dredging  Channel  Islands  50  0  0 

Zoological  Nomenclature 5  0  0 

Resistance  of  Floating  Bodies  in 

Water   100  0  0 

Bath  Waters  Analysis 8  10  0 

Luminous  Meteors 40  0  0 

£1591  7  To 


1866.  £  t.  <f. 
Maintaining  the  Establishment 

of  Kew  Observatory 600  0  0 

Lunar  Committee 64  13  4 

Balloon  Committee 50  0  0 

Metrical  Committee 50  0  0 

British  Rainfall 50  0  0 

Kilkenny  Coal  Fields   16  0  0 

Alum  Bay  Fossil  Leaf-Bed 15  0  0 

Luminous  Meteors   50  0  0 

Lingula  Flags  Excavation    20  0  0 

Chemical  Constitution  of  Cast 

Iron  50  0  0 

Amyl  Compounds 25  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Exploration 30  0  0 

Kent's  Hole  Exploration 200  0  0 

Marine  Fauna,  Ac.,  Devon  and 

Cornwall   25  0  0 

Dredging  Aberdeenshire  Coast...  25  0  0 

Dredging  Hebrides  Coast 50  0  0 

Dredging  the  Mersey  5  0  0 

Resistance  of  Floating  Bodies  in 

Water    50  0  0 

Polycyanides  of  Organic  Radi- 
cals      20  0  0 

Rigor  Mortis 10  0  0 

Irish  Annelida 15  0  0 

Catalogue  of  Crania 50  0  0 

Didine  Birds  of  Mascarene  Islands  50  0  0 

Typical  Crania  Researches  30  0  0 

Palestine  Exploration  Fund 100  0  0 

£1750  13  4 


Extracts  from  Resolutions  of  the  General  Committee. 

Committees  and  individuals,  to  whom  grants  of  money  for  scientific  pur- 
poses have  been  entrusted,  are  required  to  present  to  each  following  meeting 
of  the  Association  a  Eeport  of  the  progress  which  has  been  made ;  with  a 
statement  of  the  sums  which  have  been  expended,  and  the  balance  which  re- 
mains disposable  on  each  grant. 

Grants  of  pecuniary  aid  for  scientific  purposes  from  the  funds  of  the  Asso- 
ciation expire  at  the  ensuing  meeting,  unless  it  shall  appear  by  a  Report  that 
the  Recommendations  have  been  acted  on,  or  a  continuation  of  them  be 
ordered  by  the  General  Committee. 

In  each  Committee,  the  Member  first  named  is  the  person  entitled  to  call  on 
the  Treasurer,  William  Spottiswoode,  Esq.,  50  Grosvenor  Place,  London,  S.W., 
for  such  portion  of  the  sum  granted  as  may  from  time  to  time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contemplate 
the  payment  of  personal  expenses  to  the  members. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  continua- 
tion of  Researches  at  the  cost  of  the  Association,  tho  sum  named  shall  be 
deemed  to  include,  as  a  part  of  the  amount,  the  specified  balance  which  may 
remain  unpaid  on  the  former  grant  for  the  same  object. 
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General  Meetings. 

On  Wednesday  Evening,  August  22,  at  8  p.k.,  in  the  Theatre,  Professor 
John  Phillips,  M.A.,  LL.D.,  F.lt.S.,  F.G.8.,  resigned  the  office  of  President  to 
William  II.  Grove,  Esq.,  M.A.,  F.R.S.,  who  took  the  Chair,  and  delivered  an 
Address,  for  which  see  page  liii. 

On  Thursday  Evening,  August  23,  at  8  p.m.,  a  Soiree  took  place  in  the 
Exhibition  Building. 

On  Friday  Evening,  August  24,  at  8.30  p.k.,  in  the  Theatre,  William 
Huggins,  Esq.,  delivered  a  Discourse  on  the  "  Results  of  Spectrum  Analysis 
as  Applied  to  the  Heavenly  Bodies." 

On  Monday  Evening,  August  27,  at  8.30  p.m.,  in  the  Theatre,  Joseph 
Hooker,  Esq.,  M.D.,  F.R.S.,  delivered  a  Discourse  on  "Insular  Floras/* 

On  Tuesday  Evening,  August  28,  at  8  p.k.,  a  Soiree  took  place  in  the 
Exhibition  Building. 

On  Wednesday,  August  29,  at  3  p.k.,  the  concluding  General  Meeting" 
took  place,  when  the  Proceedings  of  the  General  Committee,  and  the  Grants  of 
Money  for  Scientific  purposes,  were  explained  to  the  Members. 

The  Meeting  was  then  adjourned  to  Dundee*. 

*  The  Meeting  is  appointed  to  take  place  on  Wednesday,  September  4,  1867. 
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ADDRESS     \    *.      <>"    V^V 

or 

WHJJAM  ROBERT  GROVE,  Esq.,  Q.C.,  M.A.,  F.R.S., 

PRESIDENT. 


If  our  rude  predecessors,  who  at  one  time  inhabited  the  caverns  which 
surround  this  town,  could  rise  from  their  graves  and  see  it  in  its  present 
state,  it  may  be  doubtful  whether  they  would  have  sufficient  knowledge  to 
be  surprised. 

The  machinery,  almost  resembling  organic  beings  in  delicacy  of  structure, 
by  which  are  fabricated  products  of  world-wide  reputation,  the  powers  of 
matter  applied  to  give  motion  to  that  machinery,  are  so  far  removed  from 
what  must  have  been  the  conceptions  of  the  semibarbarians  to  whom  I  have 
alluded,  that  they  could  not  look  on  thorn  with  intelligent  wonder. 

Yet  this  immense  progress  has  all  been  effected  step  by  step,  now  and  then 
a  little  more  rapidly  than  at  other  times ;  but,  viewing  the  whole  course  of 
improvement,  it  has  been  gradual,  though  moving  in  an  accelerated  ratio. 
But  it  is  not  merely  in  those  branches  of  natural  knowledge  which  tend  to 
improvements  in  economical  arts  and  manufacture*,  that  science  has  made 
great  progress.  In  the  study  of  our  own  planet  and  the  organic  beings 
with  which  it  is  crowded,  and  in  so  much  of  the  universe,  as  vision,  aided 
by  the  telescope,  has  brought  within  the  scope  of  observation,  the  present 
century  has  surpassed  any  antecedent  period  of  equal  duration. 

It  would  be  difficult  to  trace  out  all  the  causes  which  have  led  to  the  in- 
crease of  observational  and  experimental  knowledge. 

Among  the  more  thinking  portion  of  mankind  the  gratification  felt  by 
the  discovery  of  new  truths,  the  expansion  of  faculties,  and  extension  of  the 
boundaries  of  knowledge  have  been  doubtless  a  sufficient  inducement  to  the 
study  of  nature ;  while,  to  the  more  practical  minds,  the  reality,  the  cer- 
tainty, and  the  progressive  character  of  the  acquisitions  of  natural  science, 
and  the  enormously  increased  means  which  its  applications  give,  have  im- 
pressed its  importance  as  a  minister  to  daily  wants  and  a  contributor  to 
ever-increasing  material  comforts,  luxury,  and  power. 

Though  by  no  means  the  only  one,  yet  an  important  cause  of  the  rapid 
advance  of  science  is  the  growth  of  associations  for  promoting  the  progress 
either  of  physical  knowledge  generally,  or  of  special  branches  of  it.  Since 
the  foundation  of  the  Royal  Society,  now  more  than  two  centuries  ago,  a 
vast  number  of  kindred  societies  have  sprung  up  in  this  country  and  in 
Europe.  The  advantages  conferred  by  these  societies  are  manifold ;  they 
enable  those  who  are  devoted  to  scientific  research,  to  combine,  compare,  and 
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check  their  observations,  to  assist,  by  the  thoughts  of  several  minds,  the 
promotion  of  the  inquiry  undertaken ;  they  contribute  from  a  joint  purse 
to  such  efforts  as  their  members  deem  most  worthy ;  they  afford  a  means  of 
submitting  to  a  competent  tribunal  notices  and  memoirs,  and  of  obtaining 
for  their  authors  and  others,  by  means  of  the  discussions  which  ensue,  in- 
formation given  by  those  best  informed  on  the  particular  subject;  they 
enable  the  author  to  judge  whether  it  is  worth  his  while  to  pursue  the  sub- 
jects he  has  brought  forward,  and  they  defray  the  expense  of  printing  and 
publishing  such  researches  as  are  thought  deserving  of  it. 
<  These  advantages,  and  others  might  be  named,  pertain  to  the  Association 
the  36th  Meeting  of  which  we  are  this  evening  assembled  to  inaugurate ; 
but  it  has,  from  its  intermittent  and  peripatetic  character,  advantages  which 
belong  to  none  of  the  societies  which  are  fixed  as  to  their  locality. 

Among  these  are  the  novelty  and  freshness  of  an  annual  meeting,  which, 
while  it  brings  together  old  Members  of  the  Association,  many  of  whom  only 
meet  on  this  occasion,  always  adds  a  quota  of  new  Members,  infusing  new 
blood,  and  varying  the  social  character  of  our  meetings. 

The  visits  of  distinguished  foreigners,  whom  we  have  previously  known  by 
reputation,  is  one  of  the  most  delightful  and  improving  of  the  results.  The 
wide  field  of  inquiry,  and  the  character  of  communications  made  to  the 
Association,  including  all  branches  of  natural  knowledge,  and  varying  from 
simple  notices  of  an  interesting  observation  or  experiment,  to  the  most  in- 
tricate and  refined  branches  of  scientific  research,  <b  another  valuable  charac- 
teristic. 

Lastly,  perhaps  the  greatest  advantage  resulting  from  the  annual  visits 
of  this  great  parliament  to  new  localities  is  that,  while  it  imparts  fresh 
local  knowledge  to  the  visitors,  it  leaves  behind  stimulating  memories,  which 
rouse  into  permanent  activity  dormant  or  timid  minds — an  effect  which,  so  far 
from  ceasing  with  the  visit  of  the  Association,  frequently  begins  when  that 
visit  terminates. 

Every  votary  of  physical  science  must  be  anxious  to  see  it  recognized  by 
those  institutions  of  the  country  which  can  to  the  greatest  degree  promote 
its  cultivation  and  reap  from  it  the  greatest  benefit.  You  will  probably 
agree  with  me  that  the  principal  educational  establishments  on  the  one  hand, 
and  on  the  other  the  Government,  in  many  of  its  departments,  are  the  insti- 
tutions which  may  best  fulfil  these  conditions.  The  more  early  the  mind  is 
trained  to  a  pursuit  of  any  kind,  the  deeper  and  more  permanent  are  the 
impressions  received,  and  the  more  service  can  be  rendered  by  the  students. 

M  Quo  semel  est  imbuta  reoons  servabit  odorem 
Twta  dm." 

Littlo  can  be  achieved  in  scientific  research  without  an  acquaintance  with 
it  in  youth ;  you  will  rarely  find  an  instance  of  a  man  who  has  attained  any 
eminence  in  science  who  has  not  commenced  its  study  at  a  very  early 
period  of  life.  Nothing,  again,  can  tend  more  to  tho  promotion  of  science 
than  the  exertions  of  those  who  have  early  acquired  the  Jjdos  resulting  from 
a  scientific  education.  I  desire  to  make  no  complaint  of  the  tardiness  with 
which  science  has  been  received  at  our  public  schools  and,  with  some  ex- 
ceptions, at  our  Universities.  These  great  establishments  have  their  roots 
in  historical  periods,  and  long  time  and  patient  endeavour  is  requisite  be- 
fore a  new  branch  of  thought  can  be  grafted  with  success  on  a  stem  to  which 
it  is  exotic.  Nor  should  I  ever  wish  to  see  the  study  of  languages,  of  history, 
of  all  those  refined  associations  which  the  past  has  transmitted  to  us,  ne- 
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glected ;  bat  there  is  room  for  both.  It  is  sad  to  see  the  number  of  so-called 
educated  men  who,  travelling  by  railway,  voyaging  by  steamboat,  consult- 
ing the  almanac  for  the  time  of  sunrise  or  full-moon,  have  not  the  most 
elementary  knowledge  of  a  steam-engine,  a  barometer,  or  a  quadrant ;  and 
who  will  listen  with  a  half-confessed  faith  to  the  most  idle  predictions  as 
to  weather  or  cometio  influences,  while  they  are  in  a  state  of  crass  igno- 
rance aa  to  the  cause  of  the  trade-winds  or  the  form  of  a  comet's  path. 
May  we  hope  that  the  slight  infiltration  of  scientific  studies,  now  happily 
commenced,  will  extend  till  it  ocoupies  its  fair  space  in  the  education  of 
the  young,  and  that  those  who  may  be  able  learnedly  to  discourse  on  the 
Eolic  digamma  will  not  be  ashamed  of  knowing  the  principles  on  which  the 
action  of  an  air-pump,  an  electrical  machine,  or  a  telescope  depends,  and  will 
not,  as  Bacon  complained  of  his  contemporaries,  despise  such  knowledge  as 
something  mean  and  mechanical. 

To  assert  that  the  great  departments  of  Government  should  encourage 
physical  science  may  appear  a  truism,  and  yet  it  is  but  of  late  that  it  has 
been  seriously  done ;  now,  the  habit  of  consulting  men  of  science  on  im- 
portant questions  of  national  interest  is  becoming  a  recognized  practice, 
and  in  a  time,  which  may  seem  long  to  individuals,  but  is  short  in  the 
history  of  a  nation,  a  more  definite  sphere  of  usefulness  for  national  pur- 
poses will,  I  have  no  doubt,  be  provided  for  those  duly  qualified  men  who 
may  be  content  to  give  up  the  more  tempting  study  o&  abstract  science  for 
that  of  its  practical  applications.    In  this  respect  the  Report  of  the  Kcw 
Committee  for  this  year  affords  a  subject  of  congratulation  to  those  whom 
I  have  the  honour  to  address.    The  Kew  Observatory,  the  petted  child  of 
the  British  Association,  may  possibly  become  an  important  national  establish- 
ment ;  and  if  so,  while  it  will  not,  I  trust,  lose  its  character  of  a  home  for 
untrammelled  physical  research,  it  will  have  superadded  some  of  the  functions 
of  the  Meteorological  Department  of  the  Board  of  Trade  with  a  staff  of  skil- 
ful and  experienced  observers. 

This  is  one  of  the  results  which  the  general  growth  of  science,  and  the 
labours  of  this  Association  in  particular,  have  produced ;  but  I  do  not  propose 
on  this  occasion  to  recapitulate  the  special  objects  attained  by  the  Association, 
this  has  been  amply  done  by  several  of  my  predecessors ;  nor  shall  I  confine 
my  address  to  the  progress  made  in  physical  science  since  the  time  when 
my  most  able  and  esteemed  Mend  and  predecessor  addressed  you  at  Bir- 
mingham. In  the  various  reports  and  communications  which  will  be  road 
at  your  Sections,  details  of  every  step  which  has  been  made  in  science 
since  our  last  Meeting  will  be  brought  to  your  notice,  and  I  have  no  doubt 
fully  and  freely  discussed. 

I  purpose,  with  your  kind  permission,  to  submit  to  you  certain  views  of 

what  has  within  a  comparatively  recent  period  been  accomplished  by  science, 

.    what  have  been  the  steps  leading  to  the  attained  results,  and  what,  as  far  as 

we  may  fairly  form  an  opinion,  is  the  general  character  pervading  modern 

discovery. 

It  seems  to  me  that  the  object  we  have  in  view  would  bo  more  nearly 
approached,  by  each  President,  chosen  as  they  are  in  succession  as  repre- 
senting different  branches  of  science,  giving  on  these  occasions  either  an 
account  of  the  progress  of  the  particular  branch  of  science  he  has  cultivated, 
when  that  is  not  of  a  very  limited  and  special  character,  or  enouncing  his 
own  view  of  the  general  progress  of  science ;  and  though  this  will  necessarily 
involve  much  that  belongs  to  recent  years,  the  confining  a  President  to 
a  mere  risumS  of  what  has  taken  place  since  our  last  Meeting  would,  I 
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venture  with  diffidence  to  think,  limit  his  means  of  usefulness,  and  render 
his  discourse  rather  an  annual  register  than  an  instructive  essay. 

I  need  not  dwell  on  tho  common-place  hut  yet  important  topics  of  the 
material  advantages  resulting  from  the  application  of  science ;  I  will  address 
myself  to  what,  in  my  humble  judgment,  are  the  lessons  we  have  learned 
and  the  probable  prospects  of  improved  natural  knowledge. 

One  word  will  give  you  the  key  to  what  I  am  about  to  discourse  on  ;  that 
word  is  continuity,  no  new  word,  and  used  in  no  new  sense,  but  perhaps 
applied  more  generally  than  it  has  hitherto  been.  We  shall  see,  unless  I  am 
much  mistaken,  that  the  development  of  observational,  experimental,  and 
even  deductive  knowledge  is  either  attained  by  steps  so  extremely  small  as 
to  form  really  a  continuous  ascent;  or,  when  distinct  results  apparently 
separate  from  any  coordinate  phenomena  have  been  attained,  that  then,  by 
the  subsequent  progress  of  science,  intermediate  links  have  been  discovered 
uniting  the  apparently  segregated  instances  with  other  more  familiar 
phenomena. 

Thus  the  more  we  investigate,  the  more  we  find  that  in  existing  phe- 
nomena graduation  from  the  like  to  the  seemingly  unlike  prevails,  and  in 
the  changes  which  take  place  in  time,  gradual  progress  is,  and  apparently 
must  be,  the  course  of  nature. 

Let  me  now  endeavour  to  apply  this  view  to  the  recent  progress  of  some  of 
the  more  prominent  branches  of  science. 

In  Astronomy,  from  the  time  when  the  earth  was  considered  a  flat  plain 
bounded  by  a  flat  ocean, — when  the  sun,  moon,  and  stars  were  regarded  as 
lanterns  to  illuminate  this  plain, — each  successive  discovery  has  brought  with 
it  similitudes  and  analogies  between  this  earth  and  many  of  the  objects  of 
the  universe  with  which  our  senses,  aided  by  instruments,  have  made  us 
acquainted.  I  pass,  of  course,  over  those  discoveries  which  have  established  the 
Copernican  system  as  applied  to  our  sun,  its  attendant  planets,  and  their  satellites. 
The  proofs,  however,  that  gravitation  is  not  confined  to  our  solar  system, 
but  pervades  the  universe,  have  received  many  confirmations  by  the  labours 
of  Members  of  this  Association ;  I  may  name  those  who  have  held  the 
office  of  President,  Lord  Kossc,  Lord  Wrottesley,  and  Sir  J.  Herschel,  the 
latter  having  devoted  special  attention  to  the  orbits  of  double  stars,  the 
former  to  those  probably  more  recent  systems  called  nebulae.  Double  stars 
seem  to  be  orbs  analogous  to  our  own  6un  and  revolving  round  their  common 
centre  of  gravity  in  a  conic-section  curve,  as  do  the  planets  with  which  we 
are  more  intimately  acquainted ;  but  the  nebulas  present  more  difficulty,  and 
some  doubt  has  been  expressed  whether  gravitation,  such  as  we  consider  it, 
acts  with  those  bodies  (at  least  those  exhibiting  a  spiral  form)  as  it  does  with 
us ;  possibly  some  other  modifying  influence  may  exist,  our  present  ignorance 
of  which  gives  rise  to  the  apparent  difficulty.  There  is,  however,  another 
class  of  observations  quite  recent  in  its  importance,  and  which  has  formed  a 
special  subject  of  contribution  to  the  Reports  and  Transactions  of  this 
Association ;  I  allude  to  those  on  Meteorites,  at  which  our  lamented  Member, 
and  to  many  of  us  our  valued  friend,  Prof.  Baden  Powell  assiduously  laboured, 
for  investigations  into  which  a  Committee  of  this  Association  is  formed,  and 
a  series  of  star-charts  for  enabling  observers  of  shooting-stars  to  record  their 
observations  was  laid  before  the  last  Meeting  of  the  Association  byMr.Glaisher. 

It  would  occupy  too  much  of  your  time  to  detail  the  efforts  of  Bessel, 
Bchwinke,  the  late  Sir  J.  Lubbock,  and  others,  as  applied  to  the  formation  of 
star-charts  for  aiding  the  observation  of  meteorites  which  Mr.  Alexander 
Herschel,  Mr.  Brayley,  Mr.  Sorby,  and  others  are  now  studying. 
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Dr.  Olmeied  explained  the  appearance  of  a  point  from  which  the  lines  of 
flight  of  meteors  seem  to  radiate,  as  being  the  perspective  vanishing  point  of 
their  parallel  or  nearly  parallel  courses  appearing  to  an  observer  on  tho 
earth  as  it  approaches  them.  The  uniformity  of  position  of  these  radiant 
points,  the  many  corroborative  observations  on  the  direction,  the  distances, 
and  the  velocities  of  these  bodies,  the  circumstance  that  their  paths  intersect 
the  earth's  orbit  at  certain  definite  periods*  and  the  total  failure  of  all  other 
theories  which  have  been  advanced,  while  there  is  no  substantial  objection  to 
this,  afford  evidence  almost  amounting  to  proof  that  these  are  cosmical  bodies 
moving  in  the  interplanetary  space  by  gravitation  round  the  sun,  and  some 
perhaps  round  planets.  This  view  gives  us  a  new  element  of  continuity. 
Tho  universe  would  thus  appear  not  to  have  the  extent  of  empty  space 
formerly  attributed  to  it,  but  to  be  studded  between  the  larger  and  more 
visible  masses  with  smaller  planets,  if  the  term  be  permitted  to  be  applied  to 
meteorites. 

Observations  are  now  made  at  the  periods  at  which  meteors  appear  in 
greatest  numbers — at  Greenwich  by  Mr.  Glaishcr,  at  Cambridge  by  Prof, 
Adams,  and  at  Hawkhurst  by  Mr.  Alexander  Herschel — and  every  preparation 
is  made  to  secure  as  much  accuracy  as  can,  in  the  present  state  of  knowledge, 
be  secured  for  such  observations. 

The  number  of  known  asteroids,  or  bodies  of  a  smaller  size  than  what  are 
termed  the  ancient  planets,  has  been  so  increased  by  numerous  discoveries, 
that  instead  of  seven  we  now  count  eighty-eight  as  the  number  of  recognized 
planets — a  field  of  discovery  with  which  the  name  of  Hind  will  be  ever 
associated. 

If  we  add  these,  the  smallest  of  which  is  only  twenty  or  thirty  miles  in 
diameter,  indeed  cannot  be  accurately  measured,  and  if  we  were  to  apply  the 
same  scrutiny  to  other  parts  of  the  heavens  as  has  been  applied  to  the  zone 
between  Mors  and  Jupiter,  it  is  no  far-fetched  speculation  to  suppose  that 
in  addition  to  asteroids  and  meteorites,  many  other  bodies  exist  until  the 
spaee  occupied  by  our  solar  system  becomes  filled  up  with  planetary  bodies 
varying  in  size  from  that  of  Jupiter  (1240  times  larger  in  volume  than  the 
earth)  to  that  of  a  cannon-ball  or  even  a  pistol-bullet. 

The  researches  of  Leverrier  on  the  intra-mercurial  planets  come  in  aid  of 
these  views ;  and  another  half  century  may,  and  not  improbably  will,  enable 
us  to  ascertain  that  the  now  seemingly  vacant  interplanetary  spaces  are 
occupied  by  smaller  bodies  which  have  hitherto  escaped  observation,  just  as 
the  asteroids  had  until  the  time  of  Olbers  and  Piazzi.  But  the  evidence  of 
continuity  as  pervading  the  universe  does  not  stop  at  telescopic  observation ; 
ehemistry  and  physical  optics  bring  usnewproofs.  Those  meteoricbodies  which 
have  from  time  to  time  come  so  far  within  reach  of  the  earth's  attraction  as 
to  fall  upon  its  surface,  give  on  analysis  metals  and  oxides  similar  to  those 
which  belong  to  the  structure  of  the  earth — they  come  as  travellers  bringing 
specimens  of  minerals  from  extra-terrestrial  regions. 

In  a  series  of  papers  recently  communicated  to  the  French  Academy, 
M.  Daubree  has  discussed  the  chemical  and  mineralogical  character  of 
meteorites  as  compared  with  the  rocks  of  the  earth.  He  finds  that  the 
similarity  of  terrestrial  rocks  to  meteorites  increases  as  we  penetrate  deeper 
into  the  earth's  crust,  and  that  some  of  the  deep-seated  minerals  have  a 
composition  and  characteristics  almost  identical  with  meteorites  [olivine, 
heraoHte,  and  serpentine,  for  instance,  closely  resemble  them] ;  that  as  we 
approach  the  surface,  rooks  having  similar  components  with  meteorites  aro 
found,  but  in  a  state  of  oxidation,  which  necessarily  much  modifies  their 
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mineral  charaoter,  and  which,  by  involving  secondary  oxygenized  compounds, 
mustalsochangetheirchemical  constitution.  By  experiments  he  has  succeeded 
in  forming  from  terrestrial  rocks  substances  very  much  resembling  meteorites. 
Thus  close  relationship,  though  by  no  means  identity,  is  established  between 
this  earth  and  those  wanderers  from  remote  regions,  some  evidence,  though 
at  present  incomplete,  of  a  common  origin. 

Surprise  has  often  been  expressed  that,  while  the  mean  specific  gravity  of 
this  globe  is  from  five  to  six  times  that  of  water,  the  mean  specific  gravity  of 
its  crust  is  barely  half  as  great.  It  has  long  seemed  to  me  that  there  is  no 
ground  for  wonder  here.  The  exterior  of  our  planet  is  to  a  considerable 
depth  oxidated;  the  interior  is  in  all  probability  free  from  oxygen,  and  what- 
ever bodies  exist  there  are  in  a  reduced  or  deoxidated  state,  if  so,  their  specific 
gravity  must  necessarily  be  higher  than  that  of  their  oxides  or  chlorides,  Ac.: 
we  find,  moreover,  that  some  of  the  deep  seated  minerals  have  a  higher 
specific  gravity  than  the  average  of  those  on  the  surface ;  olivine,  for  instance, 
has  a  specific  gravity  of  3*3.  There  is  therefore  no  &  priori  improbability  that 
the  mean  specific  gravity  of  the  earth  should  notably  exceed  that  of  its 
surface ;  and  if  we  go  further  and  suppose  the  interior  of  the  earth  to  be 
formed  of  the  same  ingredients  as  the  exterior,  minus  oxygen,  chlorine, 
bromine,  &c.,  a  specific  gravity  of  5  to  6  would  not  be  an  unlikely  one. 
Many  of  the  elementary  bodies  entering  largely  into  the  formation  of  the 
earth's  crust  are  as  light  or  lighter  than  water, — for  instance,  potassium,  so- 
dium, ftc;  others,  such  as  sulphur,  silicon,  aluminium,  have  from  two  to  three 
times  its  specific  gravity ;  others,  again,  as  iron,  copper,  sine,  tin,  seven  to 
nine  times  ;  while  others,  lead,  gold,  platinum,  &c,  are  much  more  dense, — 
but,  speaking  generally,  the  more  dense  are  the  least  numerous.  There  seems 
no  improbability  in  a  mixture  of  such  substances  producing  a  mean  specific 
gravity  of  from  5  to  6,  although  it  by  no  means  follows,  indeed  the  proba- 
bility is  rather  the  other  way,  that  the  proportions  of  the  substances  in  the 
interior  of  the  earth  are  the  same  as  on  the  exterior.  It  might  be  worth  the 
labour  to  ascertain  tho  mean  specific  gravity  of  all  the  known  minerals  on  the 
earth's  surface,  averaging  them  in  the  ratios  in  which,  as  far  as  our  know- 
ledge goes,  they  quantitatively  exist,  and  assuming  them  to  exist  without  the 
oxygen,  chlorine,  &c.,  with  which  they  are,  with  some  rare  exceptions, 
invariably  combined  on  the  surface  of  the  earth :  great  assistance  to  the  know- 
ledge of  the  probable  constitution  of  the  earth  might  be  derived  from  such  an 
investigation. 

While  chemistry,  analytic  and  synthetic,  thus  aids  us  in  ascertaining  tho 
relationship  of  our  planet  to  meteorites,  its  relation  in  composition  to  other 
planets,  to  the  sun,  and  to  more  distant  suns  and  systems  is  aided  by  another 
science,  viz.  optics. 

That  light  passing  from  one  transparent  medium  to  another  should  carry 
with  it  evidence  of  the  source  from  which  it  emanates,  would,  until  lately,  have 
seemed  an  extravagant  supposition  ;  but  probably  (could  we  read  it)  every- 
thing contains  in  itself  a  large  portion  of  its  own  history. 

I  need  not  detail  to  you  the  discoveries  of  Kirchhoff,Bunsen,MiUer,Huggin6, 
and  others,  they  have  been  dilated  on  by  my  predecessor.  Assuming  that 
spectrum  analysis  is  a  reliablo  indication  of  the  presence  of  given  substances 
by  the  position  of  transverse  bright  lines  exhibited  when  they  are  burnt  and 
of  transverse  dark  lines  when  light  is  transmitted  through  their  vapours, 
though  Pliicker  has  shown  that  with  some  substances  these  lines  vary  with 
temperature,  the  point  of  importance  in  the  view  I  am  presenting  to  you  is, 
that  while  what  may  be  called  comparatively  neighbouring  cosmical  bodies 
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exhibit  lines  identical  with  many  of  those  shown  by  the  components  of  this 
planet,  as  we  proceed  to  the  more  distant  appearances  of  the  nebulas  we  get 
bat  one  or  two  of  such  lines,  and  we  get  one  or  two  new  bands  not  yet  iden- 
tified with  any  known  to  be  produced  by  substances  on  this  globe. 

Within  the  last  year  Mr.  Huggins  has  added  to  his  former  researches 
observations  on  the  spectrum  of  a  comet  (comet  1  of  1866),  the  nucleus  of 
which  shows  but  one  bright  line,  while  the  spectrum  formed  by  the  light  of 
the  coma  is  continuous,  seeming  to  show  that  the  nucleus  is  gaseous  while 
the  coma  would  consist  of  matter  in  a  state  of  minute  division  shining  by 
reflected  light :  whether  this  be  solid,  liquid,  or  gaseous  is  doubtful ;  but  the 
author  thinks  it  is  in  a  condition  analogous  to  that  of  fog  or  cloud.  The 
position  in  the  spectrum  of  the  bright  line  furnished  by  the  nucleus  is  the 
same  as  that  of  nitrogen,  which  also  is  shown  in  some  of  the  nebulae. 

But  the  moat  remarkable  achievement  by  spectrum  analysis  is  the  record 
of  observations  on  a  temporary  star  which  has  shone  forth  this  year  in  the 
constellation  of  the  northern  crown  about  a  degree  S.E.  of  the  star  e.  When 
it  was  first  seen,  May  12th,  it  was  nearly  equal  in  brilliancy  to  a  star  of  the 
second  magnitude ;  when  observed  by  Mr.  Huggins  and  Dr.  Miller,  May  16th, 
it  was  reduced  to  the  third  or  fourth  magnitude.  Examined  by  these 
observers  with  the  spectroscope,  it  gave  a  spectrum  which  they  state  was 
unlike  that  of  any  celestial  body  they  had  examined. 

The  light  was  compound  and  had  emanated  from  two  different  sources. 
One  spectrum  was  analogous  to  that  of  the  sun,  viz.,  formed  by  the  light  of 
an  incandescent  solid  or  liquid  photosphere  which  had  suffered  absorption  by 
the  vapours  of  an  envelope  cooler  than  itself.  The  second  spectrum  consisted 
of  a  few  bright  lines,  which  indicated  that  the  light  by  which  it  was  formed 
was  emitted  by  matter  in  the  state  of  luminous  gas.  They  consider  that,  from 
the  position  of  two  of  the  bright  lines,  the  gas  must  be  probably  hydrogen, 
and  from  their  brilliancy  compared  with  the  light  of  the  photosphere  the  gas 
must  have  been  at  a  very  high  temperature.  They  imagine  the  phenomena  to 
result  from  the  burning  of  hydrogen  with  some  other  element,  and  that  from 
the  resulting  temperature  the  photosphere  is  heated  to  incandescence. 

There  is  strong  reason  to  believe  that  this  star  is  one  previously  seen  by 
Argelander  and  Sir  J.  Herschel,  and  that  it  is  a  variable  star  of  long  or  irre- 
gular period ;  it  is  also  notable  that  some  of  its  spectrum  lines  correspond 
with  those  of  several  variable  stars.  The  time  of  its  appearance  was  too 
short  for  any  attempt  to  ascertain  its  parallax ;  it  would  have  been  important 
if  it  could  even  have  been  established  that  it  is  not  a  near  neighbour,  as  the 
magnitude  of  such  a  phenomenon  must  depend  upon  its  distance.  I  forbear 
to  add  any  speculations  as  to  the  cause  of  this  most  singular  phenomenon ; 
however  imperfect  the  knowledge  given  us  by  these  observations,  it  is  a  groat 
triumph  to  have  caught  this  fleeting  object,  and  obtained  permanent  records 
for  the  use  of  future  observers. 

It  would  seem  as  if  the  phenomenon  of  gradual  change  obtained  towards 
the  remotest  objects  with  which  we  are  at  present  acquainted,  and  that  the 
farther  we  penetrate  into  space  the  more  unlike  to  those  we  are  acquainted 
with  become  the  objects  of  our  examination, — sun,  planets,  meteorites,  earth 
similarly  though  not  identically  constituted,  stars  differing  from  each  other 
and  from  our  system,  and  nebula?  more  remote  in  space  and  differing  more  in 
their  characters  and  constitution. 

While  we  thus  can  to  some  extent  investigate  the  physical  constitution  of 
the  most  remote  visible  substances,  may  we  not  hope  that  some  further  insight 
as  to  the  constitution  of  the  nearest,  viz.  our  own  satellite,  may  be  given  us 
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by  this  class  of  researches  ?  The  question  whether  the  moon  possesses  any 
atmosphere  may  still  be  regarded  as  unsolved.  If  there  be  any,  it  must  bo 
exceedingly  small  in  quantity  and  highly  attenuated.  Calculations,  made 
from  occultation  of  stars,  on  the  apparent  differences  of  the  semidiameter  of 
the  bright  and  dark  moon  give  an  amount  of  difference  which  might  indicate 
a  minute  atmosphere,  but  which  Mr.  Airy  attributes  to  irradiation. 

Supposing  the  moon  to  be  constituted  of  similar  materials  to  the  earth,  it 
must  be,  to  say  the  least,  doubtful  whether  there  is  oxygen  enough  to  oxidate 
the  metals  of  which  she  is  composed ;  and  if  not,  the  surface  which  we  see  most 
be  metallic,  or  nearly  so.  The  appearance  of  her  craters  is  not  unlike  that 
seen  on  the  surface  of  some  metals,  such  as  bismuth,  or,  according  to  Professor 
Phillips,  silver,  when  cooling  from  fusion  and  just  previous  to  solidifying ;  and 
it  might  be  a  fair  subject  of  inquiry  whether,  if  there  be  any  coating  of  oxide 
on  the  surface,  it  may  not  be  so  thin  as  not  to  disguise  the  form  of  the  con- 
gealed metallic  masses,  as  they  may  have  set  in  cooling  from  igneous  fusion* 
M.  Chacornac's  recent  observations  lead  him  to  suppose  that  many  of  the 
lunar  craters  were  the  result  of  a  single  explosion,  which  raised  the  surface 
as  a  bubble  and  deposited  its  debris  around  the  orifice  of  eruption. 

The  eruptions  on  the  surface  of  the  moon  clearly  did  not  take  place  at  one 
period  only,  for  at  many  parts  of  the  disk  craters  may  be  seen  encroaching 
on  and  disfiguring  more  ancient  craters,  sometimes  to  the  extent  of  three  or 
four  successive  displacements :  two  important  questions  might,  it  seems  to  me, 
be  solved  by  an  attentive  examination  of  such  portions  of  the  moon.  By  ob- 
serving carefully  with  the  most  powerful  telescopes  the  character  of  the  ridges 
thus  successively  formed,  the  successive  states  of  the  lunar  surface  at  different 
epochs  might  be  elucidated ;  and  secondly,  as  on  the  earth  we  should  look  for 
actual  volcanic  action  at  those  points  where  recent  eruptions  have  taken  place, 
so  on  the  moon  the  more  recently  active  points  being  ascertained  by  the  suc- 
cessive displacement  of  anterior  formations,  it  is  these  points  which  should  be 
examined  for  existing  disruptive  disturbances.  Metius  and  Fabricius  might 
be  cited  as  points  of  this  character,  having  been  found  by  M.  Chacornac  to 
present  successive  displacements  and  to  be  perforated  by  numerous  channels 
or  cavities.  M.  Chacornac  considers  that  the  seas,  as  they  are  called,  or 
smoother  portions  of  the  lunar  surface  have  at  some  time  made  inroads  on 
anteriorly  formed  craters ;  if  so,  a  large  portion  of  the  surface  of  the  moon 
must  have  been  in  a  fused,  liquid,  senuliquid,  or  alluvial  state  long  after  the 
solidifying  of  other  portions  of  it.  It  would  be  difficult  to  suppose  that  this 
state  was  one  of  igneous  fusion,  for  this  could  hardly  exist  over  a  large  part 
of  the  surface  without  melting  up  the  remaining  parts ;  on  the  other  hand, 
the  total  absence  of  any  signs  of  water,  and  of  any,  or,  if  any,  only  the  most 
attenuated,  atmosphere,  would  make  it  equally  difficult  to  account  for  a  large 
diluvial  formation. 

Some  substances,  like  mercury  on  this  planet,  might  have  remained  liquid 
after  others  had  solidified ;  but  the  problem  is  one  which  needs  more  exami- 
nation and  study  before  any  positive  opinion  can  be  pronounced. 

I  cannot  pass  from  the  subject  of  lunar  physics  without  recording  the  obli- 
gation we  are  under  to  our  late  President  for  his  most  valuable  observations 
and  for  his  exertion  in  organizing  a  band  of  observers  devoted  to  the  exami- 
nation of  this  our  nearest  celestial  neighbour,  and  to  Mr.  Nasmyth  and  Mr. 
De  la  Rue  for  their  important  graphical  and  photographical  contributions  to 
"  'i  subject.  The  granular  character  of  the  sun's  surface  observed  by  Mr. 
vth  in  1860  is  also  a  discovery  which  ought  not  to  be  passed  over  in 
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Before  quitting  the  subject  of  Astronomy  I  cannot  avoid  expressing  a  feeling 
of  disappointment  that  the  achromatic  telescope,  which  has  rendered  such 
notable  service  to  this  science,  still  retains  in  practice  the  great  defect  which 
was  known  a  century  ago  at  the  time  of  Hall  and  Dollond,  namely,  the  inac- 
curacy of  definition  arising  from  what  was  termed  the  irrationality  of  the 
spectrum,  or  the  incommensurate  divisions  of  the  spectra  formed  by  flint 
and  crown  glass. 

The  beautiful  results  obtained  by  Blair  have  remained  inoperative  from  the 
circumstance  that  evaporable  liquids  being  employed  between  the  lenses, 
a  want  of  permanent  uniformity  in  the  instrument  was  experienced ;  and 
notwithstanding  the  high  degree  of  perfection  to  which  the  grinding  and 
polishing  object-glasses  has  been  brought  by  Clarke,  Cooke,  anil  Mertz,  not- 
withstanding the  greatly  improved  instrumental  manufacture,  the  defect  to 
which  I  have  adverted  remains  unremedied  and  an  eyesore  to  the  observer 
with  the  refracting  telescope. 

We  have  now  a  large  variety  of  different  kinds  of  glass  formed  from 
different  metallic  oxides.  A  list  of  many  such  was  given  by  M.  Jacque- 
lain  a  few  years  back;  the  last  specimen  which  I  have  seen  is  a  heavy 
highly  refracting  glass  formed  from  the  metal  thallium  by  M.  Lamy.  Among 
all  these  could  no  two  or  three  be  selected  which,  having  appropriate  re- 
fracting and  dispersing  powers,  would  have  the  coloured  spaces  of  their 
respective  spectra  if  not  absolutely  in  the  same  proportions,  at  all  events 
much  more  nearly  so  than  those  of  flint  and  crown  glass  ?  Could  not,  again, 
oily  or  resinous  substances,  such  as  castor  oil,  Canada  balsam,  Ac,  having  much 
action  on  the  more  refrangible  rays  of  the  spectrum,  be  made  use  of  in  com- 
bination with  glass  lenses  to  reduce  if  not  annihilate  this  signal  defect  ?  This 
is  not  a  problem  to  the  solution  of  which  there  seems  any  insuperable  diffi- 
culty; the  reason  why  it  has  not  been  solved  is,  I  incline  to  think,  that  the 
great  practical  opticians  have  no  time  at  their  disposal  to  devote  to  long  ten- 
tative experiments  and  calculations,  and  on  the  other  hand  the  theoretic 
opticians  have  not  the  machinery  and  the  skill  in  manipulation  requisite  to 
give  the  appropriate  degree  of  excellence  to  the  materials  with  which  they 
experiment ;  yet  the  result  is  worth  labouring  for,  as,  could  the  defect  be 
remedied,  the  refracting  telescope  would  make  nearly  as  great  an  advance 
upon  its  present  state  as  the  achromatic  did  on  the  single  lens  refractor. 

While  gravitation,  physical  constitution,  and  chemical  analysis  by  the 
spectrum  show  us  that  matter  has  similar  characteristics  in  other  worlds  than 
our  own,  when  we  pass  to  the  consideration  of  those  other  attributes  of 
matter  which  were  at  one  time  supposed  to  be  peculiar  kinds  of  matter  itself, 
or,  as  they  were  called,  imponderables,  but  which  are  now  generally,  if  not 
universally,  recognized  as  forces  or  modes  of  motion,  we  find  the  evidence  of 
continuity  still  stronger. 

When  all  that  was  known  of  magnetism  was  that  a  piece  of  steel  rubbed 
against  a  particular  mineral  had  the  power  of  attracting  iron,  and,  if  freely 
suspended,  of  arranging  itself  nearly  in  a  line  with  the  earth's  meridian,  it 
seemed  an  exceptional  phenomenon.  When  it  was  observed  that  amber,  if 
rubbed,  had  the  temporary  power  of  attracting  light  bodies,  this  also  seemed 
something  peculiar  and  anomalous.  What  are  now  magnetism  and  electricity  ? 
farces  so  universal,  so  apparently  connected  with  matter  as  to  become  two  of 
its  invariable  attributes,  and  that  to  speak  of  matter  not  being  capable  of 
being  affected  bv  these  forces  would  seem  almost  as  extravagant  as  to  speak 
of  matter  not  being  affected  by  gravitation. 

»So  with  light,  heat,  and  chemical  affinity,  not  merely  is  every  form  of 
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matter  with  which  wo  are  acquainted  capable  of  manifesting  all  these  modes 
of  force,  but  so-called  matter  supposed  incapable  of  such  manifestations  would 
to  most  minds  cease  to  be  matter. 

Further  than  this  it  seems  to  me  (though,  as  I  have  taken  an  active  part 
for  many  years,  now  dating  from  a  quarter  of  a  century,  in  promoting  this 
view,  1  may  not  be  considered  an  impartial  judge)  that  it  is  now  proved  that 
all  these  forces  are  so  invariably  connected  inter  se  and  with  motion  as  to  be 
regarded  as  modifications  of  each  other,  and  as  resolving  themselves  objec- 
tively into  motion,  and  subjectively  into  that  something  which  produces 
or  resists  motion,  and  which  we  call  force. 

1  may  perhaps  be  permitted  to  recal  a  forgotten  experiment,  which 
nearly  a  quarter  of  a  century  ago  I  showed  at  the  London  Institution,  an 
experiment  simple  enough  in  itself,  but  which  then  seemed  to  me  important 
from  the  consequences  to  be  deduced  from  it,  and  the  importance  of  which 
will  be  much  better  appreciated  now  than  then. 

A  train  of  multiplying  wheels  ended  with  a  small  metallic  wheel  which, 
when  the  train  was  put  in  motion,  revolved  with  extreme  rapidity  against  the 
periphery  of  the  next  wheel,  a  wooden  one.  In  the  metallic  wheel  was 
placed  a  small  piece  of  phosphorus,  and  as  long  as  the  wheels  revolved,  the 
phosphorus  remained  unchanged,  but  the  moment  the  last  wheel  was  stopped 
by  moving  a  small  lever  attached  to  it,  the  phosphorus  burst  into  flame. 
My  object  was  to  show  that  while  motion  of  the  mass  continued,  heat  was 
not  generated,  but  that  when  this  was  arrested,  the  force  continuing  to  ope- 
rate, the  motion  of  the  mass  became  heat  in  the  particles.  The  experiment 
differed  from  that  of  Rumford's  cannon-boring  and  Davy's  friction  of  ice  in 
showing  that  there  was  no  heat  while  the  motion  was  unresisted,  but  that  the 
heat  was  in  some  way  dependent  on  the  motion  being  impeded  or  arrested. 
We  have  now  become  so  accustomed  to  this  view,  that  whenever  we  find 
motion  resisted  we  look  to  heat,  electricity,  or  some  other  force  as  the 
necessary  and  inevitable  result. 

It  Would  be  out  of  place  here,  and  treating  of  matters  too  familiar  to  the 
bulk  of  my  audience,  to  trace  how,  by  the  labours  of  Oersted,  Seebeck,  Faraday, 
Talbot,  Daguerre,  and  others,  materials  have  been  provided  for  the  generaliza- 
tion now  known  as  the  correlation  of  forces  or  conservation  of  energy,  while 
Davy,  Eumford,  Seguin,  Mayer,  Joulo,  Hclmholts,  Thomson,  and  others 
(among  whom  I  would  not  name  myself,  were  it  not  that  I  may  be  misunder- 
stood and  supposed  to  have  abandoned  all  claim  to  a  share  in  the  initiation 
of  this,  as  I  believe,  important  generalization)  have  carried  on  the  work ; 
and  how,  sometimes  by  independent  and,  as  is  commonly  the  case,  nearly 
simultaneous  deductions,  sometimes  by  progressive  and  accumulated  disco- 
veries, the  doctrine  of  the  reciprocal  interaction,  of  the  quantitative  relation, 
and  of  the  necessary  dependence  of  all  the  forces  has,  I  think  I  may  venture 
to  say,  been  established. 

If  magnetism,  be,  as  it  is  proved  to  be,  connected  with  the  other  forces  or 
affections  of  matter,  if  electrical  currents  always  produce,  as  they  are  proved 
to  do,  lines  of  magnetio  force  at  right  angles  to  their  lines  of  action,  mag- 
netism must  be  cosmical,  for  where  there  is  heat  and  light,  there  is  electricity 
and  consequently  magnetism.  Magnetism,  then,  must  be  cosmical  and  not 
merely  terrestrial.  Could  we  trace  magnetism  in  other  planets  and  suns  as  a 
force  manifested  in  axial  or  meridional  lines,  i.  e.  in  lines  cutting  at  right 
angles  the  curves  formed  by  their  rotation  round  an  axis,  it  would  be  a  great 
step ;  but  it  is  one  hitherto  unaccomplished.  The  apparent  coincidences  be- 
tween the  maxima  and  minima  of  solar  spots,  and  the  decennial  or  undeeen- 
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nial  periods  of  terrestrial  magnetio  intensity,  though  only  empirical  at  pre- 
sent, might  tend  to  lead  us  to  a  knowledge  of  the  connexion  we  are  seeking ; 
and  the  President  of  the  Royal  Society  considers  that  an  additional  epoch  of 
coincidence  has  arrived,  making  the  fourth  decennial  period ;  hut  some  doubt 
is  thrown  upon  these  coincidences  by  the  magnetic  observations  made  at 
Greenwich  Observatory.  In  a  paper  published  in  the  '  Transactions  of  the 
Royal  Society/  1863,  the  Astronomer  Royal  says,  speaking  of  results  ex- 
tending oyer  seventeen  years,  there  is  no  appearance  of  decennial  cycle  in  the 
recurrence  of  great  magnetio  disturbances ;  and  Mr.  Glaisher  last  year,  in  the 
physical  section  of  this  Association,  stated  that  after  persevering  examination 
he  had  been  unable  to  trace  any  connexion  between  the  magnetism  of  the 
earth  and  the  spots  on  the  sun. 

Mr.  Airy,  however,  in  a  more  recent  paper,  suggests  that  currents  of 
magnetic  force  having  reference  to  the  solar  hour  are  detected,  and  seem  to 
produce  vortices  or  circular  disturbances,  and  he  invites  further  cooperative 
observation  on  the  subject,  one  of  the  highest  interest,  but  at  present  re- 
maining in  great  obscurity. 

One  of  the  most  startling  suggestions  as  to  the  consequence  resulting  from 
the  dynamical  theory  of  heat  is  that  made  by  Mayer,  that  by  the  loss  of  vis 
viva  occasioned  by  friction  of  the  tidal  waves,  as  well  as  by  their  forming, 
as  it  were,  a  drag  upon  the  earth's  rotatory  movement,  the  velocity  of  the 
earth's  rotation  must  be  gradually  diminishing,  and  that  thus,  unless  some 
undiscovered  compensatory  action  exist,  this  rotation  must  ultimately  cease, 
and  changes  hardly  calculable  take  place  in  the  solar  system. 

M.  Delaunay  considers  that  part  of  the  acceleration  of  the  moon's  mean 
motion  which  is  not  at  present  accounted  for  by  planetary  disturbances,  to  be 
due  to  the  gradual  retardation  of  the  earth's  rotation ;  to  which  view,  after 
an  elaborate  investigation,  the  Astronomer  Royal  has  given  his  assent. 

Another  most  interesting  speculation  of  Mayer  is  that  with  which  you  are 
familiar,  viz.,  that  the  heat  of  the  sun  is  occasioned  by  friction  or  percussion 
of  meteorites  falling  upon  it:  there  are  some  difficulties,  not  perhaps  in- 
superable, in  this  theory.  Supposing  such  cosmical  bodies  to  exist  in  suffi- 
cient numbers  they  would,  as  they  revolve  round  the  sun,  fall  into  it,  not  as 
an  aerolite  falls  upon  the  earth  directly  by  an  intersection  of  orbits,  but  by 
the  gradual  reduction  in  size  of  the  orbits,  occasioned  by  a  resisting  medium ; 
some  portion  of  force  would  be  lost,  and  heat  generated  in  space  by  friction 
against  such  medium ;  when  they  arrive  at  the  sun  they  would,  A»mming 
them,  like  the  planets,  to  have  revolved  in  the  same  direction,  all  impinge  in 
a  definite  direction,  and  we  might  expect  to  see  some  symptoms  of  such  in 
the  sun's  photosphere ;  but  though  this  is  in  a  constant  state  of  motion,  and 
the  direction  of  these  movements  has  been  carefully  investigated  by  Mr, 
Carrington  and  others,  no  such  general  direction  is  detected ;  and  M.  Faye, 
who  some  time  ago  wrote  a  paper  pointing  out  many  objections  to  the  theory 
of  solar  heat  being  produced  by  the  fall  of  meteoric  bodies  into  the  sun,  has 
recently  investigated  the  proper  motions  of  sun-spots,  and  believes  he  has  re- 
moved certain  apparent  anomalies  and  reduced  their  motions  to  a  certain  re- 
gularity in  the  motion  of  the  photosphere,  attributable  to  some  general  action 
arising  from  the  internal  mass  of  the  sun. 

It  might  be  expected  that  comets,  bodies  -so  light  and  so  easily  deflected 
from  their  course,  would  show  some  symptoms  of  being  acted  on  by  gravita- 
tion, were  such  a  number  of  bodies  to  exist  in  or  near  their  paths,  as  are 
presupposed  in  the  mechanical  theory  of  solar  heat. 

Assuming  the  undulatory  theory  of  light  to  be  true,  and  that  the  motion 
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which  constitutes  light  is  transmitted  across  the  interplanetary  spaces  by  a 
highly  elastic  ether,  then,  unless  this  motion  is  confined  to  one  direction, 
unless  there  he  no  interference,  unless  there  he  no  viscosity,  as  it  is  now- 
termed,  in  the  medium,  and  consequently  no  friction,  light  most  lose  some- 
thing in  its  progress  from  distant  luminous  bodies,  that  is  to  say,  must  lose 
something  as  light ;  for,  as  all  reflecting  minds  are  now  convinced  that  force 
cannot  he  annihilated,  the  force  is  not  lost,  hut  its  mode  of  action4s~ehanged. 
If  light,  then,  is  lost  as  light  (and  the  observations  of  Strove*  seem  to  show  this 
to  he  so,  that,  in  fact,  a  star  maybe  so  far  distant  that  it  can  never  he  seen  in 
consequence  of  its  luminous  emissions  becoming  extinct),  what  becomes  of  the 
transmitted  force  lost  as  light,  but  existing  in  some  other  form?  So  with 
heat:  our  sun,  our  earth,  and  planets  are  constantly  radiating  heat  into 
space,  so  in. all  probability  are  the  other  suns,  the  stars,  and  their  attendant 
planets.  What  becomes  of  the  heat  thus  radiated  into  space  ?  If  the  uni- 
verse have  no  limit,  and  it  is  difficult  to  conceive  one,  heat  and  light  should 
be  everywhere  uniform ;  and  yet  more  is  given  off  than  is  received  by  each 
cosmical  body,  for  otherwise  night  would  be  as  light  and  as  warm  as  day. 
What  becomes  of  the  enormous  force  thus  apparently  non-recurrent  in  the 
same  form?  Does  it  return  as  palpable  motion?  Does  it  move  or  contri- 
bute to  move  suns  and  planets  ?  and  can  it  be  conceived  as  a  force  similar  to 
that  which  Newton  speculated  on  as  universally  repulsive  and  capable  of 
being  substituted  for  universal  attraction  ?  We  are  in  no  position  at  present 
to  answer  such  questions  as  these ;  but  I  know  of  no  problem  in  celestial 
dynamics  more  deeply  interesting  than  this,  and  we  may  be  no  further  re- 
moved from  its  solution  than  the  predecessors  of  Newton  were  from  the 
simple  dynamical  relation  of  matter  to  matter  which  that  potent  intellect 
detected  and  demonstrated. 

Passing  from  extraterrestrial  theories  to  the  narrower  field  of  molecular 
physics,  we  find  the  doctrine  of  correlation  of  forces  steadily  making  its  way. 
In  the  Bakerian  Lecture  for  1863  Mr.  Sorby  shows,  not  perhaps  a  direct 
correlation  of  mechanical  and  chemical  forces,  but  that  when,  either  by  solu- 
tion or  by  chemical  action,  a  change  in  volume  of  the  resulting  substance  as 
compared  with  that  of  its  separate  constituents  is  effected,  the  action  of 
pressure  retards  or  promotes  the  change,  according  as  the  substance  formed 
would  occupy  a  larger  or  a  smaller  space  than  that  occupied  by  its  separate 
constituents ;  the  application  of  these  experiments  to  geological  inquiries  as  to 
subterranean  changes  which  may  have  taken  place  under  great  pressure  is 
obvious,  and  we  may  expect  to  form  compounds  under  artificial  compression 
which  cannot  be  found  under  normal  pressure. 

In  a  practical  point  of  view  the  power  of  converting  one  mode  of  force  into 
another  is  of  the  highest  importance,  and  with  reference  to  a  subject  which 
at  present,  somewhat  prematurely  perhaps,  occupies  men's  minds,  viz.  the 
prospective  exhaustion  of  our  coal-fields,  there  is  every  encouragement  de- 
rivable from  the  knowledge  that  we  can  at  will  produce  heat  by  the  expendi- 
ture of  other  forces ;  but,  more  than  that,  we  may  probably  be  enabled 
to  absorb  or  store  up  as  it  were  diffused  energy — for  instance,  Berthelot  has 
found  that  the  potential  energy  of  formate  of  potash  is  much  greater  than  that 
of  its  proximate  constituents,  caustic  potash  and  carbonic  oxide.  This  change 
may  take  place  spontaneously  and  at  ordinary  temperatures,  and  by  such 
change  carbonic  oxide  becomes,  so  to  speak,  reinvested  with  the  amount  of 
potential  energy  which  its  carbon  possessed  before  uniting  with  oxygen,  or, 
in  other  words,  the  carbonic  oxide  is  raised  as  a  force-possessor  to  the  place  of 
carbon  by  the  direct  absorption  or  conversion  of  heat  from  surrounding  matter. 


■  — H 


ADDRESS.  I.XV 

Here  we  have,  as  to  force-absorption,  an  analogous  result  to  that  of  the  for- 
mation of  coal  from  carbonic  acid  and  water ;  and  though  this  is  a  mere  illus- 
tration, and  may  never  become  economical  on  a  large  scale,  still  it  and  similar 
examples  may  calm  apprehension  as  to  future  means,  of  supplying  heat, 
should  our  present  fuel  become  exhausted.  As  the  sun's  force,  spent  in 
times  long  past,  is  now  returned  to  us  from  the  coal  which  was  formed  by  that 
light  and  heat,  so  the  sun's  rays,  which  are  daily  wasted,  as  far  as  we  are 
concerned,  on  the  sandy  deserts  of  Africa,  may  hereafter,  by  chemical  or 
mechanical  means,  be  made  to  light  and  warm  the  habitations  of  the  denizens 
of  colder  regions.  The  tidal  wave  is,  again,  a  large  reservoir  of  force  hitherto 
almost  unused. 

The  valuable  researches  of  Prof.  Tyndall  on  radiant  heat  afford  many  in* 
stances  of  the  power  of  localizing,  if  the  term  bo  permitted,  heat  which  would 
otherwise  be  dissipated. 

The  discoveries  of  Graham,  by  which  atmospheric  air,  drawn  through  films 
of  caoutchouc,  leaves  behind  half  its  nitrogen,  or,  in  other  words,  becomes 
richer  by  half  in  oxygen,  and  hence  has  a  much  increased  potential  energy, 
not  only  show  a  most  remarkable  instance  of  physical  molecular  action, 
merging  into  chemical,  but  afford  us  indications  of  means  of  storing  up  force, 
much  of  the  force  used  in  working  the  aspirator  being  capable  at  any 
period,  however  remote,  of  being  evolved  by  burning  the  oxygen  with  a  com- 
bustible. 

What  changes  may  take  place  in  our  modes  of  applying  force  before  the 
coal-fields  are  exhausted  it  is  impossible  to  predict.  Even  guesses  at  the 
probable  period  of  their  exhaustion  are  uncertain.  There  is  a  tendency  to 
substitute  for  smelting  in  mctallurgic  processes,  liquid  chemical  action,  which 
of  course  has  the  effect  of  saving  fuel ;  and  the  waste  of  fuel  in  ordinary 
operations  is  enormous,  and  can  be  much  economized  by  already  known  pro- 
cesses. It  is  true  that  we  are,  at  present,  far  from  seeing  a  practical  modo 
of  replacing  that  granary  of  force  the  coal-fields ;  but  we  may  with  confidence 
rely  on  invention  being  in  this  case,  as  in  others,  born  of  necessity,  when 
the  necessity  arises. 

I  will  not  further  pursue  this  subject ;  at  a  time  when  science  and  civiliza- 
tion cannot  prevent  large  tracts  of  country  being  irrigated  by  human  blood  in 
order  to  gratify  the  ambition  of  a  few  restless  men,  it  seems  an  over-refined 
sensibility  to  occupy  ourselves  with  providing  means  for  our  descendants 
in  the  tenth  generation  to  warm  their  dwellings  or  propel  their  locomo- 
tives. 

Two  very  remarkable  applications  of  the  convertibility  of  force  have  been 
recently  attained  by  the  experiments  of  Mr.  Wilde  and  Mr.  Holz ;  the  former 
finds  that,  by  conveying  electricity  from  the  coils  of  a  magneto-electric  ma- 
chine to  an  electro-magnet,  a  considerable  increase  of  electrical  power  may 
be  attained,  and  by  applying  this  as  a  magneto-electric  machine  to  a  second, 
and  this  in  turn  to  a  third  electro-magnetic  apparatus,  the  force  is  largely 
augmented.  Of  course,  to  produce  this  increase,  more  mechanical  force  must 
be  nsed  at  each  step  to  work  the  magneto-electric  machines ;  but  provided 
this  be  supplied  there  hardly  seems  a  limit  to  the  extent  to  which  mechanical 
may  be  converted  into  electrical  force. 

Mr.  Holz  has  contrived  a  Franklinic  electrical  machine,  in  which  a  similar 
principle  is  manifested.  A  varnished  glass  plate  is  made  to  revolve  in  close 
proximity  to  another  plate  having  two  or  more  pieces  of  card  attached,  which 
are  electrified  by  a  bit  of  rubbed  glass  or  ebonite ;  the  moment  this  is  effected 
a  resistance  is  felt  by  the  operator  who  turns  the  handle  of  the  machine^  and 

1866,  e 


Ixvi  KEPOKT — 1866. 

the  slight  temporary  electrization  of  the  card  converts  into  a  continuous 
flood  of  intense  electricity  the  force  supplied  by  the  arm  of  the  operator. 

These  results  offer  great  promise  of  extended  application ;  they  show  that, 
by  a  mere  formal  disposition  of  matter,  one  force  can  be  converted  into  an- 
other, and  that  not  to  the  limited  extent  hitherto  attained,  but  to  an  extent 
coordinate,  or  nearly  so,  with  the  increased  initial  force,  so  that,  by  a  mere 
change  in  the  arrangement  of  apparatus,  a  means  of  absorbing  and  again 
eliminating  in  a  new  form  a  given  force  may  be  obtained  to  an  indefinite 
extent.  As  we  may,  in  a  not  very  distant  future,  need,  for  the  daily  uses  of 
mankind,  heat,  light,  and  mechanical  force,  and  find  our  present  resources 
exhausted,  the  more  we  can  invent  new  modes  of  conversion  of  forces,  the 
more  prospect  we  have  of  practically  supplying  such  want  It  is  but  a  month 
from  this  time  that  the  greatest  triumph  of  force-conversion  has  been  attained. 
The  chemical  action  generated  by  a  little  salt  water  on  a  few  pieces  of  nno 
will  now  enable  us  to  converse  with  inhabitants  of  the  opposite  hemisphere 
of  this  planet,  and 

"  Put  a  girdle  round  about  the  earth  in  forty  minutes." 

The  Atlantic  Telegraph  is  an  accomplished  fact. 

In  physiology  very  considerable  strides  are  being  made  by  studying  the 
relation  of  organized  bodies  to  external  forces ;  and  this  branch  of  inquiry  has 
been  promoted  by  the  labours  of  Carpenter,  Bence  Jones,  Playfair,  E.  Smith, 
Frankland,  and  others.  Yegetables  acted  on  by  light  and  heat,  decompose 
water,  ammonia,  and  carbonic  acid,  and  transform  them  into,  among  other 
substances,  oxalate  of  lime,  lactic  acid,  Btarch,  sugar,  stearine,  urea,  and 
ultimately  albumen ;  while  the  animal  reverses  the  process,  as  does  vegetable 
decay,  and  produces  from  albumen,  urea,  stearine,  sugar,  starch,  lactic  acid, 
oxalate  of  lime,  and  ultimately  ammonia,  water,  and  carbonic  acid. 

As,  moreover,  heat  and  light  are  absorbed,  or  converted  in  forming  the  syn- 
thetic processes  going  on  in  the  vegetable,  so  conversely  heat  and  sometimes 
light  is  given  off  by  the  living  animal ;  but  it  must  not  be  forgotten  that  the 
line  of  demarcation  between  a  vegetable  and  an  animal  is  difficult  to  draw, 
that  there  are  no  single  attributes  which  are  peculiar  to  either,  and  that  it  is 
only  by  a  number  of  characteristics  that  either  can  be  defined. 

The  series  of  processes  above  given  may  be  simulated  by  the  chemist  in 
his  laboratory;  and  the  amount  of  labour  which  a  man  has  undergone  in  the 
course  of  twenty-four  hours  may  be  approximately  arrived  at  by  an  exami- 
nation of  the  chemical  changes  which  have  taken  place  in  his  body,  changed 
forms  in  matter  indicating  the  anterior  exercise  of  dynamical  force.  That 
muscular  action  is  produced  or  supported  by  chemical  change  would  probably 
now  be  a  generally  accepted  doctrine ;  but  while  many  have  thought  that 
muscular  power  is  derived  from  the  oxidation  of  albuminous  or  nitrogenized 
substances,  several  recent  researches  seem  to  show  that  the  latter  is  rather 
an  accompaniment  than  a  cause  of  the  former,  and  that  it  is  by  the  oxidation 
of  carbon  and  hydrogen  compounds  that  muscular  force  is  supplied.  Tranbe 
has  been  prominent  in  advancing  this  view,  and  experiments  detailed  in 
a  paper  published  this  year  by  two  Swiss  professors,  Drs.  Fick  and  Wislicenus, 
which  were  made  by  and  upon  themselves  in  an  ascent  of  the  Eaulhorn,  have 
gone  far  to  confirm  it.  Having  fed  themselves  before  and  during  the  ascent, 
upon  starch,  fat,  and  sugar,  avoiding  all  nitrogenized  compounds,  they  found 
that  the  consumption  of  such  food  was  amply  sufficient  to  supply  the  force 
necessary  for  their  expedition,  and  that  they  felt  no  exhaustion.  By  appro- 
priate chemical  examination  they  ascertained  that  there  was  no  notable 


ADDRESS.  lxvii 

increase  in  the  oxidation  of  the  nitrogenized  constituents  of  the  body.  After 
calculating  the  mechanical  equivalents  of  the  combustion  effected,  they  then 
state,  as  their  first  conclusion,  that  "  The  burning  of  protein  substances  cannot 
be  the  only  source  of  muscular  power,  for  we  have  here  two  cases  in  which 
men  performed  more  measurable  work  than  the  equivalent  of  the  amount  of 
heat,  which,  taken  at  a  most  absurdly  high  figure,  could  be  calculated  to 
result  from  the  burning  of  the  albumen." 

They  further  go  on  to  state  that,  so  far  from  the  oxidation  of  albuminous 
substances  being  the  only  source  of  muscular  power,  "  the  substances  by  the 
burning  of  which  force  is  generated  in  the  muscles,  are  not  the  albuminous 
constituents  of  those  tissues,  but  non-nitrogenous  substances,  either  fats  or 
hydrates  of  carbon,'9  and  that  the  burning  of  albumen  is  not  in  any  way 
concerned  in  the  production  of  muscular  power. 

We  must  not  confuse  the  question  of  the  food  which  forms  and  repairs 
muscle  and  gives  permanent  capability  of  muscular  force  with  that  which  sup- 
plies the  requisites  for  temporary  activity ;  no  doubt  the  carnivora  are  the 
most  powerfully  constituted  animals,  but  the  Chamois,  Gazelle,  &c,  have  great 
temporary  capacity  for  muscular  exertion,  though  their  food  is  vegetable ;  for 
concentrated  and  sustained  energy,  however,  they  do  not  equal  the  carnivora ; 
and  with  the  domestic  graminivora  we  certainly  find  that  they  are  capable  of 
performing  more  continuous  work  when  supplied  with  those  vegetables  which 
contain  the  greatest  quantity  of  nitrogen. 

These  and  many  similar  classes  of  research  show  that  in  chemical  in- 
quiries, as  in  other  branches  of  science,  we  are  gradually  relieving  ourselves 
of  hypothetical  existences,  which  certainly  had  the  advantage  that  they  might 
be  varied  to  suit  the  requirements  of  the  theorist. 

Phlogiston,  as  Lavoisier  said  with  a  sneer,  was  sometimes  heavy,  sometimes 
light ;  sometimes  fire  in  a  free  state,  sometimes  combined ;  sometimes  passing 
through  glass  vessels,  sometimes  retained  by  them ;  which  by  its  protean 
changes  explained  causticity  and  non-causticity,  transparency  and  opacity, 
colours  and  their  absence.  As  phlogiston  and  similar  creations  of  the  mind 
have  passed  away,  so  with  hypothetic  fluids,  imponderable  matters,  specific 
ethers,  and  other  inventions  of  entities  made  to  vary  according  to  the  re- 
quirements of  the  theorist,  I  believe  the  day  is  approaching  when  these  will 
be  dispensed  with,  and  when  the  two  fundamental  conceptions  of  matter  and 
motion  will  be  found  sufficient  to  explain  physical  phenomena. 

The  facts  made  known  to  us  by  geological  inquiries,  while  on  the  one 
hand  they  afford  striking  evidence  of  continuity,  on  the  other,  by  the  breaks 
in  the  record,  may  be  used  as  arguments  against  it.  The  great  question 
once  was,  whether  these  chasms  represent  sudden  changes  in  the  formation 
of  the  earth's  crust,  or  whether  they  arise  from  dislocations  occasioned  since 
the  original  deposition  of  strata  or  from  gradual  shifting  of  the  areas  of  sub- 
mergence. Few  geologists  of  the  present  day  would,  I  imagine,  not  adopt 
the  latter  alternatives.  Then  comes  a  second  question,  whether,  when  the 
geological  formation  is  of  a  continuous  character,  the  different  characters  of 
the  fossils  represent  absolutely  permanent  varieties,  or  may  be  explained  by 
gradual  modifying  changes. 

Prof.  Ansted,  summing  up  the  evidence  on  this  head  as  applied  to  one 
division  of  stratified  rocks,  writes  as  follows : — "  Paleontologists  have  endea- 
voured to  separate  the  Lias  into  a  number  of  subdivisions,  by  the  Ammonites, 
groups  of  species  of  those  shells  being  characteristic  of  different  zones.  The 
evidence  on  this  point  rests  on  the  assumption  of  specific  differences 
being  indicated  by  permanent  modifications  of  the  structure  of  the  shell. 
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But  it  is  quite  possible  that  these  may  mean  nothing  more  than  would  be  due 
to  some  change  in  the  conditions  of  existence.  Except  between  the  Marl- 
stone  and  the  Upper  lias  there  is  really  no  palaeontological  break,  in  the 
proper  sense  of  the  words ;  alterations  of  form  and  size  consequent  on  the 
occurrence  of  circumstances  more  or  less  favourable,  migration  of  species,  and 
other  well-known  causes  sufficiently  account  for  many  of  those  modifications 
of  the  form  of  the  shell  that  have  been  taken  as  specific  marks.  This  view  is 
strengthened  by  the  fact  that  other  shells  and  other  organisms  generally 
show  no  proof  of  a  break  of  any  importance  except  at  the  point  already 
alluded  to." 

But,  irrespectively  of  another  deficiency  in  the  geological  record,  which  will 
be  noticed  presently,  the  physical  breaks  in  the  stratification  make  it  next  to 
impossible  to  fairly  trace  the  order  of  succession  of  organisms  by  the  evidence 
afforded  by  their  fossil  remains.  Thus  thero  are  nine  great  breaks  in  the 
Palaeozoic  series,  four  in  the  Secondary,  and  one  in  the  Tertiary,  besides  those 
between  Palaeozoic  and  Secondary  and  Secondary  and  Tertiary  respectively. 
Thus  in  England  there  are  sixteen  important  breaks  in  the  succession  of  strata, 
together  with  a  number  of  less  important  interruptions.  But  although  these 
breaks  exist,  we  find  pervading  the  works  of  many  geologists  a  belief,  re- 
sulting from  the  evidence  presented  to  their  minds,  sometimes  avowed, 
sometimes  unconsciously  implied,  that  the  succession  of  species  bears  some 
definite  relation  to  the  succession  of  strata.  Thus  Prof.  Bamsay  says 
that  "  in  cases  of  superposition  of  fossiliferous  strata,  in  proportion  as  the 
species  are  more  or  less  continuous,  that  is  to  say,  as  the  break  in  the  suc- 
cession of  life  is  partial  or  complete,  so  was  the  time  that  elapsed  between 
the  close  of  the  lower  and  the  commencement  of  tho  upper  strata  a  shorter  or  a 
longer  interval.  The  break  in  life  may  be  indicated  not  only  by  a  difference 
in  species,  but  yet  more  importantly  by  the  absence  of  older  and  appearance 
of  newer  allied  or  unallied  genera." 

Indications  of  the  connexion  between  cosmical  studies  and  geological  re- 
searches are  dawning  on  us :  there  is,  for  instance,  some  reason  to  believe  that 
we  can  trace  many  geological  phenomena  to  our  varying  rotation  round  the 
sun ;  thus  more  than  thirty  years  ago  Sir  J.  Herschel  proposed  an  explanation 
of  the  changes  of  climate  on  the  earth's  surface  as  evidenced  by  geological 
phenomena,  founded  on  the  changes  of  excentricity  in  the  earth's  orbit. 

He  said  he  had  entered  on  the  subject  "  impressed  with  the  magnificence 
of  that  view  of  geological  revolutions  which  regards  them  rather  as  regular 
and  necessary  efforts  of  great  and  general  causes,  than  as  resulting  from  a 
series  of  convulsions  and  catastrophes  regulated  by  no  laws  and  reducible  to 
no  fixed  principles." 

As  the  mean  distance  of  tho  earth  from  the  sun  is  nearly  invariable, 
it  would  seem  at  first  sight  that  the  mean  annual  supply  of  light  and  heat 
received  by  the  earth  would  also  be  invariable ;  but  according  to  his  calcula- 
tions it  is  inversely  proportional  to  the  minor  axis  of  the  orbit :  this  would 
give  less  heat  when  the  excentricity  of  the  earth's  orbit  is  approaching  to- 
wards or  at  its  minimum.  Mr.  Croll  has  recently  shown  reason  to  believe 
that  the  climate,  at  all  events  in  the  circumpolar  and  temperate  zones  of 
the  earth,  would  depend  on  whether  the  winter  of  a  given  region  occurred 
when  the  earth  at  its  period  of  greatest  excentricity  was  in  aphelion  or 
perihelion — if  the  former,  the  annual  average  of  temperature  would  be  lower ; 
if  the  latter,  it  would  be  higher  than  when  the  excentricity  of  the  earth's 
orbit  were  less  or  approached  more  nearly  to  a  circle.  He  calculates  the 
difference  in  the  amount  of  heat  at  the  period  of  maximum  excentricity  of  the 
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earth's  orbit  to  be  as  19  tos26,  according  as  the  winter  would  take  place  when 
the  earth  was  in  aphelion  or  in  perihelion.  His  reason  may  he  briefly  stated 
thus :  assuming  the  mean  annual  heat  to  be  the  same,  whatever  the  execn- 
tricity  of  orbit,  yet  if  the  extremes  of  heat  and  cold  in  winter  and  summer 
be  greater,  a  colder  climate  will  prevail,  for  there  will  bo  more  snow  and  ice 
accumulated  in  the  cold  winter  than  the  hot  summer  can  molt — a  result,  aided 
by  the  shelter  from  the  sun's  rays,  produced  by  the  vapour  suspended  in 
consequence  of  the  aqueous  evaporation ;  hence  we  should  get  glacial  periods, 
when  the  orbit  of  the  earth  is  at  its  greatest  excen tricity,  at  those  parts  of  the 
earth's  surface  where  it  is  winter  when  the  earth  is  in  aphelion  ;  carboni- 
ferous or  hot  periods  where  it  is  winter  in  perihelion  ;  and  normal  or  tem- 
perate periods  when  the  excentricity  of  orbit  is  at  a  minimum ;  all  these  would 
gradually  slide  into  each  other,  and  would  produce  at  long  distant  periods 
alternations  of  cold  and  heat,  several  of  which  we  actually  observe  in  geo- 
logical records. 

If  this  theory  be  borne  out,  we  should  approximate  to  a  test  of  the  time 
which  has  elapsed  between  different  geological  epochs.  Mr.  Croll's  compu- 
tation of  this  would  make  it  certainly  not  less  than  100,000  years  since  the 
last  glacial  epoch,  a  time  not  very  long  in  geological  chronology — probably  it 
is  much  more. 

When  we  compare  with  the  old  theories  of  the  earth,  by  which  the 
apparent  changes  on  its  surface  were  accounted  for  by  convulsions  and  . 
cataclysms,  the  modern  view  inaugurated  by  Lyell,  your  former  President,  and 
now,  if  not  wholly,  at  all  events  to  a  great  extent  adopted,  it  seems  strange 
that  the  referring  past  changes  to  similar  causes  to  those  which  are  now  in 
operation  should  have  remained  uninvestigated  until  the  present  century; 
but  with  this,  as  with  other  branches  of  knowledge,  the  most  simple  is  fre- 
quently the  latest  view  which  occurs  to  the  mind.  It  is  much  more  easy  to 
invent  a  Deux  ex  maehind  than  to  trace  out  the  influence  of  slow  continuous 
change;  the  love  of  the  marvellous  is  so  much  more  attractive  than  the 
patient  investigation  of  truth,  that  wo  find  it  to  have  prevailed  almost  uni- 
versally in  the  early  stages  of  science. 

In  astronomy  we  had  crystal  spheres,  cycles,  and  epicycles  ;  in  chemistry 
the  philosopher's  stone,  the  elixir  vit®,  the  archaeus  or  stomach  demon,  and 
phlogiston ;  in  electricity  the  notion  that  amber  possessed  a  soul,  and  that  a 
mysterious  fluid  could  knock  down  a  steeple.  In  geology  a  deluge  or  a  volcano 
was  supplied.  In  palaeontology  a  new  race  was  created  whenever  theory 
required  it :  how  such  new  races  began,  the  theorist  did  not  stop  to  inquire. 

A.  curious  speculator  might  say  to  a  palaeontologist  of  even  recent  date,  in 
the  words  of  Lucretius, 

"  Nam  neque  de  ccelo  cecidisse  animalia  possunt 
Nee  tcrrcstria  do  Bains  exiase  lacunis. 
•  •  •  •  • 

E  nihilo  si  cresccro  possent, 
(Turn)  fiercnt  juvenes  subito  ex  infantibus  parvis, 
E  terraque  exorta  repente  arbusta  salirent ; 
Quorum  nil  fieri  manifestum  est,  omnia  quando 
Paulatim  creaount,  ut  par  eat,  semine  oerto, 
Creacentesque  genua  servant " 

— which  may  be  thus  freely  paraphrased :  "  You  have  abandoned  the  belief 
in  one  primaeval  creation  at  one  point  of  time,  you  cannot  assert  that  an  ele- 
ph  ant  existed  when  the  first  saurians  roamed  over  earth  and  water.  Without, 
then,  in  any  way  limiting  Almighty  power,  if  an  elephant  were  created 
without  progenitors,  the  first  elephant  must,  in  some  way  or  other,  have 


hx  REPOBT— 1866. 

physically  arrived  on  this  earth.  Whence  did  he  come  ?  did  he  fall  from  tho 
sky  (t.  e.  from  the  interplanetary  space)?  did  he  rise  moulded  ont  of  a  mass 
of  amorphous  earth  or  rock  ?  did  he  appear  out  of  the  cleft  of  a  tree  ?  If  he 
had  no  antecedent  progenitors,  some  such  beginning  must  be  assigned  to 
him."  I  know  of  no  scientific  writer  who  has,  since  the  discoveries  of 
geology  have  become  familiar,  ventured  to  present  in  intelligible  terms  any 
definite  notion  of  how  such  an  event  could  have  occurred :  those  who  do  not 
adopt  some  view  of  continuity  are  content  to  say  Qod  willed  it ;  but  would  it 
not  be  more  reverent  and  more  philosophical  to  inquire  by  observation  and 
experiment,  and  to  reason  from  induction  and  analogy,  as  to  the  probabilities 
of  such  frequent  miraculous  interventions  ? 

I  know  I  am  touching  on  delicate  ground,  and  that  a  long  time  may  elapse 
before  that  calm  inquiry  after  truth  which  it  is  the  object  of  associations  like 
this  to  promote  can  be  fully  attained ;  but  I  trust  that  the  members  of  this 
body  are  sufficiently  free  from  prejudice,  whatever  their  opinions  may  be,  to 
admit  an  inquiry  into  the  general  question  whether  what  we  term  species 
are  and  have  been  rigidly  limited,  and  have  at  numerous  periods  been  created 
complete  and  unchangeable,  or  whether,  in  some  mode  or  other,  they  have  not 
gradually  and  indefinitely  varied,  and  whether  the  changes  due  to  the  influ- 
ence of  surrounding  circumstances,  to  efforts  to  accommodate  themselves  to 
surrounding  changes,  to  what  is  called  natural  selection,  or  to  tho  necessity 
of  yielding  to  superior  force  in  the  struggle  for  existence,  as  maintained  by 
our  illustrious  countryman  Darwin,  have  not  so  modified  organisms  as  to 
enable  them  to  exist  under  changed  conditions.  I  am  not  {going  to  put  for- 
ward any  theory  of  my  own,  I  am  not  going  to  argue  in  support  of  any 
special  theory,  but  having  endeavoured  to  show  how,  as  science  advances, 
the  continuity  of  natural  phenomena  becomes  more  apparent,  it  would  be 
cowardice  not  to  present  some  of  the  main  arguments  for  and  against  con- 
tinuity as,  applied  to  the  history  of  organic  beings. 

As  we  detect  no  such  phenomenon  as  the  creation  or  spontaneous  genera- 
tion of  vegetables  and  animals  which  are  large  enough  for  the  eye  to  see 
without  instrumental  assistance,  as  we  have  long  ceased  to  expect  to  find  a 
FlesiosauruB  spontaneously  generated  in  our  fish-pond,  or  a  Pterodactyk  in 
our  pheasant-cover,  the  field  of  this  class  of  research  has  become  identified 
with  the  field  of  the  microscope,  and  at  each  new  phase  the  investigation  ha* 
passed  from  a  larger  to  a  smaller  class  of  organisms.  The  question  whether 
among  the  smallest  and  apparently  the  most  elementary  forms  of  organic 
life  the  phenomenon  of  spontaneous  generation  obtains,  has  recently  formed 
the  subject  of  careful  experiment  and  animated  discussion  in  Franco.  If  it 
could  be  found  that  organisms  of  a  complex  character  were  generated  with- 
out progenitors  out  of  amorphous  matter,  it  might  reasonably  be  argued  that 
a  similar  mode  of  creation  might  obtain  in  regard  to  larger  organisms. 
Although  we  see  no  such  phenomenon  as  the  formation  of  an  animal  such  as 
an  elephant,  or  a  tree  such  as  an  oak,  excepting  from  a  parent  which 
resembles  it,  yet  if  the  microscope  revealed  to  us  organisms,  smaller  but 
equally  complex,  so  formed  without  having  been  reproduced,  it  would  render 
it  not  improbable  that  such  might  have  been  the  case  with  larger  organic 
beings.  The  controversy  between  M.  Pasteur  and  M.  Pouchet  has  led  to  a 
very  close  investigation  of  this  subject,  and  tho  general  opinion  is  that  when 
such  precautions  are  taken  as  exclude  from  the  substance  submitted  to 
experiment  all  possibility  of  germs  from  the  atmosphere  being  introduced, 
as  by  passing  the  air  which  is  to  support  the  life  of  the  animalculm  through 
tubes  heated  to  redness  and  other  precautions,  no  formation  of  organisms 
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takes  place.  Some  experiments  of  Dr.  Child's,  communicated  to  the  lloyal 
Society  daring  the  last  year,  again  throw  doubt  on  the  negative  results 
obtained  by  M.  Pasteur ;  so  that  the  question  may  be  not  finally  determined, 
bat  the  balance  of  experiment  and  opinion  is  against  spontaneous  generation. 

One  argument  presented  by  M.  Pasteur  is  well  worthy  of  remark,  viz.  that 
in  proportion  as  oar  means  of  scrutiny  become  more  searching,  heterogeny, 
or  the  development  of  organisms  without  generation  from  parents  of  similar 
organism,  has  been  gradually  driven  from  higher  to  lower  forms  of  life,  so 
that  if  some  apparent  exceptions  still  exist  they  are  of  the  lowest  and 
simplest  forms,  and  these  exceptions  may  probably  be  removed,  as  M.  Pasteur 
considers  he  has  removed  them,  by  a  more  searching  investigation. 

If  it  be  otherwise,  if  heterogeny  obtains  at  all,  all  will  now  admit  that  at 
present  the  result  of  the  most  careful  experiments  shows  it  to  be  confined  to 
the  most  simple  organic  structures,  such  as  vibrions  and  bacteria,  and  that  all 
the  progressive  and  more  highly  developed  forms  are,  as  far  as  the  most  en- 
larged experience  shows,  generated  by  reproduction. 

The  great  difficulty  which  is  met  with  at  the  threshold  of  inquiry  into  the 
origin  of  species,  is  the  definition  of  species ;  in  fact  species  can  hardly  be 
denned  without  begging  the  question  in  dispute. 

Thus  if  8peoies  be  said  to  be  a  perseverance  of  type  incapable  of  blending 
itself  with  other  types,  or,  which  comes  nearly  to  the  same  thing,  incapable 
of  producing  by  union  with  other  types  offspring  of  an  intermediate  cha- 
racter which  can  again  reproduce,  we  arrive  at  this  result,  that  whenever 
the  advocate  of  continuity  shows  a  blending  of  what  had  been  hitherto 
deemed  separate  species,  the  answer  is,  they  were  considered  separate  species 
by  mistake,  they  do  not  now  oome  under  the  definition  of  species,  because 
they  interbreed. 

The  line  of  demarcation  is  thus  ex  hypothesi  removed  a  step  further,  so 
that,  unless  the  advocate  of  continuity  can,  on  his  side,  prove  the  whole 
question  in  dispute,  by  showing  that  all  can  directly  or  by  intermediate 
varieties  reproduce,  he  is  defeated  by  the  definition  itself  of  species. 

On  the  other  hand,  if  this,  or  something  in  fact  amounting  to  it,  be  not 
the  definition  of  species — if  it  be  admitted  that  distinct  species  can,  under 
certain  favourable  conditions,  produce  intermediate  offspring  capable  of  re- 
production, then  continuity  in  some  mode  or  other  is  admitted.} 

The  question  then  takes  this  form.  Are  there  species  or  are  there  not  ? 
Is  the  word  to  be  used  as  signifying  a  real,  natural  distinction,  or  as  a  mere 
convenient  designation  applied  to  subdivisions  having  a  permanence  which 
will  probably  outlive  man's  discussions  on  the  subject,  but  not  an  absolute 
fixity?  The  same  question,  in  a  wider  sense,  and  taking  into  consideration 
a  much  longer  time,  would  be  applicable  to  genera  and  families. 

Actual  experiment  has  done  little  to  elucidate  the  question,  nor,  unless  we 
can  suppose  the  experiments  continued  through  countless  generations,  is  it 
likely  to  contribute  mueh  to  its  solution.  We  must  therefore  have  recourse 
to  the  enlarged  experience  or  induction  from  the  faots  of  geology,  palaeon- 
tology, and  physiology,  aided  by  analogy  from  the  laws  of  action  which 
nature  evidences  in  other  departments. 

The  doctrine  of  gradual  succession  is  hardly  yet  formularized,  and  though 
there  are  some  high  authorities  for  certain  modifications  of  such  view,  the 
preponderance  of  authority  would  necessarily  be  on  the  other  side.  Geology 
and  paleontology  are  recent  sciences,  and  we  cannot  tell  what  the  older 
authors  would  have  thought  or  written  had  the  more  recently  discovered 
mots  been  presented  to  their  view.  Authority,  therefore,  does  not  much  help 
as  on  this  question. 
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Geological  discoveries  Beemed,  in  the  early  period  of  the  science,  to  show 
complete  extinction  of  certain  species  and  the  appearance  of  new  ones,  great 
gaps  existing  between  the  characteristics  of  the  extinct  and  the  new  species. 
As  science  advanced,  these  were  more  or  less  filled  np ;  the  apparent  dif- 
ficulty of  admitting  unlimited  modification  of  species  would  seem  to  have 
arisen  from  the  comparison  of  the  extreme  ends  of  the  scale  where  the  inter* 
mediate  links  or  some  of  them  were  wanting. 

To  suppose  a  Zoophyte  the  progenitor  of  a  Mammal,  or  to  suppose  at  some 
particular  period  of  time  a  highly  developed  animal  to  have  come  out  of 
nothing,  or  suddenly  grown  out  of  inorganic  matter,  would  appear  at  first 
sight  equally  extravagant  hypotheses.  As  an  effort  of  Almighty  creative 
power,  neither  of  these  alternatives  presents  more  difficulty  than  the  other; 
but  as  we  have  no  means  of  ascertaining  how  creative  power  worked,  but  by 
an  examination  and  study  of  the  works  themselves,  we  are  not  likely  to  get 
either  side  proved  to  ocular  demonstration.  A  single  phase  in  the  progress 
of  natural  transmutation  would  probably  require  a  term  far  transcending  all 
that  embraced  by  historical  records ;  and  on  the  other  hand,  it  might  be  said, 
sudden  creations,  though  taking  place  frequently,  if  viewed  with  reference  to 
the  immensity  of  time  involved  in  geological  periods,  may  be  so  rare  with 
reference  to  our  experience,  and  so  difficult  of  clear  authentication,  that  the 
non-observation  of  such  instances  cannot  be  regarded  as  absolute  disproof  of 
their  possible  occurrence. 

The  more  the  gaps  between  species  are  filled  up  by  the  discovery  of  inter- 
mediate varieties,  the  stronger  becomes  the  argument  for  transmutation  and 
the  weaker  that  for  successive  creations,  because  the  former  view  then 
becomes  more  and  more  consistent  with  experience,  the  latter  more  discor- 
dant from  it.  As  undoubted  cases  of  variation,  more  or  less  permanent,  from 
given  characteristics,  are  produced  by  the  effects  of  climate,  food,  domestica- 
tion, &c,  the  more  species  are  increased  by  intercalation,  the  more  the  di- 
stinctions slide  down  towards  those  which  are  within  the  limits  of  such 
observed  deviations ;  while  on  the  other  hand,  to  suppose  tho  more  and  more 
frequent  recurrence  of  fresh  creations  out  of  amorphous  matter,  is  a  multipli- 
cation of  miracles  or  special  interventions  not  in  accordance  with  what  wc 
see  of  the  uniform  and  gradual  progress  of  nature,  either  in  the  organic  or 
inorganic  world.  If  we  were  entitled  to  conclude  that  the  progress  of  dis- 
covery would  continue  in  the  same  course,  and  that  species  would  become 
indefinitely  multiplied,  the  distinctions  would  become  infinitely  minute,  and 
all  lines  of  demarcation  would  cease,  the  polygon  would  become  a  circle,  the 
succession  of  points  a  line.  Certain  it  is  that  the  more  we  observe,  the  more 
we  increase  the  subdivision  of  species,  and  consequently  the  number  of  these 
supposed  creations;  so  that  new  creations  become  innumerable,  and  yet  of  these 
we  have  no  one  well-authenticated  instance,  and  in  no  other  observed  opera- 
tion of  nature  have  we  seen  this  want  of  continuity,  these  frequent  peraallum 
deviations  from  uniformity,  each  of  which  is  a  miracle* 

The  difficulty  of  producing  intermediate  offspring  from  what  are  termed 
distinct  species  and  the  infecundity  in  many  instances  of  hybrids  are  used  as 
strong  arguments  against  continuity  of  succession ;  on  the  other  hand,  it 
may  be  said  long-continued  variation  through  countless  generations  has  given 
rise  to  such  differences  of  physical  charaoter,  that  reproduction  is  difficult  in 
some  cases  and  in  others  impossible. 

Suppose,  for  instance*  M  to  represent  a  parent-race  whoso  offspring  by 

"<ssive  changes  through  eons  of  time  have  divaricated,  and  produced  on 

10  hand  a  species  A,  and  on  the  other  a  species  Z,  the  changes  here  have 

to  great  that  we  should  never  expect  directly  to  reproduce  an  interme- 
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diate  between  A  and  Z.  A  and  B  on  the  one  hand,  and  Y  and  Z  on  the 
other,  might  reproduce  ;  but  to  regain  the  original  type  M,  we  must  not  only 
rctrooede  through  all  the  intermediates,  but  must  have  similar  circumstances 
recalled  in  an  inverse  order  at  each  phase  of  retrogression,  conditions  which 
it  is  obviously  impossible  to  fulfil.  But  though  among  the  higher  forms  of 
organic  structure  we  cannot  retrace  the  effects  of  time  and  reproduce  inter- 
mediate types,  yet  among  some  of  the  lower  forms  we  find  it  difficult  to 
assign  any  line  of  specific  demarcation ;  thus  as  a  result  of  the  very  elabo- 
rate and  careful  investigations  of  Dr.  Carpenter  on  Foraminifera,  he  states, 
"  It  baa  been  shown  that  a  very  wide  range  of  variation  exists  among  Orbito- 
lites,  not  merely  as  regards  external  form,  but  also  as  to  plan  of  development ; 
and  not  merely  as  to  the  shape  and  aspect  of  the  entire  organism,  but  also 
with  respect  to  the  size  and  configuration  of  its  component  parts.  It  would 
have  been  easy,  by  selecting  only  the  most  divergent  types  from  amongst  the 
whole  series  of  specimens  which  I  have  examined,  to  prefer  an  apparently 
substantial  claim  on  behalf  of  these  to  be  accounted  as  so  many  distinct 
species.  But  after  having  classified  the  specimens  which  could  be  arranged 
around  these  types,  a  large  proportion  would  yet  have  remained,  either  pre- 
senting characters  intermediate  between  those  of  two  or  more  of  them,  of 
actually  combining  those  characters  in  different  parts  of  their  fabric ;  thus 
showing  that  no  lines  of  demarcation  can  be  drawn  across  any  part  of  the 
series  that  shall  definitely  separate  it  into  any  number  of  groups,  each  cha- 
racterised by  features  entirely  peculiar  to  itself." 
At  the  conclusion  of  his  inquiry  he  states, — 

I.  The  range  of  variation  is  so  great  among  Foraminifera  as  to  include  not 
merely  the  differential  characters  which  systematic  proceeding  upon  the 
ordinary  methods  have  accounted  specific,  but  also  thoso  upon  which  the 
greater  part  of  the  genera  of  this  group  have  been  founded,  and  even  in  some 
instances  those  of  its  orders. 

II.  The  ordinary  notion  of  species  as  assemblages  of  individuals  marked 
out  from  each  other  by  definite  characters  that  have  been  genetically  trans- 
mitted from  original  proto-types  similarly  distinguished,  is  quite  inapplicable 
to  this  group ;  since  even  if  the  limits  of  such  assemblages  were  extended  so 
as  to  include  what  elsewhere  would  be  accounted  genera,  they  would  still  be 
found  so  intimately  connected  by  gradational  links,  that  definite  lines  could 
not  be  drawn  between  them. 

III.  The  only  natural  classification  of  the  vast  aggregate  of  diversified 
forma  which  this  group  contains  will  be  one  which  ranges  them  according  to 
their  direction  and  degree  of  divergence  from  a  small  number  of  principal 
family  types;  and  any  subordinate  grouping  of  genera  and  species  which 
may  be  adopted  for  the  convenience  of  description  and  nomenclature  must 
be  regarded  merely  as  assemblages  of  forms  characterized  by  the  nature  and 
degree  of  the  modifications  of  the  original  type,  which  they  may  have  respec- 
tively acquired  in  the  course  of  genetic  descent  from  a  common  ancestry. 

IV.  Even  in  regard  to  these  family  types  it  may  fairly  bo  questioned 
whether  analogical  evidence  does  not  rather  favour  the  idea  of  their  deriva- 
tion from  a  common  original  than  that  of  their  primitive  distinctness. 

Mr.  H.  Bates,  when  investigating  "  The  Lcpidoptera  of  the  Amazon  Valley," 
may  almost  be  said  to  have  witnessed  the  origin  of  some  species  of  Butterflies, 
so  close  have  been  his  observations  on  the  habits  of  theso  animals  that  have 
led  to  their  variation  and  segregation,  so  closely  do  the  residts  follow  his 
observations,  and  so  great  is  the  difficulty  of  otherwise  accounting  for  any 
of  the  observed  facts. 
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In  the  numerous  localities  of  the  Amazon  region  certain  gregarious  species 
of  Butterfly  (Heliconidea)  swarm  in  incredible  numbers,  almost  outnumbering 
all  the  other  butterflies  in  the  neighbourhood ;  the  species  in  the  different 
localities  being  different,  though  often  to  be  distinguished  by  a  very  alight 
shade. 

In  these  swarms  are  to  be  found,  in  small  numbers,  other  species  of  batter* 
flies  belonging  to  as  many  as  ten  different  genera,  and  even  some  moths ; 
and  these  intruders,  though  they  structurally  differ  in  toto  from  the  swarms 
they  mingle  with,  and  from  one  another,  mimic  the  Heliconides  so  closely  in 
colours,  habits,  mode  of  flight,  &c,  that  it  is  almost  impossible  to  distinguish  the 
intruders  from  those  they  mingle  with.  The  obvious  benefit  of  this  mimicry 
is  safety,  the  intruders  hence  escaping  detection  by  predatory  animals, 

Mr.  Bates  has  extended  his  observations  to  the  habits  of  life,  food,  varia- 
tions, and  geographical  range  of  the  species  concerned  in  these  mimetic  phe- 
nomena, and  finds  in  every  case  corroborative  evidence  of  every  variety  and 
species  being  derivative,  the  species  being  modified  from  place  to  place  to  suit 
the  peculiar  form  of  Heliconidea  stationed  there. 

Mr.  Wallace  has  done  similar  service  to  the  derivative  theory  by  his  obser- 
vations and  writings  on  the  Butterflies  and  Birds  of  the  Malay  Archipelago, 
adducing  instances  of  mimetic  resemblances  strictly  analogous  to  the  above ; 
and  adding  in  further  illustration  a  beautiful  series  of  instances  where  the 
form  of  the  wing  of  the  same  butterfly  is  so  modified  in  various  islets  as  to 
produce  changes  in  their  mode  of  flight  that  tend  to  the  conservation  of  the 
variety  by  aiding  its  escape  when  chased  by  birds  or  predacious  insects. 

He  has  also  adduced  a  multitude  of  examples  of  geographical  and  repre- 
sentative species,  races,  and  varieties,  forming  so  graduated  a  series  as  to 
render  it  obvious  that  they  have  had  a  common  origin. 

The  effect  of  food  in  the  formation  and  segregation  of  races  and  of  certain 
groups  of  insects  has  been  admirably  demonstrated  by  Mr.  B.  D.  Walsh,  of 
North  America. 

Dr.  McDonnell  has  been  led  to  the  discovery  of  a  new  organ  in  electric 
fishes  from  the  application  of  the  theory  of  descent,  and  Dr.  Fritz  Midler 
has  published  numerous  observations  showing  that  organs  of  very  different 
struoture  may,  through  the  operation  of  natural  selection,  acquire  very 
similar  and  even  identical  functions.  Sir  John  Lubbock's  diving  hymeno- 
pterous  insect  affords  a  remarkable  illustration  of  analogous  phenomena ;  it 
dives  by  the  aid  of  its  wings,  and  is  the  only  insect  of  the  vast  order  it  belongs 
to  that  is  at  all  aquatic. 

The  discovery  of  the  Eozoon  is  of  the  highest  importance  in  reference  to 
the  derivative  hypothesis,  occurring  as  it  does  in  strata  that  were  formed 
at  a  period  inconceivably  antecedent  to  the  presupposed  introduction  of  life 
upon  the  globe,  and  displacing  the  argument  derived  from  the  supposition 
that  at  the  dawn  of  life  a  multitude  of  beings  of  high  organisation  were 
simultaneously  developed  (in  the  Silurian  and  Cambrian  strata). 

Professor  A.  De  Gandolle,  one  of  the  most  distinguished  continental  bota- 
nists, has,  to  some  extent,  abandoned  the  tenets  held  in  his '  Geographic 
Botanique,'  and  favours  the  derivative  hypothesis  in  his  paper  on  the  varia- 
tion of  oaks ;  following  up  a  paper,  by  Dr.  Hooker,  on  the  oaks  of  Palestine, 
showing  that  some  sixteen  of  them  are  derivative,  he  avows  his  belief  that 
two-thirds  of  the  300  species  of  this  genus,  which  he  himself  describes,  are 
provisional  only. 

~X  Hooker,  who  had  only  partially  accepted  the  derivative  hypothesis 
mded  before  the  publication  of '  The  Origin  of  Species  through  Natural 
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Peleetion,9  at  the  same  time  declining  the  doctrine  of  special  creation,  has 
since  then  cordially  adopted  the  former,  and  illustrated  its  principles  by 
applying  them  to  the  solution  of  various  botanical  questions :  first,  in  refer- 
ence to  the  flora  of  Australia,  the  anomalies  of  which  he  appears  to  explain 
satisfactorily  by  the  application  of  these  principles  ;  and,  latterly,  in  reference 
to  the  Arctic  flora. 

In  the  case  of  the  Arctic  flora,  he  believes  that  originally  Scandinavian 
types  were  spread  over  the  high  northern  latitudes,  that  these  were  driven 
southwards  during  the  glacial  period,  when  many  of  them  changed  their 
forms  in  the  struggle  that  ensued  with  the  displaced  temperate  plants ;  that 
on  the  returning  warmth,  the  Scandinavian  plants,  whether  changed  or  not, 
were  driven  again  northwards  and  up  to  the  mountains  of  the  temperate 
latitudes,  followed,  in  both  cases,  by  series  of  preexisting  plants  of  the  tern-' 
perate  Alps.  The  result  is  tho  present  mixed  Arctic  flora,  consisting  of  a 
basis  of  more  or  less  changed  and  unchanged  Scandinavian  plants,  associated 
in  each  longitude  with  representatives  of  the  mountain  flora  of  the  more  tem- 
perate regions  to  the  south  of  them. 

The  publication  of  a  previously  totally  unknown  flora,  that  of  the  Alps  of 
tropical  Africa,  by  Dr.  Hooker,  has  afforded  a  multitude  of  facts  that  have 
been  applied  in  confirmation  of  the  derivative  hypothesis.  This  flora  is  found 
to  have  relationships  with  those  of  temperate  Europe  and  North  Africa,  of 
the  Cape  of  Good  Hope,  and  of  the  mountains  of  tropical  Madagascar  and 
Abyssinia,  that  can  be  accounted  for  on  no  other  hypothesis,  but  that  there 
has  been  ancient  climatal  connexion  and  some  coincident  or  subsequent  slight 
changes  of  specific  character. 

The  doctrine  of  Cuvier,  every  day  more  and  more  borne  out  by  observation, 
that  each  organ  bears  a  definite  relation  to  the  whole  of  the  individual,  seems 
to  support  the  view  of  indefinite  variation.  If  an  animal  seeks  its  food  or 
safety  by  climbing  trees,  its  claws  will  become  more  prehensile,  the  muscles 
which  act  upon  those  claws  must  become  more  developed,  the  body  will  become 
agile  by  the  very  exercise  which  is  necessary  to  it,  and  each  portion  of  the 
frame  will  mould  itself  to  the  wants  of  the  animal  by  the  effect  on  it  of  the 
habits  of  the  animal. 

Another  series  of  facts  whioh  present  an  argument  in  favour  of  gradual 
succession,  are  the  phases  of  resemblance  to  inferior  orders  which  the  embryo 
passes  through  in  its  development,  and  the  relations  shown  in  what  is  termed  the 
metamorphosis  of  plants ;  facts  difficult  to  acoount  for  on  the  theory  of  fre- 
quent separate  creations,  but  almost  inevitable  on  that  of  gradual  succession. 
So  also,  the  existence  of  rudimentary  and  effete  organs,  which  must  either  be 
referred  to  a  lumts  nature*  or  to  some  mode  of  continuous  succession. 

The  doctrine  of  typical  nuclei  seems  only  a  mode  of  evading  the  difficulty ; 
experience  does  not  give  us  the  types  of  theory,  and,  after  all,  what  are  these 
types  ?  It  must  be  admitted  there  are  none  such  in  reality  j  how  are  we  led 
to  the  theory  of  them  ?  simply  by  a  process  of  abstraction  from  classified  exist- 
ences. Having  grouped  from  natural  similitudes  certain  forms  into  a  class, 
we  select  attributes  common  to  each  member  of  the  class,  and  call  the  assem- 
blage of  such  attributes  a  type  of  the  class.  This  process  gives  us  an  abstract 
idea,  and  we  then  transfer  this  idea  to  the  Creator,  and  make  Him  start  with 
that  which  our  own  imperfect  generalization  has  derived.  It  seems  to  me 
that  the  doctrine  of  types  is,  in  fact,  a  concession  to  the  theory  of  continuity 
or  indefinite  variability ;  for  the  admission  that  large  groups  have  common 
eharsoters  shews,  necessarily,  a  blending  of  forms  within  the  seope  of  the 
group,  which  supports  the  view  of  each  member  bein£  derive*}  from  some 
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other  member  of  it :  can  it  bo  asserted  that  the  assigned  limits  of  such  groups 
have  a  definite  line  of  demarcation  ? 

The  condition  of  the  earth's  surface  or,  at  least,  of  largo  portions  of  it, 
has  for  long  periods  remained  substantially  the  same ;  this  would  involve  a 
greater  degree  of  fixity  in  the  organisms  which  have  existed  during'  such 
periods  of  little  change  than  in  those  which  have  como  into  being  daring 
periods  of  more  rapid  transition ;  for,  though  rejecting  catastrophes  as  the 
general  modus  agendi  of  nature,  I  am  far  from  saying  that  the  march  of 
physical  changes  has  been  always  perfectly  uniform. 

There  have  been  doubtless  what  may  be  termed  secular  seasons,  and  there 
have  been  local  changes  of  varying  degrees  of  extent  and  permanence ;  from 
such  causes  organized  beings  would  be  more  concentrated  in  certain  direc- 
tions than  in  others,  the  fixity  of  character  being  in  the  ratio  of  the  fixity 
of  condition.  This  would  throw  natural  forms  into  certain  groups  which 
would  be  more  prominent  than  others,  like  the  colours  of  the  rainbow,  which 
present  certain  predominant  tints  though  they  merge  into  each  other  by 
insensible  gradations. 

While  the  ovidenco  seems  daily  becoming  stronger  in  favour  of  a  derivative 
hypothesis  as  applied  to  tho  succession  of  organic  beings,  we  aro  far  removed 
from  anything  like  a  sufficient  number  of  facts  to  show  that,  at  all  events 
within  tho  existing  geological  periods  capable  of  being  investigated,  there 
has  been  any  great  progression  from  a  simpler  or  more  embryonic  to  a  more 
complex  type. 

Prof.  Huxley,  though  inclined  to  the  derivative  hypothesis,  shows,  in  the 
concluding  portion  of  his  address  to  the  Geological  Society,  1862,  a  great 
number  of  cases  in  which,  though  there  is  abundant  evidence  of  variation, 
there  is  none  of  progression.  There  are,  however,  several  groups  of  Vertebrata 
in  which  tho  endoskeleton  of  the  older  presents  a  less  ossified  condition 
than  that  of  tho  younger  genera.  He  cites  the  Devonian  Ganoids,  the  Meso- 
zoic  Lcpidostcidte,  tho  Palaeozoic  Sharks,  and  the  more  ancient  Crocodilia 
and  Lacertilia,  and  particularly  tho  Pycnodonts  and  Labyrinthodonts,  as 
instances  of  this  when  compared  with  their  more  recent  representatives. 

Tho  records  of  life  on  the  globe  may  have  been  destroyed  by  the  fusion  of 
the  rocks,  which  would  otherwise  have  preserved  them,  or  by  crystallisation 
after  hydrothermal  action.  The  earlier  forms  may  have  existed  at  a  period 
when  this  planet  was  in  course  of  formation,  or  being  segregated  or 
ddtached  from  other  worlds  or  systems.  We  have  not  evidence  enough  to 
speculate  on  tho  subject,  but  by  time  and  patience  we  may  acquire  it 

Were  all  tho  forms  which  have  existed  embalmed  in  reck,  the  question 
would  be  solved  ;  but  what  a  small  proportion  of  extinct  forms  is  so  preserved, 
and  must  be,  if  we  consider  the  circumstances  necessary  to  fossilise  organic 
remains.  On  the  dry  land,  unwashed  by  rivers  and  seas,  when  an  animal 
or  plant  dies,  it  undergoes  chemical  decomposition  which  changes  its  form ;  it 
is  consumed  by  insects,  its  skeleton  is  oxidized  and  crumbles  into  dust.  Of 
tho  myriads  of  animals  and  vegetables  which  annually  perish,  we  find  hardly 
an  instance  of  a  relio  so  preserved  as  to  be  likely  to  become  a  permanent 
fossil.  So  again  in  the  deeper  ports  of  the  ocean,  or  of  the  larger  lakes,  the  few 
fish  there  ore  perish  and  their  remains  sink  to  the  bottom,  and  are  there  fre- 
quently consumed  by  other  marine  or  lacustrine  organisms  or  chemically  de- 
composed. As  a  general  rule,  it  is  only  when  the  remains  are  silted  up  by 
marine,  fluviutilo  or  lacustrine  sediments  that  the  remains  are  preserved. 
Geology  therefore  might  be  expected  to  keep  for  us  mainly  such  organic 
retains  as  inhabited  deltas  or  the  margins  of  seas,  lakes,  or  rivers;  here 
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and  there  an  exception  may  occur,  bat  the  mass  of  preserved  relics  would  be 
those  of  creatures  so  situated :  and  so  we  find  it,  the  bulk  of  fossil  remains 
consists  of  fish  and  amphibia,  shell-fish  form  the  major  part  of  the  geological 
museum,  limestone  and  chalk  rocks  frequently  consisting  of  little  else  than 
a  congeries  of  fossil  shells.  Plants  of  reed  or  rush-like  character,  fish  which 
arc  capable  of  inhabiting  shallow  waters,  and  saurian  animals  form  another 
large  portion  of  geological  remains. 

Compare  the  shell-fish  and  amphibia  of  existing  organisms  with  the  other 
forms,  and  what  a  small  proportion  they  supply ;  compare  the  shell-fish  and 
amphibia  of  Paleontology  with  the  other  forms,  and  what  an  overwhelming 
majority  they  yield. 

There  is  nothing,  as  Prof.  Huxley  has  remarked,  like  an  extinct  order  of 
Birds  or  Mammals,  only  a  few  isolated  instances.  It  may  be  said  the  ancient 
world  possessed  a  larger  proportion  of  fish  and  amphibia,  and  was  more 
suited  to  their  existence.  1  see  no  reason  for  believing  this,  at  least  to  any- 
thing like  the  extent  contended  for ;  the  fauna  and  flora  now  in  course  of 
being  preserved  for  future  ages  would  give  the  same  idea  to  our  successors. 

Crowded  as  Europe  is  with  cattle,  birds,  insects,  &c,  how  few  are  geologi- 
cally preserved  !  while  the  muddy  or  sandy  margins  of  the  ocean,  the 
estuaries,  and  deltas  are  yearly  accumulating  numerous  Crustacea  and  mol- 
luscs, with  some  fishes  and  reptiles,  for  the  study  of  future  palaeontologists. 

If  this  position  be  right,  then,  notwithstanding  the  immense  number  of  pre- 
served fossils,  there  must  have  lived  an  immeasurably  larger  number  of  unpre- 
served  organic  beings,  so  that  the  chance  of  filling  up  the  missing  links,  except 
in  occasional  instances,  is  very  slight.  Yet  where  circumstances  have  remained 
suitable  for  their  preservation,  many  closely  connected  species  are  preserved — • 
in  other  words,  while  the  intermediate  types  in  certain  eases  are  lost,  in 
others  they  exist.  The  opponents  of  continuity  lay  all  stress  on  the  lost  and 
none  on  the  existing  links. 

But  there  is  another  difficulty  in  the  way  of  tracing  a  given  organism  to 
its  parent  form,  which,  from  our  conventional  mode  of  tracing  genealogies,  is 
never  looked  upon  in  its  proper  light. 

Where  are  we  to  look  for  the  remote  ancestor  of  a  given  form  ?  Each  of 
us,  supposing  none  of  our  progenitors  to  have  intermarried  with  relatives, 
would  havo  had  at  or  about  the  period  of  the  Norman  Conquest  upwards 
of  a  hundred  million  direct  ancestors  of  that  generation,  and  if  we  add  the 
intermediate  ancestors,  double  that  number.  As  each  individual  has  a  male 
and  female  parent,  we  have  only  to  multiply  by  two  for  each  thirty  years, 
the  average  duration  of  a  generation,  and  it  will  give  the  abovo  result. 

Let  any  one  assume  that  one  of  his  ancestors  at  the  time  of  the  Norman 
Conquest  was  a  Moor,  another  a  Celt,  and  a  third  a  Laplander,  and  that 
these  three  were  preserved  while  all  the  others  were  lost,  he  would  never 
recognize  either  of  them  as  his  ancestor,  he  would  only  have  the  one-hundred 
millionth  of  the  blood  of  each  of  them,  and  as  far  as  they  were  concerned 
there  would  be  no  perceptible  sign  of  identity  of  race. 

But  the  problem  is  more  complex  than  that  which  I  have  stated ;  at  the 
time  of  the  Conquest  there  were  hardly  a  hundred  million  people  in  Europe, 
it  follows  that  a  great  number  of  the  ancestors  of  the  propositus  must  have 
intermarried  with  relations,  and  then  the  pedigree,  going  back  to  the  timo  of 
the  Conquest,  instead  of  being  represented  by  diverging  lines,  would  form  a 
network  so  tangled  that  no  skill  could  unravel  it ;  the  law  of  probabilities 
would  indicate  that  any  two  people  in  the  same  country,  taken  at  hazard, 
would  not  havo  many  generations  to  go  back  before  they  would  find  a 
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common  ancestor,  who  probably,  could  they  have  seen  him  or  her  in  the  life, 
had  no  traceable  resemblance  to  either  of  them.  Thus  two  animals  of  a  very 
different  form,  and  of  what  would  be  termed  very  different  species,  might 
have  a  common  geological  ancestor,  and  yet  the  skill  of  no  comparative 
anatomist  could  trace  the  descent. 

From  the  long  continued  conventional  habit  of  tracing  pedigrees  through 
the  male  ancestor,  we  forget  in  talking  of  progenitors  that  each  individual 
has  a  mother  as  well  as  a  father,  and  there  is  no  reason  to  suppose  that  he 
has  in  him  less  of  the  blood  of  the  one  than  of  the  other. 

The  recent  discoveries  in  paleontology  show  us  that  Man  existed  on  this 
planet  at  an  epoch  far  anterior  to  that  commonly  assigned  to  him.  The 
instruments  connected  with  human  remains,  and  indisputably  the  work  of 
human  hands,  show  that  to  these  remote  periods  the  term  civilisation  could 
hardly  be  applied — chipped  flints  of  the  rudest  construction,  probably,  in  the 
earlier  cases,  fabricated  by  holding  an  amorphous  flint  in  the  hand  and 
chipping  off  portions  of  it  by  striking  it  against  a  larger  stone  or  rock ;  then, 
as  time  suggested  improvements,  it  would  be  more  carefully  shaped,  and 
another  stone  used  as  a  tool ;  then  (at  what  interval  we  can  hardly  guess)  it 
would  be  ground,  then  roughly  polished,  and  so  on, — subsequently  bronse 
weapons,  and,  nearly  the  last  before  we  come  to  historical  periods,  iron.  Such 
an  apparently  simple  invention  as  a  wheel  must,  in  all  probability,  have  been 
far  subsequent  to  the  rudo  hunting-tools  or  weapons  of  war  to  which  I  have 
alluded. 

A  little  step-by-step  reasoning  will  convince  the  unprejudiced  that  what 
we  call  civilization  must  have  been  a  gradual  process ;  can  it  be  supposed  that 
the  inhabitants  of  Central  America  or  of  Egypt  suddenly  and  what  is  called 
instinctively  built  their  cities,  carved  and  ornamented  their  monuments  ?  if 
not,  if  they  must  have  learned  to  construct  such  erections,  did  it  not  take  time 
to  acquire  such  learning,  to  invent  tools  as  occasion  required,  contrivances  to 
raise  weights,  rules  or  laws  by  which  men  acted  in  concert  to  effect  the  design  ? 
Did  not  all  this  require  time  ?  and  if,  as  the  evidence  of  historical  times  shows, 
invention  marches  with  a  geometrical  progression,  how  slow  must  have  been 
the  earlier  steps !  If  even  now  habit,  and  prejudice  resulting  therefrom,  vested 
interests,  &c.,  retard  for  some  time  the  general  application  of  a  new  invention, 
what  must  have  been  the  degree  of  retardation  among  the  comparatively  un- 
educated beings  which  then  existed  ? 

I  have  of  course  been  able  to  indicate  only  a  few  of  the  broad  arguments 
on  this  most  interesting  subject ;  for  detailed  results  the  works  of  Darwin, 
Hooker,  Huxley,  Carpenter,  Lyell,  and  others  must  be  examined.  If  I  appear 
to  lean  to  the  view  that  the  successive  changes  in  organic  beings  do  not  take 
place  by  sudden  leaps,  it  is,  I  believe,  from  no  want  of  an  impartial  feeling ; 
but  if  the  facts  are  stronger  in  favour  of  one  theory  than  another,  it  would  bo 
an  affectation  of  impartiality  to  make  the  balance  appear  equipoised. 

The  prejudices  of  education  and  associations  with  the  past  arc  against  this 
as  against  all  now  views ;  and  while  on  the  one  hand  a  theory  is  not  to  bo 
accepted  because  it  is  new  and  primd  facie  plausible,  still  to  this  assembly  I 
need  not  say  that  its  running  counter  to  existing  opinions  is  not  necesBarily 
a  reason  for  its  rejection ;  the  onus  probandi  should  rest  on  those  who  advance 
a  new  view,  but  the  degree  of  proof  must  differ  with  the  nature  of  the  subject. 
The  fair  question  is,  Does  the  newly  proposed  view  remove  more  difficulties, 
Mtquire  fewer  assumptions,  and  present  more  consistency  with  observed  facts 
n  that  which  it  seeks  to  supersede  ?  if  so,  the  philosopher  will  adopt  it, 
the  world  will  follow  the  philosopher— after  many  days. 
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It  must  be  borne  in  mind  that  even  if  we  are  satisfied  from  a  persevering 
and  impartial  inquiry  that  organic  forms  have  varied  indefinitely  in  time, 
the  causa  eausans  of  these  changes  is  not  explained  by  our  researches ;  if  it  be 
admitted  that  we  find  no  evidence  of  amorphous  matter  suddenly  changed 
into  complex  structure,  still  why  matter  should  be  endowed  with  the  plasticity 
by  -which  it  slowly  acquires  modified  structure  is  unexplained.  If  we  assume 
thai  natural  selection,  or  the  struggle  for  existence,,  coupled  with  the  tendency 
of  like  to  reproduce  like,  gives  rise  to  various  organic  changes,  still  our  re- 
searches are  at  present  uninstruotive  as  to  why  like  should  produce  like,  why 
acquired  characteristics  in  the  parent  should  be  reproduced  in  the  offspring. 
Reproduction  itself  is  still  an  enigma,  and  this  great  question  may  involve 
deeper  thoughts  than  it  would  be  suitable  to  enter  upon  now. 

Perhaps  the  most  convincing  argument  in  favour  of  continuity  which  could 
be  presented  to  a  doubting  mind  would  be  the  difficulty  it  would  feel  in 
representing  to  itself  any  per  saUum  act  of  nature.  Who  would  not  be 
astonished  at  beholding  an  oak  tree  spring  up  in  a  day,  and  not  from  seed  or 
shoot?  We  are  forced  by  experience,  though  often  unconsciously,  to  believe 
in  continuity  as  to  all  effects  now  taking  place ;  if  any  one  of  them  be  ano- 
malous we  endeavour,  by  tracing  its  history  and  concomitant  circumstances, 
to  find  its  cause,  t.  e.  to  relate  it  to  antecedent  phenomena ;  are  we  then  to 
reject  similar  inquiries  as  to  the  past?  is  it  laudable  to  seek  an  explanation 
of  present  changes  by  observation,  experiment,  and  analogy,  and  yet  repre- 
hensible to  apply  the  same  mode  of  investigation  to  the  past  history  of  the 
earth  and  of  the  organic  remains  embalmed  in  it  ? 

If  we  disbelieve  in  sudden  creations  of  matter  or  force,  in  the  sudden 
formations  of  complex  organisms  now,  if  we  now  assign  to  the  heat  of 
the  son  an  action  enabling  vegetables  to  live  by  assimilating  gases  and  amor- 
phous earths  into  growing  structures,  why  should  such  effects  not  have  taken 
place  in  earlier  periods  of  the  world's  history,  when  the  sun  shone  as  now, 
and  when  the  same  materials  existed  for  his  rays  to  fall  upon  ? 

If  we  are  satisfied  that  continuity  is  a  law  of  nature,  the  true  expression 
of  the  action  of  Almighty  Power,  then,  though  we  may  humbly  confess  our 
inability  to  explain  why  matter  is  impressed  with  this  tendency  to  gradual 
structural  formation,  we  should  cease  to  look  for  special  interventions  of 
creative  power  in  changes  which  are  difficult  to  understand,  because,  being 
removed  from  us  in  time,  their  concomitants  are  lost;  we  should* endeavour 
from  the  relics  to  evoke  their  history,  and  when  we  find  a  gap  not  try  to 
bridge  it  over  with  a  miracle. 

If  it  be  true  that  continuity  pervades  all  physical  phenomena,  the  doctrine 
applied  by  Cuvier  to  the  relations  of  the  different  parts  of  an  animal  to  each 
other  might  be  capable  of  great  extension.  All  the  phenomena  of  inorganic 
and  organized  matter  might  be  expected  to  be  so  inter-related  that  the  study 
of  an  isolated  phenomenon  would  lead  to  a  knowledge  of  numerous  other  phe- 
nomena with  which  it  is  connected*  As  the  antiquary  deduces  from  a  monolith 
the  tools,  the  arts,  the  habits,  and  epoch  of  those  by  whom  it  is  wrought,  so 
the  student  of  science  may  deduce  from  a  spark  of  electricity  or  a  ray  of  light 
the  source  whence  it  is  generated ;  and  by  similar  processes  of  reasoning  oilier 
phenomena  hitherto  unknown  may  be  deduced  from  their  probable  relation 
with  the  known.  But,  as  with  heat,  light,  magnetism,  and  electricity,  though 
we  may  study  the  phenomena  to  which  these  names  have  been  given,  and 
their  mutual  relations,  we  know  nothing  of  what  they  are ;  so,  whether  we 
adopt  the  view  of  natural  selection,  of  effort,  of  plasticity,  &c,  we  know  not 
why  organisms  should  have  this  nitus  formativus,  or  why  the  acquired  habit 
or  exceptional  quality  of  the  individual  should  reappear  in  the  offspring. 
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Philosophy  ought  to  have  no  likes  or  dislikes,  truth  is  her  only  aim  ;  but  if 
a  glow  of  admiration  he  permitted  to  a  physical  inquirer,  to  my  mind  a  far 
more  exquisite  sense  of  the  beautiful  is  conveyed  by  the  orderly  development, 
by  the  necessary  inter-relation  and  inter-action  of  each  element  of  the  cosmos, 
and  by  the  conviction  that  a  bullet  falling  to  the  ground  changes  the  dyna- 
mical conditions  of  the  universe,  than  can  be  conveyed  by  mysteries,  by  con- 
vulsions, or  by  cataclysms. 

The  sense  of  understanding  is  to  the  educated  more  gratifying  than  the 
love  of  the  marvellous,  though  the  latter  need  never  be  wanting  to  the  nature- 
seeker. 

But  the  doctrine  of  continuity  is  not  solely  applicable  to  physical  inquiries. 

The  same  modes  of  thought  which  lead  us  to  see  continuity  in  the  field  of 
the  microscope  as  in  the  universe,  in  infinity  downwards  as  in  infinity  up- 
wards, will  lead  us  to  see  it  in  the  history  of  our  own  race ;  the  revolu- 
tionary ideas  of  the  so-called  natural  rights  of  man,  and  d  priori  reason- 
ing from  what  are  termed  first  principles,  are  far  more  unsound  and 
give  us  far  less  ground  for  improvement  of  the  race  than  the  study  of  the 
gradual  progressive  changes  arising  from  changed  circumstances,  changed 
wants,  changed  habits.  Our  language,  our  social  institutions,  our  laws,  the 
constitution  of  which  we  are  proud,  are  the  growth  of  time,  the  product  of 
slow  adaptations,  resulting  from  continuous  struggles.  Happily  in  this 
country,  practical  experience  has  taught  us  to  improve  rather  than  to  remo- 
del ;  we  follow  the  law  of  nature  and  avoid  cataclysms. 

The  superiority  of  Man  over  other  animals  inhabiting  this  planet,  of  civi- 
lized over  savage  man,  and  of  the  more  civilized  over  the  less  civilized,  ia 
proportioned  to  the  extent  which  his  thought  can  grasp  of  the  past  and  of  the 
future.  His  memory  reaches  further  back,  his  capability  of  prediction  reaches 
further  forward  in  proportion  as  his  knowledge  increases.  He  has  not  only 
personal  memory  which  brings  to  his  mind  at  will  the  events  of  his  indivi- 
dual life, — he  has  history,  the  memory  of  the  race ;  he  has  geology,  the  his- 
tory of  the  planet ;  he  has  astronomy,  the  geology  of  other  worlds.  Whence 
does  the  conviction  to  which  I  have  alluded,  that  each  material  form  bears 
in  itself  the  records  of  its  past  history,  arise  ?  Is  it  not  from  the  belief  in 
continuity?  Does  not  the  worn  hollow  on  the  rock  record  the  action  of  the 
tide,  its  stratified  layers  the  slow  deposition  by  which  it  was  formed,  the 
organic  remains  imbedded  in  it  the  beings  living  at  the  times  these  layers 
were  deposited,  so  that  from  a  fragment  of  stone  we  can  get  the  history  of 
a  period  myriads  of  years  ago  ?  From  a  fragment  of  bronze  we  may  get  the 
history  of  our  race  at  a  period  antecedent  to  tradition.  As  science  advances 
our  power  of  reading  this  history  improves  and  is  extended.  Saturn's  ring 
may  help  us  to  a  knowledge  of  how  our  solar  system  developed  itself,  for  it 
as  surely  contains  that  history  as  the  rock  contains  tho  record  of  its  own 
formation. 

By  this  patient  investigation  how  much  have  we  already  learned,  which 
the  most  civilized  of  ancient  human  races  ignored !  While  in  ethics,  in 
politics,  in  poetry,  in  sculpture,  in  painting,  we  have  scarcely,  if  at  all, 
advanced  beyond  the  highest  intellects  of  ancient  Greece  or  Italy,  how  great 
are  the  steps  wo  have  made  in  physical  science  and  its  applications  ! 

But  how  much  more  may  we  not  expeet  to  know  ? 

We,  this  evening  assembled,  Ephemera  as  we  arc,  have  learned  by  trans- 
mitted labour,  to  weigh,  as  in  a  balance,  other  worlds  larger  and  heavier  than 
our  own,  to  know  the  length  of  their  days  and  years,  to  measure  their  enor- 
mous distance  from  us  and  from  each  other,  to  detect  and  accurately  ascertain 
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the  influence  they  have  on  the  movements  of  our  world  and  on  each  other, 
and  to  discover  the  substances  of  which  they  are  composed ;  may  we  not 
fairly  hope  that  similar  methods  of  research  to  those  which  have  taught  us  so 
much  may  give  our  race  further  information,  until  problems  relating  not 
only  to  remote  worlds,  but  possibly  to  organic  and  sentient  beings  which  may 
inhabit  them,  problems  which  it  might  now  seem  wildly  visionary  to  enunciate, 
may  be  solved  by  progressive  improvements  in  the  modes  of  applying  obser- 
vation and  experiment,  induction  and  deduction  ? 

NOTES  AND  REFERENCES. 

Ivi.  Hkrschel,  Sir  J.    Astronomical  Observations  at  the  Cape  of  Good  Hope. 

1847. 
Rosas,  Earl  of    Observations  on  the  Nebula,  Phil.  Trans.  1850,  p.  499. 
Brayley.    Report  of  the  Meteor  Committee  of  the  British  Association, 

1865,  p.  140,  and  Proceedings  of  the  Royal  Society,  March  23, 1865. 
Sorby.    Ibidem,  and  Proceedings  of  the  Royal  Society,  June  16,  1864. 
Ivii.  Olxsxbd.    Silliman's  Journal,  July  1884,  p.  138.    The  first  suggestion  of 

a  perspective  vanishing-point  for  meteors  seems  to  be  due  to  Prof.  Thom- 
son oi  Nashville. 
Hbbschbl,  Axbxakdbb.   Reports  of  the  Meteor  Committee  of  the  British 

Association. 
Lbvbbbibb.    Intramercurial  Planets.    Comptes  Rendus,  Paris,  1861,  p. 

1109. 
Daubbbb.    Comptes  Rendus,  Paris,  1866.    Bulletin  de  la  Soci^te*  Geolo- 

gique  de  France,  Mars  1866. 
lviii  pLftcuB.    Variation  oi  Spectrum  Lines  with  Temperature,  Phil.  Trans. 

1865,  p.  6. 

lix.  HuGGDfs  and  Miller,    Spectra  of  Fixed  Stars,  Phil  Trans.  1864,  p.  413. 
Spectrum  of  Temporary  Star,  Proc.  Roy.  Soc.  No.  84,  1866. 
Huooi>8.    Spectrum  of  Comet  I.,  1866,  Proc.  Roy.  Soc.  No.  80,  1866. 
Ix  Chacobxac  on  the  Moon.    Comptes  Rendus,  Paris,  June  1866,  p.  1406, 
&c. 
lxii.  Rumpobd.    Heat  of  Friction,  Phil.  Trans.  1798,  p.  80. 
Davy.    Ibidem.    West  of  England  Contributions,  p.  18. 
Joulb.    Phil  Mag.  1843 ;  PM1.  Trans.  1860. 
Uiii.  Sabine.    Magnetism  and  Solar  Spots,  Proc.  Roy.  Soc.  1865,  p.  491. 
Aiby.    On  Solar  Magnetism,  Phil.  Trans.  1863,  pp.  313  &  646. 
Chambers.    Idem,  Phil.  Trans.  1863,  pp.  614-616. 
Maybb.    Friction  of  Tidal  Wave.    See  his  papers  collected  and  translated 

by  Youman,  New  York,  1866. 
Dblaunay.    Acceleration  of  Moon's  Motion,  Comptes  Rendus,  Paris, 

December  1866,  January  1866. 
Aiby.    Idem.    Notices  Roy.  Ast  Soc.  April  13, 1866. 
Cabrington.    Observations  on  Spots  on  the  Sun,  1863. 
Dx  la  Rub,  Stewart,  and  Lobwy.    Idem,  1866. 
Fayb.    On  the  Dynamic  Theory  of  Solar  neat,  Comptes  Rendus,  Paris, 
October  1862,  p.  664.    Constitution  of  Sun,  Motion  of  Sun  Spots,  &c, 
Comptes  Rendus.  Paris,  January  1866,  &c. 
lxiv.  Stbuvb.    Etudes  <r Astronomic  Stellaire,  1847.    The  uassage  in  the  text 
is  so  brief  as  to  be  obscure.  See  the  idea  elaborated,  Correlation  of  Phy- 
sical Forces,  1867,  p.  187. 
See  Corr.  Phys.  Forces,  p.  84. 

Bbbthblot.    Formate  of  Potash.  Institut,  1864,  p.  332. 
lxv.  Tyndall.    On  Radiant  Heat,  Phil.  Mag.  November  1864 :  Phil.  Trans. 

1866.  * 

Gbahait.    Dialysis  of  Air,  Phil.  Trans.  1866,  p.  399. 
Wilde.    Increase  of  Magneto-electric  Force,  Proc  Roy.  Soc.  April  1866, 
-p.  107. 
1866.  / 


lxxxii  report — 1866. 

Page. 
Ixv.  IIolz.     New  Electrical  Machine,  Pogg.  Annalen,  1805,  pt.  1.  p.  157. 
lxvi.  Carpenter.     Food  and  Force.     Physiology,  Treatise  on. 
Bence  Jones.    Idem,  Proc.  Roy.  Inst.  March  28,  18(56. 
Playfaih,    Idem,  Proc.  Roy.  Instit.  April  28,  1805. 
E.  Smith.    Idem,  Phil.  Trans.  1861,  p.  747. 
Frankland.    Idem,  Proc  Roy.  Instit  1866. 
Traube.  .  Idem,  Virchow's  Archiv,  vol.  xxiii.  p.  196,  &c 
Fick  and  Wislicenus.    Idem,  Phil.  Mag.  June  1866,  Supplement, 
lxvii.  Lavoisier.    (Euvrea,  vol.  ii.  p.  040. 

Ansted.    Intellectual  Ohserver,  August  1804. 
lzviii.  Ramsay.    Addresses  to  the  Geological  Society,  1863  and  1864. 

Herschel,  Sir  J.    Geological  effects  of  Variation  in  Earth's  Orbit,  Traa 
Geol.  Soc.  2nd  Series,  vol.  iii.  p.  295.    Outlines  of  Astronomy,  186 
pp.  233-235. 
Croll.    Idem,  Phil.  Mag.  August  1864,  and  April  1866.  J 

lxx.  Pasteur  and  Pouchet.    On  Spontaneous  Generation,  Comptes  Renda 
Paris,  1863  to  1865.  | 

lxxi.  Child.    Proc.  Roy.  Soc  1865,  p.  178. 
lxxiii.  Carpenter.    On  Foraminifera,  Phil.  Trans.  1856,  p.  227 ;  1860,  p.  684| 
H.  Bates.    Butterflies  of  South  America,  Trans.  Linn.  Soc.  vol.  xxiii 
n.  496.  j 

lzxiv.  Wallace.    Butterflies  of  the  Malay  Archipelago,  Trans.  Linn.  Soc.  vol 
xxv.  p.  1. 
Walsh.    Proc  Entom.  Soc  Philadelphia,  1864,  p.  403. 
Fritz  Mullbr.    Fur  Darwin,  Leipzig,  1864 ;  Annals  and  Magazine  of  Na- 
tural History,  1865. 
Lubbock.     Diving  Hymenoptera,  Trans.  linn.  Soc  vol.  xxiv.  p.  135. 
Logan.    Eocoon.    Communication  to  the  British  Association  at  Bath, 

1864 
A.  Db  Candolle.    Variability  in  Oaks,  &c,  Bibl.  Univ.  de  Geneve,  No- 
vember 1862. 
Hooker.   On  Oaks,  Trans.  Linn.  Soc.  vol.  xxiii.  p.  881.   On  Arctic  Flora, 
Trans.  Linn.  Soc.  vol.  xxiii.  p.  251. 
lxxviii.  Darwin.    Origin  of  Species  through  Natural  Selection,  1866,  in  which  see 
also  Dr.  M'Donnell's  results. 
Huxley.    Address  to  the  Geological  Society,  21st  February,  1862. 
Lyell.    Antiquity  of  Man,  1868. 


L 


HEPORTSJitjkjvlesity 


THE    STATE    OP    SCIENCE. 


Second  Report  of  the  Committee  for  Exploring  Kenfs  Cavern,  Devon- 
shire. The  Committee  consisting,  of  Sir  Charles  Lyell,  Bart., 
Professor  Phillips,  Sir  John  Lubbock,  Bart.,  Mr.  JonN  Evans, 
Mr.  Edward  Vivian,  and  Mr.  William  Pengelly  (Reporter). 

Is  the  First  Report  of  the  Committee,  presented  to  the  Association  at  the 
Meeting  held  at  Birmingham  in  1865,  it  was  stated  that  Kent's  Hole  is 
situated  in  a  small  limestone  hill  about  a  mile  eastward  from  Torquay 
harbour ;  that  though  it  has  been  known  from  time  immemorial,  it  did  not 
ittract  the  attention  of  scientific  inquirers  until  the  year  1824 ;  that  it  was 
partially  explored  by  the  Rev.  Mr.  M'Encry  from  1825  to  1829,  by  Mr. 
ttodwin-Austen  prior  to  1840,  and  by  the  Torquay  Natural  History  Society  in 
lb  16;  and  that  all  the  explorers  had  been  unanimous  in  stating  that  they 
found  flint  "implements,"  undoubtedly  of  human  origin,  mixed  up  with 
remains  of  extinct  animals,  in  the  ordinary  cave-earth,  beneath  the  floor  of 
stalagmite. 

Having  briefly  narrated  the  circumstances  which  led  to  the  exploration  of 
the  cavern  under  the  auspices  of  the  British  Assoication,  the  Committee  pro- 
ceeded to  state  that  they  had  selected  for  the  commencement  of  their 
researches  the  large  Chamber  into  which  the  most  southerly  of  the  two 
external  entrances  opens,  having  been  guided  in  their  selection  by  the  acces- 
sibility of  the  Chamber,  and  by  the  indispensable  fact  that  the  deposits  it 
contained  were  certainly  intact;  that  these  deposits  were,  in  descending 
order — 1st,  huge  blocks  of  limestone  which  had  fallen  from  the  roof,  and 
Borne  of  which  were  estimated  to  weigh  7  tons  each ;  2nd,  black  mould  or 
mud,  varying  from  3  to  upwards  of  12  inches  in  thickness,  and  lying 
between  and  beneath  the  limestone  blocks;  3rd,  a  stalagmitic  door,  gra- 
duating downwards  into  a  firm  stony  breccia,  and  averaging  at  least  a  foot 
in  thickness;  4th,  reddish  ochreous  loam,  or  "cave-earth,"  of  unknown 
depth,  having  incorporated  within  it  a  large  number  of  angular  fragments  of 
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limestone  lying  confusedly  without  anything  like  an  approach  to  stratification 
or  symmetrical  arrangement ;  that  blocks  of  limestone  almost  as  large  as  those 
overlying  the  deposits  were  met  with  everywhere  in  the  black  mould,  in  the 
floor  of  stalagmite,  and  in  the  cave-earth ;  that  though  the  stalagmite  was 
everywhere  firmly  attached  to  the  walls,  a  few  instances  occurred  in  which  it 
did  not  extend  quite  across  the  Chamber,  but  that  even  in  these  exceptional 
cases  the  line  of  demarcation  between  the  black  mould  and  the  cave-earth  was 
sharp  and  well  defined,  there  being  no  example  of  the  commingling  of  the 
two ;  and  that  the  presence  of  a  calcareous  drip  was  more  or  less  traceable 
throughout  the  cave-earth. 

They  then  described,  somewhat  in  detail,  the  mode  of  exploration  which 
had  been  followed  uniformly  from  the  beginning,  and  which  rendered  it  easy 
to  define  accurately  the  position  of  every  object  of  interest  which  had  been 
met  with, — that  is  to  say,  its  distance  in  feet  from  the  entrance  of  the 
Chamber ;  its  distance  in  yards,  right  or  left,  from  a  "  datum  "  line  crossing 
the  middle  of  the  Chamber  from  the  entrance  to  the  back  wall ;  and  its 
depth  in  feet  below  the  base  of  the  stalagmite,  to  the  extent  of  4  feet, 
beyond  which  the  excavation  had  not  been  carried. 

Proceeding  to  a  very  general,  but  by  no  means  exhaustive  description  of 
the  contents  of  the  various  deposits,  they  stated  that  in  the  black  mould 
were  found  numerous  well-rounded  pebbles,  consisting  of  various  kinds 
of  rock,  and  probably  derived  from  the  neighbouring  beaches;  whet- 
stones ;  pieces  of  slate,  some  of  which  were  wrought  into  curvilineal  shapes ; 
a  spoon,  a  fibula,  a  socketed  celt,  and  other  articles  in  bronze ;  a  large  frag- 
ment of  a  plate  of  smelted  copper ;  numerous  pieces  of  pottery  which,  though 
including  one  bit  of  Somian  ware,  were  generally  of  a  somewhat  coarse 
character ;  a  comb,  a  spoon,  a  chisel,  and  other  objects  formed  of  bone ; 
spindle- whorls  of  various  kinds  of  stone ;  a  few  flint-flakes;  charred  wood; 
bones  of  various  animals,  such  as  the  pig,  deer,  sheep,  badger,  fox,  hare, 
rabbit,  small  Rodents,  bat,  birds,  and  different  kinds  of  fish;  shells  of  different 
species  of  Helix,  as  well  as  of  many  of  the  marine  forms  common  on  the 
coast;  and  hasel-nuts,  generally  perforated  at  one  end.  That  the  few 
remains  yielded  by  the  stalagmitic  floor  included  charred  wood,  land  and 
marine  shells,  and  bones  of  various  animals — all  probably  of  existing  species. 
That  from  the  cave-earth  had  been  exhumed  a  very  large  number  of  bones 
of  Hycena  ipelcea,  Felts  spelcea,  Ursus  spehxus,  Rhinoceros  tichorhinus,  Elepha* 
primigenius,  Fox,  probably  more  than  one  species  of  Horse,  and  several  species 
of  Deer;  that  those  of  the  Hyaena  were  the  most  numerous,' after  which, 
those  of  the  Horse  and  Rhinoceros  were,  perhaps,  about  equally  abundant ; 
that  the  remains  of  the  Mammoth  were  those  of  very  young  individuals* ; 
that  many  of  the  bones  occurred  as  fragments  and  mere  splinters ;  that  a  large 
number  of  them  were  scored  with  the  teeth-marks  of  various  kinds  of  animals; 
that  some  of  the  long  bones  were  split  longitudinally ;  that  some  of  those 
found  beneath  the  large  blocks  of  limestone  were  in  a  crushed  condition ; 
that  most  of  them  were  of  a  chalk-like  whiteness,  a  few  only  being  dis- 
coloured ;  and  that  they  were  all  of  greater  specific  gravity  than  those  found 
in  the  black  mould.  That  lumps  made  up  of  cave-earth,  small  stones,  com- 
minuted bone,  and  matter  of  probably  faecal  origin  were  numerous  and  widely 
distributed.  That,  rejecting  doubtful  specimens  and  mere  chips,  nearly  thirty 
flint  "  implements  "  had  been  found  in  the  undisturbed  cave-earth,  under 

*  Some  of  the  teeth,  Ac.,  of  EUphas  primigenius  found  in  the  cavern  by  the  early 
^plorcrs  belonged  to  fully-grown  animals. 
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precisely  the  same  conditions  as  the  bones  of  the  extinct  animals  with  which 
they  lay ;  that,  with  the  exception  of  three,  they  were  all  of  the  kind  deno- 
minated flakes,  the  excepted  specimens  being  wrought  to  an  edge  all  round 
their  perimeters ;  that,  like  the  bones,  they  were  least  numerous  in  the  first 
foot  below  the  stalagmite;  and  that  those  most  elaborately  wrought  were 
found  in  the  third  and  fourth  foot-levels — the  greatest  depth  to  which  the 
excavation  had  been  carried. 

In  conclusion,  the  Committee  stated  that,  unlike  Mr.  M'Enery,  they  had 
not  succeeded  in  finding  the  remains  of  Machairodus  latidens  or  of  Hippopo- 
tami* major,  nor  had  they  detected  any  part  of  the  human  skeleton  either 
in  the  cave-earth  or  in  the  overlying  black  mould,  but  that  with  these 
exceptions  they  had  confirmed  all  the  statements  of  the  early  explorers. 

Daring  the  twelve  months  which  have  elapsed  since  the  First  Report,  just 
recapitulated,  was  drawn  up,  the  Committee  have  carried  on  their  labours 
without  interruption,  the  Superintendents  have  continued  to  visit  the  cavern 
daily,  the  original  rigorous  methods  of  excavation  and  examination  have  been 
uniformly  followed,  the  results  of  each  day's  labour  have  been  carefully 
registered,  and  at  the  commencement  of  every  month  a  Report  of  progress 
has  been  forwarded  to  Sir  Charles  Lyell,  the  Chairman  of  the  Committee. 

The  selected  Chamber  has  been  completely  explored  to  the  depth  of  4  feet 
below  the  stalagmite.  It  measures  about  62  feet  from  east  to  west,  and 
something  more  than  30  from  north  to  south.  The  limestone  floor  has  been 
reached  in  several  places,  but  elsewhere  the  deposits  descend  through  wide  . 
fissures  to  probably  considerable  depths,  and  there  is  reason  to  believe  that 
beneath  the  limestone  there  are  extensive  undervaultings. 

In  the  inner  or  back  wall  of  the  Chamber,  almost  due  west  from  the 
entrance,  the  workmen  laid  open  the  mouth  of  a  Gallery,  about  16  feet  wide 
and  extending  westward  for  a  distance  of  29  feet,  where  it  suddenly  termi- 
nates in  a  mere  slit  in  the  limestone  rock.  This  Gallery  has  also  been  exca- 
vated in  the  same  manner  and  to  the  same  depth  as  the  Chamber. 

A  comparatively  narrow  passage  leads  out  of  the  Chamber  northwards, 
and  must  be  traversed  in  proceeding,  within  the  cavern,  from  one  of  the 
external  entrances  to  the  other.  Mr.  M'Enery  termed  it  the  "  Passage  of 
Urns,"  on  account  of  the  large  amount  of  broken  pottery  which  he  there 
found  in  the  black  mould  above  the  stalagmite.  Since  the  completion  of  the 
exploration  of  the  Gallery,  the  workmen  have  been  occupied  in  excavating 
this  Passage,  a  work  now  almost  completed. 

All  the  investigations  of  the  Committee  have  been  carried  on  in  virgin 
ground.  No  traces  of  the  earlier  researches  have  been  encountered,  the 
deposits  being  everywhere  indubitably  intact. 

Several  blocks  of  limestone  overlying  the  black  mould  have  been  met  with 
ia  the  Chamber  and  the  Passage  of  Urns.  Some  of  them  were  of  great  size, 
and  one  greatly  surpassed  the  largest  of  those  mentioned  in  the  First  Report. 
It  measured  19£  feet  long,  9  feet  broad,  and  2J  thick,  or  upwards  of  430 
cuhic  feet;  so  that  its  weight  must  have  exceeded  30  tons.  In  order  to  the 
removal  of  this  huge  mass,  it  was  necessary  to  blast  it  five  times,  each  blast 
heing  very  successful. 

From  their  characters  and  positions,  as  well  as  from  the  condition  of  the 
roof,  it  is  obvious  that,  from  time  to  time,  the  blocks  were  severed  naturally 
from  the  limestone  strata,  perhaps  by  the  action  of  acidulated  water  along 
planes  of  jointage,  such  planes  being  prevalent  and  yell  defined  in  the 
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Devonian  rocks  of  the  district  generally.     No  such  masses  were  found  on  the 
floor  of  the  Gallery. 

The  overlying  black  mould  previously  mentioned  was  found  everywhere 
both  in  the  Chamber  and  in  the  Passage  of  Urns;  but  not  in  the  Gallery,  except 
quite  at  the  entrance,  where  there  was  a  mere  trace.  It  has  continued  to 
yield  a  large  series  of  such  articles  as  were  mentioned  in  the  First  Report, 
few  of  which  require  to  be  particularized.  The  most  interesting  additions  to 
the  collection  from  this  deposit  are  a  series  of  spindle-whorls,  a  polishing 
stono,  and  a  portion  of  a  cake  of  smelted  copper. 

The  whorls  are  six  in  number,  and,  unlike  any  of  those  mentioned  in  the 
First  Report,  are  all  formed  of  slate.  Four  of  them  arc  highly  finished,  and 
two  are  somewhat  elaborately  ornamented,  but  in  different  styles  or  patterns. 
No  two  of  them  are  of  the  same  size.  The  ornamented  two  were  found  lying 
together.  Mr.  Franks,  of  tho  British  Museum,  to  whom  they  have  been  sub- 
mitted, states  that  "  the  pattern  on  one  of  them  resembles  that  on  British 
pottery." 

The  "  polishing  stone  "  is  a  quadrantal  fragment  of  an  oblate  spheroidal 
pebble  of  fine-grained  quartzite,  probably  derived,  directly  or  indirectly,  from 
the  famous  "  pebble-bed  "  occurring  in  the  Triassic  cliff  immediately  west  of 
Budleigh  Saltcrton,  about  thirteen  miles  north-easterly  from  the  cavern.  One 
of  the  flattened  or  polar  surfaces,  and  also  ono  of  those  at  right  angles  to  it, 
formed  by  the  fracture  of  the  stone,  have  undergone  a  considerable  amount  of 
artificial  polish,  as  if  they  had  been  used  in  grinding,  sharpening,  or  polish- 
ing. The  stone  was  found  under  a  large  block  of  limestone,  measuring  18 
inches  in  thickness,  and  cemented  with  stalagmite  to  other  such  blocks. 

The  piece  of  copper  differs  from  that  mentioned  in  the  First  Report  only  in 
being  smaller. 

Some  of  the  pottery  found  recently  is  so  rotten  as  scarcely  to  bear  handling, 
and  when  placed  in  water  it  resolves  itself  into  a  coarse  mud. 

As  has  been  already  observed,  it  was  stated  in  the  Report  sent  in  last  year 
that  in  a  few  instances  the  floor  of  stalagmite  did  not  extend  quite  across 
the  Chamber.  These  gaps  entirely  ceased  at  about  42  feet  from  the  external 
entrance,  so  that  in  the  innermost  20  feet  of  the  Chamber,  as  well  as  through- 
out the  entire  Gallery,  stalagmite  occurred  everywhere  in  unbroken  continuity. 
Its  level,  however,  instead  of  being  uniformly  tho  same,  was,  on  tho  southern 
side  of  the  Chamber,  invariably  somewhat  lower  than  on  the  northern  side. 
In  other  worfls,  immediately  in  front  or  east  of  the  Gallery,  it  suddenly  sank 
below  the  general  level  which  it  attained  elsewhere ;  but  was,  nevertheless, 
perfectly  continuous  with  that  which  covered  the  other  parts  of  the  Chamber, 
without  any  indication  of  a  line  of  fracture  or  severance.  The  Gallery  pos- 
sessed two  such  floors,  or,  as  they  were  termed  by  way  of  distinction,  a  "  floor'' 
and  a  "ceiling."  The  former  or  lowermost,  like  that  elsewhere,  rested 
immediately  on  the  red  cave-earth,  and  towards  its  base  gradually  became 
a  strong  breccia.  It  varied  from  3  inches  to  upwards  of  2  feet  in  thickness, 
and  was  strictly  a  continuation  of  that  part  of  the  floor  of  the  Chamber  with 
which  it  was  directly  connected,  and  of  which  it  was  the  immediate  prolon- 
gation— that  part,  in  fact,  just  stated  to  havo  been  somewhat  below  the 
common  level.  The  "ceiling,"  or  uppermost  floor,  was  of  greater  thickness. 
It  extended  from  wall  to  wall  across  the  Gallery  without  further  support  than 
that  furnished  by  its  own  inherent  cohesion.  Its  level  was  that  of  the  general 
or  comparatively  high  floor  of  the  Chamber  of  which  it  was  a  continuation. 
Indeed  a  vertical  north  and  south  section  through  it  showed  that,  at  the 
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northern  side  of  the  mouth  of  tho  Gallery,  the  floor  of  the  Chamber  bifurcated 
and  became  two  distinct  floors,  one  above  the  other,  and  separated  by  an  inter- 
space which  varied  from  6  inches  to  nearly  4  feet  in  height — the  uppermost 
being  the  "  ceiling,"  on  the  common  level;  the  lowermost  the  "  floor/'  on  the 
level  of  the  depressed  portion  in  the  southern  part  of  the  Chamber. 

Immediately  above  the  "  ceiling  "  there  is  in  the  limestone  rock  a  consider- 
able alcove.  This  branch  of  the  cavern,  therefore,  is  divided  into  three  stories 
or  flats — that  below  the  "  floor,"  occupied  with  cave-earth ;  that  between  tho 
••  floor  "  and  "  ceiling,"  entirely  unoccupied ;  and  that  above  the  "  ceiling," 
also  without  deposit  of  any  kind. 

Tho  nether  surface  of  tho  "  ceiling "  is  of  a  beautifully  stainless  cream- 
colour,  and  sends  down  a  profusion  of  small  stalactites.  When  first  disclosed, 
the  "  ceiling  "  was  supposed  to  be  a  stratum  of  limestone  in  situ,  completely 
invested  with  a  mere  film  of  stalagmite.  In  order  to  determine  its  true 
character,  several  holes  were  bored  through  it,  when  it  was  found  to  bo 
exclusively  stalagmite  throughout — granular  and  comparatively  soft  in  tho 
upper  part,  but  highly  crystalline  towards  the  base. 

The  origin  of  this  mass  is  not  a  little  puzzling ;  for  whilst  on  the  one  hand 
it  seems  necessary  to  suppose  that  it  was  formed  on  a  basis,  either  of  lime- 
stone in  situ  or  of  detrital  matter  mechanically  accumulated ;  on  tho  other, 
it  is  difficult  to  understand  how  this  basis  could  have  been  removed  so  com- 
pletely as  to  leave  behind  no  trace  of  stone  or  bone.  Such  "  ceilings  "  occur 
in  the  famous  Brixham  Cavern  on  tho  opposite  shore  of  Torbay,  but  to  their 
lower  surfaces  there  cling  numerous  stony  and  other  relics  of  the  deposits  on 
which  they  were  moulded.  After  a  careful  study  of  the  case,  the  Superin- 
tendents of  the  exploration  incline  to  the  opinion  that  tho  "ceiling"  was 
formed  as  a  floor  on  a  deposit  of  fine  earth  which  onco  filled  the  Gallery  to 
the  necessary  height,  or,  in  other  words,  to  tho  prevalent  level  of  the  deposit 
in  the  adjacent  Chamber ;  that  this  deposit,  either  by  a  considerable  sub- 
sidence or  by  being  washed  out,  was  completely  detached  from  the  floor  which 
overlay  it ;  and  that  subsequently  a  second  and  lower  floor  was  formed  in  the 
Gallery,  and  additions  wore  made  to  both  the  upper  and  the  lower  surfaces 
of  the  "  ceiling"  or  first  floor.  In  support  of  this  opinion,  it  may  be  stated 
that  the  cream- coloured  stalagmite  forming  the  lower  surface  of  the  "  ceiling," 
instead  of  being  characteristic  of  the  entire  mass,  is  but  a  sort  of  "  veneer," 
nowhere  more  than  an  inch  thick.  On  being  stripped  off  it  is  found  that, 
both  in  texture  and  in  colour,  it  is  strongly  contrasted  with  the  material  to 
which  it  was  attached.  The  newly  exposed  surface,  and  the  surface  only, 
has  the  exact  colour  of  the  cave-earth ;  in  fact  it  is  soil-stained,  and  thus  har- 
monizes well  with  the  hypothesis.  Again,  the  abruptly  truncated  character  of 
its  eastern  end  or  commencement  renders  it  not  improbable  that  tho  "  ceil- 
ing "  is  a  remnant  of  a  floor  which  formerly  extended  eastward  into  the 
Chamber,  but  which  has  there  partially  perished.  Further,  that  a  floor  has 
been  destroyed,  either  wholly  or  partially,  is  conclusively  proved  by  the  fact 
that  a  large  number  of  fragments  of  stalagmite  were  met  with,  incorporated 
in  the  existing  floor  and  also  in  the  cave-earth  below,  both  in  the  Chamber 
and  in  the  Gallery. 

In  each  branch  of  the  cavern  yet  explored,  bones  of  various  animals  and 
pieces  of  charred  wood  havo  been  found  in  the  stalagmite,  but  by  no  means 
abundantly.  They  have  always  been  met  with  towards  the  base  of  the  floor, 
and  generally  in  the  brecciated  portion  of  it.  The  statement  made  in  the  First 
Report,  that  perhaps  none  of  the  animals  represented  in  the  stalagmite  were 
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extinct,  must  be  abandoned ;  for  several  teeth  of  Ifycena  spdwa,  Rhinoceros 
t&horhinus,  and  a  species  of  Bear,  probably  Ursus  spelccus,  have  occurred  in 
it  within  the  last  twelve  months,  and,  with  one  exception,  all  of  them  in  the 
"  floor  "  of  the  Gallery — a  fact  of  considerable  interest  in  connexion  with  the 
hypothesis  that  this  floor  is  more  modern  than  that  found  in  the  greater  part 
of  the  Chamber. 

The  ordinary  red  cave-earth,  with  a  plentiful  admixture  of  angular  frag- 
ments and  blocks  of  limestone,  has  been  met  with  everywhere  beneath  the 
stalagmite.  '  Nowhere  has  there  been  the  least  approach  to  stratification  or 
a  symmetrical  arrangement  of  materials.  Nor  has  an  instance  occurred  of 
the  black  mould  beneath  the  floor,  or  of  its  being  commingled  with  the  red 
loam.  In  some  localities  the  earth  has  been  more,  and  in  others  less,  abun- 
dant than  the  stones.  Indeed,  in  a  very  considerable  portion  of  the  Passage 
of  Urns  the  former  was  found  very  sparingly,  the  accumulation  being  almost 
entirely  small  pieces  and  blocks  of  limestone  lying  loosely  together.  In  such 
cases  the  stalagmitic  matter  had  occasionally  inflltered  between  the  stones  to 
a  depth  of  from  1  to  2  feet,  or  even  more,  below  its  general  level.  Besides  the 
pieces  of  limestone,  the  red  earth  also  contained  fragments  of  rock  neither 
derivable  from  the  cavern  hill  nor,  with  the  existing  surface-configuration  of 
the  district,  capable  of  being  carried  into  the  cavern  by  natural  agency.  None 
of  them  were  angular,  and  most  of  them  were  well  rounded.  A  very  large 
proportion  of  them  were  pieces  of  different  varieties  of  Devonian  schistose 
grit,  prevalent  in  the  district,  and  found  in  situ  in  Lincombe  Hill,  which, 
immediately  on  the  south-west,  rises  to  the  height  of  372  feet  above  mean  tide, 
or  upwards  of  180  feet  above  the  cavern  entrances.  Quartz-pebbles  are  also 
more  or  less  abundant,  and,  no  doubt,  were  derived,  commonly,  from  the  vein- 
stones which  traverse  the  grits  just  mentioned.  Amongst  them,  however, 
there  are  one  or  two  which,  from  the  peculiarly  vitreous  aspect  of  the  quart*, 
were  probably  derived  from  the  crystalline  schists  composing  the  southern  angle 
of  Devonshire,  and  which,  at  their  nearest  approach,  at  the  Start  Point,  are. 
upwards  of  fifteen  miles  from  the  cavern.  Nor  are  these  the  only  examples 
of  distantly  derived  materials,  for  well-rolled  flints  are  by  no  means  rare,  and 
several  examples  of  granitoid  and  other  Dartmoor  rocks  have  been  met  with. 
Many  of  these  fragments  are  too  small  to  have  served  any  useful  purpose,  so 
that  there  is  no  probability  of  their  having  been  selected  by  man.  With  the 
exception  of  such  as  occur  on  the  recent,  as  well  as  the  raised,  beaches  on 
the  adjoining  coasts,  and  occasionally  in  "  pockets  "  and  fissures  in  the  lime- 
stone hills,  the  nearest  locality  in  which  flints  are  found  in  situ  is  Milbern 
Down,  about  Ave  miles  distant,  where,  overlying  beds  of  greensand,  is  a  con- 
siderable accumulation  of  supracretaceous  gravel,  mainly  composed  of  flint  and 
Dartmoor  detritus.  There  can  be  no  doubt  that  the  granitoid  pebbles  found 
in  the  cavern  were  primarily  derived  from  Dartmoor,  which,  where  nearest, 
is  at  a  distance  of  not  less  than  twelve  miles.  It  is  possible,  however,  that 
these,  and  the  rolled  flint  and  fragments  of  vitreous  quartz  also,  are  relics  of 
gravel  once  widely  spread  over  south-eastern  Devonshire,  and  of  which  that 
on  Milbern  Down,  already  mentioned,  is  the  nearest  existing  remnant. 

The  uniform  depth  of  four  feet  below  the  base  of  the  stalagmite,  to  which 
the  excavation  of  the  cave-earth  has  been  carried,  by  no  means  extends 
everywhere  to  one  and  the  same  level.  The  lowest  level  reached  is  in  the 
Gallery,  where  the  deposit  presents  some  peculiar  features.  Whilst  the  first 
and  second  foot-levels  consisted  of  the  ordinary  red  earth  with  the  usual  ad- 
mixture of  angular  fragments  of  limestone,  the  third  and  fourth  feet,  though 
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not  quite  destitute  of  the  red  loam,  were  to  a  very  large  extent  madti  up  of 
the  debris  of  the  schistose  grit,  in  the  form  of  sand,  small  angular  flakes,  and 
pebbles  occasionally  3  inches  in  diameter. 

As  already  stated,  a  largo  number  of  fragments  of  stalagmite  were  found 
embedded  in  the  cave-earth.  The  first  presented  itself  in  the  Chamber,  at 
about  40  feet  from  tho  external  entrance;  and  from  this  point  inwards  to  the 
extremity  of  tho  Gallery  they  were  more  or  less  abundant.  In  the  Chamber 
they  occurred  chiefly,  but  not  exclusively,  in  that  southern  portion  of  which 
the  Gallery  may  be  regarded  as  the  direct  prolongation ;  in  other  words,  in 
that  part  where,  if  anywhere,  the  original  stalagmitio  floor  had  been  de- 
stroyed and  replaced  by  a  more  modern  one.  Some  of  these  masses  were  of 
great  sue,  occasionally  ^measuring  5  feet  long,  4  broad,  and  4  deep,  or  80 
cubic  feet.  They  were  generally  composed  of  distinct  laminaB  of  highly 
crystalline  prisma,  having  their  longest  axes  at  right  angles  to  the  plane  of 
lamination.  In  one  or  two  instances  only  were  there  any  stony  fragments 
incorporated  within,  or  attached  to,  them.  In  the  Gallery  they  were  confined 
to  the  upper  2  feet  of  the  deposit,  but  in  the  Chamber  they  occupied  all 
levels  alike.  Portions  of  stalactite  were  also  frequently  met  with.  An 
interesting  case  of  this  occurred  at  about  4  feet  from  the  innermost  end 
of  the  Gallery,  where,  within  the  first  foot  below  the  floor,  there  lay  a  fine 
slab  of  old  stalagmite,  having  incorporated  within  it  a  fallen  fragment  of  a 
conical  pendant  of  stalactite,  measuring  4  inches  in  diameter.  Such  ex- 
amples are  wonderfully  calculated  to  convince  the  observer  that  the  time 
daring  which  the  cave-earth  was  accumulated,  though  probably  very  pro- 
tracted, was  but  a  small  portion  of  that  represented  by  the  entire  history  of 
the  cavern.  The  case  just  mentioned  takes  the  mind  back  to  a  time  when  a 
large  stalactite,  broken  from  the  roof  where  it  had  slowly  grown,  fell  on  a 
floor  of  stalagmite  which,  in  process  of  sealing  up  a  subjacent  deposit  of  de- 
trital  matter,  had  attained  the  thickness  of  about  an  inch.  The  fallen  mass 
lay  undisturbed  where  it  fell,  until  the  floor,  increasing  gradually,  and  with 
periods  of  intermittence,  to  the  thickness  of  7  inches,  succeeded  in  in- 
vesting it  completely.  Subsequently,  but  how  long  cannot  be  determined, 
the  floor  was  broken  up  by  natural  causes,  and  many  of  its  fragments  were 
embedded  in  a  new  deposit.  Ono  of  the  broken  masses,  containing  the 
stalactite  previously  mentioned,  was  lodged  in  a  comparatively  narrow  branch 
of  the  cavern,  and  covered  with  about  a  foot  of  cave-earth.  Over  this  accu- 
mulation was  formed  a  new  floor  of  stalagmite,  in  which  lay  teeth  of  Hyctna 
sjxlcca,  Rhinoceros  tichorhinus,  and  a  species  of  bear.  After  this  floor  was 
completed,  a  comparatively  black  muddy  soil,  averaging  a  foot  in  thickness, 
was  introduced. 

Though  a  large  number  of  bones  have  been  found  since  the  First  Report  was 
drawn  up,  they  are  by  no  means  abundant  everywhere.  Thus  remarkably 
few  were  met  with  in  the  third  and  fourth  foot-levels  in  the  Gallery ;  in 
other  words,  they  were  almost  entirely  absent  in  that  part  of  the  deposit  in 
which  cave-earth  was  but  sparingly  present.  This  is  not  ascribable  to  the 
comparatively  contracted  character  of  the  Gallery,  or  the  distance  from 
the  external  entrances,  for  in  the  two  upper  feet  they  occurred  in  average 
abundance ;  indeed  the  last  spadeful  of  true  red  loam  found  in  the  Gallery 
contained  a  fine  canine  of  Hyctna  spclcca.  Again,  in  the  Passage  of  Urns, 
near,  and  lying  between,  the  two  external  entrances  of  the  cavern,  where,  as 
has  been  stated,  the  deposit  was  almost  exclusively  made  up  of  loose  angular 

fragments  of  limestone,  there  were  but  few  bones,  and  the  few  which  did 


8  REPORT — 1866. 

occur  lay  in  the  small  patches  of  cave-earth  which  here  and  there,  chiefly  in 
the  lowest  level,  presented  themselves.  In  short,  though  they'  occurred 
almost  exclusively  in  the  higher  levels  of  the  Gallery  and  the  lowest  of  the 
Passage,  in  hoth  they  were  found  only  where  the  cave-earth  was  found. 
Where  the  latter  is  present,  hut  not  elsewhere,  hones  may  with  considerable 
confidence  he  looked  for. 

Very  many  of  the  long  hones  have  been  split  longitudinally,  and,  so  far  as 
is  known,  all  the  bones  thus  split,  as  well  as  many  others,  are  distinctly  scored 
with  teeth-marks — prohably  those  of  the  hyaena  chiefly.  It  is  difficult  to 
suppose,  cither  d  priori  or  from  an  examination  of  them,  that  less  than  human 
agency  could  have  so  divided  them,  and  it  is  obvious  that  unless  they  were 
gnawed  soon  after  they  wcro  riven,  they  would  scarcely'  be  worth  gnawing  at 
all. 

So  far  as  is  at  present  known,  the  labours  of  the  last  twelve  months  have 
failed  to  add  a  new  species  to  the  list  of  animals  given  in  the  First  Report, 
Remains  of  Hyama  still  preponderate ;  the  Horse  and  Rhinoceros  are  pro- 
bably next  in  prevalence ;  no  bones  of  either  Machairodus,  Hippopotamus,  or 
Man  have  yet  been  met  with  ;  and,  with  one  exception,  the  clcphantoid  relics 
are  those  of  small  individuals.  Three  teeth  of  Elephant,  probably  Elephas 
primigenhis,  aro  remarkable  for  their  diminutivencss,  even  when  compared 
with  the  smallest  of  those  mentioned  last  year.  Indeed  one  of  them  is  no 
more  than  eight-tenths  of  an  inch  long.  The  others  are  somewhat  larger, 
but  are  interesting  from  being  peculiarly  narrow  in  proportion  to  their 
lengths,  and  from  their  plates  standing  out  in  prominent  ridges  on  the  lateral 
surfaces.  They  were  all  found  in  the  fourth  or  lowest  level,  but  in  three 
distinct  parallels. 

Flint  "  implements  "  have  been  found  in  every  branch  of  the  cavern  yet 
explored — the  Chamber,  the  Gallciy,  and  the  Passage  of  Urns.  In  the  last 
they  were  just  as  numerous  as  in  the  other  branches,  occurring  amongst  the 
loose  stones,  where  bones  failed  to  present  themselves. 

Omitting  mere  chips  and  very  inferior  specimens,  upwards  of  70  "  imple- 
ments "  have  been  found  since  the  First  Report  was  drawn  up,  making, 
with  those  mentioned  last  year,  something  more  than  100  specimens  since  the 
commencement  of  the  exploration.  About  one-third  of  this  total  were  met 
with  in  each  of  the  first  and  second  foot-levels  below  the  stalagmite,  and 
something  more  than  one-sixth  in  the  third  foot.  In  short,  up  to  this  time, 
■  each  level  has  been  rather  less  productive  than  those  above  it — a  statement 
differing  from  the  corresponding  one  of  last  year. 

The  "  implements  "  are  divisible  into  three  classes : — 

1st.  Mere  flakes,  probably  struck  off  in  making  the  more  finished  tools,  hut 
which,  no  doubt,  would,  from  their  Bharp  edges,  be  eminently  useful  for  cut- 
ting or  scraping. 

2nd.  Lanceolate  "  implements,"  pointed  at  one  end  and  truncated  at  the 
other. 

3rd.  Oval  "  implements,"  convex  on  both  sides,  and  worked  to  an  edge  all 
round  the  margin. 

The  largest  specimen  of  the  first  class  is  nearly  5  inches  long,  and 
in  greatest  breadth  and  thickness  measures  2|  inches  and  1  inch 
respectively.  It  is  a  portion  of  a  nodule  of  coarse-grained  light-grey  flint, 
and  in  one  part  retains  the  original  unfractured  surface.  As  in  the  ease  of 
several  others  of  the  same  class,  its  edges  are  so  sharp  and  uninjured  as  to 
render  it  in  the  highest  degree  probable  that  it  was  struck  off  in  the  cavern, 


/ 
on  rent's  cavern,  Devonshire. 

,'Cn 

and  had  neither  been  used,  nor  exposed  to  the  rolling  or  al 
water  in  motion.     It  was  found  in  the  Chamber,  53  feet  fron1 

entrance,  in  the  fourth  foot-level  below  the  stalagmite,  which  ^  _ 

to  15  inches  thick  and  extended  uninterruptedly  for  considerable  distances 
in  every  direction. 

The  lanceolate  "  implements  "  are  of  two  kinds — round-pointed  and  sharp- 
pointed.     They  are  widest  near  tho  posterior  extremity,  and  one  surface  has 
usually  a  central  longitudinal  ridge  or  keel,  whilst  the  other  is  flat,  or  concave 
lengthwise,  but  which,  whether  flat  or  concave,  appears  almost  invariably  to 
hare  been  produced  at  a  single  stroke.     Of  the  round-pointed  variety,  a  well- 
formed  specimen  was  found  in  the  Chamber,  46  feet  from  the  entrance,  in  the 
upper  part  of  the  first  level  or  foot  of  cave-earth,  immediately  below  the 
stalagmite,  which,  at  this  part,  was  from  one  and  a  half  to  three  feet  thick. 
It  measures  about  two  inches  long,  and  three-quarters  of  an  inch  broad ;  it 
is  strongly  carinated  on  one  side,  and  longitudinally  concave  on  the  other. 
A  second  and  still  finer  "implement"  measures  nearly  three  and  a  half 
inches  long,  rather  more  than  one  inch  in  greatest  breadth,  and  four-tenths 
of  an  inch  thick.     It  differs  from  the  former  in  a  few  particulars.     Tho  con* 
tral  longitudinal  ridge,  at  about  an  inch  and  a  half  from  tho  hinder  end, 
bifurcates  symmetrically  as  if  a  small  flake  had  been  struck  off.     Hence  tho 
carinated  aide  has  three  distinct  surfaces,  each  of  which  is  very  slightly  con- 
cave.    There  are  several  small  facets,  each  produced,  no  doubt,  by  a  separate 
and  well-directed  gentle  stroke  on  the  rounded  anterior  extremity,  which 
seems  too  thick  to  render  it  probable  that  the  "implement"  could  have  been 
intended  to  be  used  as  a  spear-head.     But  for  these  facets,  the  "  implement," 
though  beautifully  and  very  symmetrically  shaped,  appears  to  have  required  no 
more  than  four  strokes  for  its  formation ;  but  in  order  to  do  this,  the  fracture 
must  in  each  case  have  been  remarkably  clean.    Indeed  the  beautiful  smooth- 
ness by  which  all  the  surfaces  are  characterized  suggests  a  doubt  as  to  whether 
it  may  not  have  been  produced  by  some  degree  of  polishing.    Tho  small  facets, 
however,  are  perhaps  scarcely  in  keeping  with  this  hypothesis.     Its  posterior 
extremity  is  not  sharply  truncated,  but  somewhat  irregular,  and  both  its 
lateral  margins  are  slightly  broken.     It  was  found  very  near  the  centre  of 
the  Chamber,  2  feet  deep  in  the  red  earth,  and  having  over  it  a  thick  floor 
of  stalagmite.     like  the  specimen  previously  described,  it  is  formed  of  very 
fine-grained  flint  of  a  light  cream-colour.     On  one  side  it  is  longitudinally 
concave. . 

The  "  implements "  belonging  to  tho  second  variety  differ  from  these  not 
only  in  being  sharp-pointed,  but  in  tapering  more  rapidly  near  the  anterior 
extremity,  in  terminating  in  a  thinner  point,  near  which  the  keel,  instead  of 
being  rectilineal,  is  gently  curved,  and  tho  lateral  margins,  instead  of  being 
symmetrical,  are  one  slightly  convex  and  the  other  concave,  conforming,  in 
fact,  to  the  deflection  of  the  central  ridge.  In  one  specimen  there  are,  on  the 
flat  side  and  near  the  point,  several  very  small  marginal  facets.  This  fine 
^implement,"  or  rather  portion  of  one,  is  of  whitened  flint.  It  was  found  in 
the  Chamber,  48  feet  from  the  entrance,  in  the  third  level,  beneath  a  thick 
floor  of  stalagmite. 

Amongst  the  lanceolate  "  implements "  there  is  one  sharply  truncated  at 
both  ends,  the  point  probably  having  been  broken  off.  It  is  3  inches  long, 
but  when  entire  must  have  measured  another  inch ;  its  greatest  width  some- 
what exceeds  1  inch.  The  flat  side  has  been  produced  by  a  series  of  blows, 
and  suggests  the  ideas  that  the  stroke  which  detached  the  "implement" 
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from  the  flint  core  left  this  a  somewhat  irregular  surface ;  that  a  near  approxi- 
mation to  flatness,  and  especially  smoothness,  on  this  side  was  essential  to 
the  performance  of  the  work  for  which  the  tool  was  to  be  used ;  and  that  the 
requisite  character  was  produced  by  numerous  minute  drippings  carefully 
and  skilfully  directed.  The  obverse  also  contains  evidence  of  a  more  than 
usual  amount  of  work.  It  has  two  somewhat  irregular  and  rudely  parallel 
longitudinal  ridges,  as  well  as  several  facets.  The  lateral  margins  are  not 
quite  symmetrical.  It  is  formed  of  fine-grained  flint,  of  a  light  lead-colour 
inclining  to  whiteness ;  and  it  was  found  in  the  Chamber,  49  feet  from  the 
external  entrance,  3  feet  deep  in  the  red  deposit,  and  covered  with  a  thick 
stalagmitic  floor. 

The  only  specimen  of  the  third  or  ovoid  class  found  since  the  First 
Report  was  presented  is  quite  the  finest  "implement"  which  has  been 
exhumed  during  the  present  exploration.  It  measures  4£  inches  long, 
3£  inches  in  greatest  breadth,  and  about  1  inch  in  maximum  thickness. 
It  is  strictly  oval  in  form,  being  wider  at  one  end  than  at  the  other. 
Like  the  fine  "  implements "  of  the  same  class  described  in  the  former  Report, 
it  is  formed  of  a  somewhat  coarse-grained  greyish  flint.  The  bilateral  sym- 
metry of  its  outline  is  sensibly  perfect.  Its  opposite  faces  differ  somewhat  in 
convexity ;  each  of  them,  and  especially  that  which  is  most  convex,  displays 
a  large  amount  of  chipping.  This  splendid  tool  was  found  55  feet  from  the 
entrance,  8  feet  from  both  the  northern  and  the  western  wall  of  the  Chamber, 
in  the  fourth  foot  of  cave-earth,  or  the  lowest  yet  excavated,  beneath  stalag- 
mite which  was  about  a  foot  thick  and  extended  without  a  break  for  several 
yards  in  every  direction ;  and  it  was  dug  out  in  the  presence  of  one  of  the 
Superintendents  and  two  gentlemen  who  accompanied  him  to  the  cavern. 

Besides  the  foregoing  "  implements,"  all  of  which,  as  has  been  stated,  were 
found  in  the  Chamber,  there  is  one  which  was  met  with  8  feet  from  the  inner 
end  of  the  Gallery,  or  83  feet  from  the  external  entrance  of  the  cavern ;  and 
which  seems  to  connect  the  lanceolate  and  ovoid  classes, — resembling  the  first 
in  being  pointed,  and  the  second  in  being  worked  to  an  edge  round  its  entire 
perimeter.  Its  dimensions  are  less  than  those  of  any  oval,  and  its  breadth, 
in  proportion  to  its  length,  exceeds  that  of  any  lance-shaped  "  implement " 
which  the  cavern  has  yielded.  It  is  3  inches  long,  and  in  greatest  breadth  and 
thickness  measures  an  inch  and  three-quarters  and  four*tenths  of  an  inch  re- 
spectively ;  it  is  nearly  an  inch  and  a  quarter  wide  at  the  broad  end,  attains  its 
maximum  breadth  about  midway  in  its  length,  and  has  lost  its  extreme  point 
It  is  formed  of  fine-grained  flint  of  a  cream-colour,  and  differs  from  all  the 
other  cavern  "  implements  "  in  having  what  may  be  conveniently  termed  a 
4€  varnished  "  or  u  glazed  "  surface.  This  "  implement,"  which  seems  to  have 
experienced  rough  usage,  was  found  in  the  second  foot-level  below  the  stalag- 
mite, which,  in  the  Gallery,  as  already  stated,  is  the  lowest  composed  of  true 
cave-earth. 

Though,  as  has  been  stated,  the  lower  levels  have,  on  the  whole,  yielded 
fewer  "  implements "  than  the  upper,  it  is  still  true  that  "  those  found  in 
the  third  and  fourth  levels  are  the  most  highly  wrought '  implements,'  "  and 
also  that  "  those  in  the  fourth  or  lowest  zone  are  the  most  elaborately  finished 
tools  of  the  cavern  series."  In  glancing  over  all  that  have  been  dug  out 
during  the  present  exploration,  it  appears  that  whilst  there  are  several  inter- 
esting tools  from  the  first  level,  and  a  larger  number  from  the  second,  neither 
of  these  zones  has  yielded  an  ovoid  "  implement ;"  that  from  the  third  belt 
were  exhumed  the  first  oval  and  the  two  best  lanceolate  forms ;  and  that  the 


ON  THE  CHEMICAL  NATUBE  OF  CAST  IRON.  11 

two  oral  tools  found  in  the  lowest  level  are  very  decidedly  the  most  carefully 
finished  specimens  which  the  cavern  has  yielded.  In  the  present  stage  of  the 
investigation,  the  Committee  think  it  neither  desirable  nor  necessary  to  enter 
into  any  arguments  to  prove  the  artificial  character  of  at  least  many  of  the 
flints  which  they  have  found.  Indeed  they  apeak  for  themselves ;  and  in 
terms  so  unmistakeable  that  if  they  do  not  succeed  in  carrying  conviction  to 
the  mind  of  the  observer,  any  words  that  could  be  employed  must  certainly 
fail  also. 

It  will  be  of  interest,  however,  to  call  attention  to  certain  other  evidences 
of  human  existence  found  in  the  cave-earth.  As  already  remarked,  it  was 
stated  in  the  first  Report  that  a  whetstone  had  been  found  below  the  stalag- 
mite. Very  shortly  after  that  Report  was  drawn  up  a  second  stono  was  met 
with,  formed  of  a  fragment  of  similar,  though  somewhat  finer-grained,  green- 
ish grit.  Its  form  is  not  quite  the  same  as  that  of  the  first  specimen.  Mr. 
Franks  states  that  "  it  closely  resembles  some  stones  found  in  the  Bruniquel 
cares,  in  form  and  material."  It  was  lying  in  the  first  level  of  cave-earth,  43 
feet  from  the  entrance,  where  the  overlying  stalagmite  was  26  inches  thick 
and  extended  many  yards  in  every  direction. 

Several  pieces  of  burnt  bone  were  found  in  the  cave-earth  in  the  Gallery— 
*omc  near  the  extreme,  and  others  near  its  inner  end.  One  of  them  was 
found  in  the  first,  and  one  in  the  third,  but  most  of  them  in  the  second  foot- 
level.  In  each  case  the  deposit  was  overlain  by  a  thick  cake  of  stalagmite. 
Bant  bones  have  been  found  in  the  red  earth  in  several  parts  of  the  Chamber 
also. 

In  conclusion,  the  Committee  would  remark  that  the  careful  and  unremit- 
ting labour  bestowed  on  the  cavern  during  the  last  year  and  a  half  has  pro- 
duced a  large  accumulation  of  facts,  consistent  with  one  another  and  with 
those  recorded  by  the  earlier  explorers.  Of  the  discoveries  made,  the  uniform 
testimony  is  that  beneath  a  thick  floor  of  stalagmite,  so  difficult  to  work  as  to 
require  excellent  tools  and  untiring  perseverance,  there  are  everywhere  found, 
inosculating  with  bones  of  extinct  mammals,  and  undoubtedly  inhumed  at  the 
Mime  time,  human  industrial  remains,  of  a  character  so  humble  and  so  little 
varied  as  to  betoken  a  very  low  type  of  civilization. 


Preliminary  Report  on  the  Chemical  Nature  of  Cast  Iron. 
By  A.  Matthiessen,  F.R.S. 

1»  the  Transactions  of  the  British  Association  for  1863  it  was  pointed  out,  in 
a "  Report  on  the  Chemical  Nature  of  Alloys/'  that  alloys  may  be,  when  in  a 
wlid  state,— 

(1)  Solidified  solutions  of  the  one  metal  in  the  other; 

(2)  Chemical  combinations ; 

(3)  Solidified  mechanical  mixtures ; 

(4)  Or  solidified  solutions  of  mixtures  of  any  of  these. 

It  is  important  to  clearly  understand  what  is  here  meant  by  the  term 
"  solidified  solution,"  for  in  speaking  of  alloys  they  are  generally  considered 
to  be  either  mechanical  mixtures  or  chemical  combinations.    In  the  "Report 
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on  the  Chemical  Nature  of  Alloys/'  I  have  defined  the  terms  "  solution  of  one 
metal  in  the  other,  as  one  like  that  of  ether  and  alcohol ;  for  these  two  liquids 
may  be  mixed  in  any  proportion,  and  they  will  not  separate,  by  standing,  into 
two  layers,"  and  "  solidified  solutions  as  a  most  intimate  mixture,  such  as 
would  occur  in  the  sudden  conversion  of  a  solution  of  two  liquids  into  a  solid, 
and  a  much  more  intimate  mixture  than  can  be  obtained  by  ordinary  mecha- 
nical means — in  fact  a  perfectly  homogeneous  diffusion  of  one  body  in  another. 
An  excellent  example  of  homogeneous  diffusion  is  furnished  by  glass,  which 
is  formed  in  a  liquid  state  at  a  high  temperature,  and  solidifies  on  cooling 
without  separation  of  the  different  silicates." 

Before  deducing  the  chemical  nature  of  cast  iron  from  what  is  already 
known,  it  will  be  as  well  to  compare  the  physical  deportment  of  the  alloys 
of  carbon  and  iron  with  that  of  other  alloys ;  for  instance,  with  those  of  tin 
and  copper,  and  zinc  and  copper.  Pure  iron  is  said  to  bo  very  malleable,  so 
is  pure  copper;  iron  alloyed  with  small  quantities  of  carbon  (malleable,  wrought 
iron)  is  less  malleable  and  harder  than  the  pure  metal ;  so  is  copper,  when 
alloyed  with  small  quantities  of  tin  or  zinc,  less  malleable  and  harder  than 
the  pure  metal.  Iron  alloyed  with  from  1  to  2  per  cent,  of  carbon  has 
obtained  its  maximum  state  of  hardness  in  conjunction  with  a  certain 
degree  of  malleability  and  ductility  (steel);  copper  alloyed  with  certain 
quantities  of  tin  or  zinc  possesses  similar  properties,  forming  gun-metal 
and  brass. 

Again,  increase  the  amount  of  carbon  in  the  iron  and  the  mass  becomes 
brittle  and  unworkable  (cast  iron)  ;  so  also  do  the  alloys  of  copper,  and  tin  or 
zinc,  when  the  amount  of  the  latter  exceeds  that  contained  in  gun-metal  or 
brass  by  a  few  per  cent. 

Leaving  out  of  consideration  the  impurities  of  cast  iron,  let  us  first  discuss 
the  alloys  of  carbon  and  iron,  and  these  we  find  may  be  divided  into  two 
classes,  viz.  the  white  and  the  grey  cast  iron. 

Now  the  essential  difference  between  these  two  forms  is  the  state  in  which 
the  carbon  exists  in  them.  In  the  one  (white)  it  is  said  to  be  chemically 
combined  with  the  iron,  in  the  other  (grey)  mechanically  mixed  with  the 
iron.  As  these,  the  white  and  the  grey  iron,  may  be  converted  into  one 
another  by  re-fusion  (for  if  certain  sorts  of  white  iron  be  fused  at  a  low 
temperature  and  allowed  to  cool  slowly,  grey  will  be  produced,  and  conversely, 
if  grey  iron  be  fused  at  a  high  temperature  and  cooled  rapidly,  white  iron), 
it  follows  that  the  chemical  combination  of  carbon  and  iron  may  be  made  to 
split  up  into  its  component  elements  simply  by  slowly  cooling  the  molten  mass. 
Bearing  on  this  point  are  the  following  experiments  made  by  Karsten :  he  took 
a  mass  of  cast  iron  and  determined  the  amounts  of  so-called  chemically  com- 
bined and  uncombined  (graphitic)  carbon  in  it ;  he  then  melted  it  and  cast  it 
in  a  mould,  analyzed  the  outer  and  inner  portion  of  it.  The  following  are 
the  results  he  obtained: — 

Carbon  per  cent. 

Combined.  Uncombined. 

Before  melting 078  3-25 

Outer  (white)  portion  of  casting 5*10  ■ 

Inner  (grey)  portion  of  casting     0*61  3*16 

Now,  can  it  be  possible  that  the  carbon  is  really  chemically  combined  with 
the  outer  portion  of  the  casting  and  not  in  the  inner?  if  this  be  so, it  is  I 
think  the  only  case  known  of  a  chemical  combination  in  which  the  elements 
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are  so  loosely  held  together  that  the  various  rates  of  cooling  will  determine 
their  combination  or  decomposition. 

From  the  analogy  of  the  alloys  of  carbon  and  iron  with  other  alloys,  it  is 
possible  that  the  case  is  as  follows ;  namely,  that  the  carbon  and  iron  exist 
in  the  molten  state  as  a  solution  of  the  one  in  the  other — when  in  the  white 
state  as  a  solidified  solution  of  carbon  in  iron,  and  when  in  the  grey  state  as 
a  mechanical  mixture  of  carbon  and  iron. 

If  the  above  assumption  bo  correct,  then  the  conversion  of  white  into  grey 
cast  iron,  and  vice  versd,  may  be  easily  explained ;  for  if  in  the  liquid  state  the 
carbon  and  iron  be  only  a  solution  of  carbon  and  iron,  then  we  can  easily 
understand  why  the  carbon,  when  the  molten  mass  is  heated  to  a  high 
temperature  and  cooled  slowly,  crystallizes  out,  and  when  cooled  quickly,  not 
having  time  to  crystallize  out,  remains  homogeneously  diffused  through  the 
iron ;  as  it  is  very  probable  that  molten  iron  will  dissolve  more  carbon  at 
higher  temperatures  than  at  lower  ones. 

The  two  chief  reasons  for  assuming  that  the  carbon  and  iron  exist  in  the 
state  of  chemical  combination  are, 

(1)  That  when  white  iron  is  dissolved  in  dilute  acids,  the  carbon  combines 
with  the  hydrogen,  forming  carburetted  hydrogen. 

(2)  That  different  carbides  of  iron  havo  been  isolated. 

First,  respecting,  the  chemical  behaviour  of  the  carbon  in  the  white 
iron,  the  following  remarks  may  be  made.  If  it  be  assumed  that  the  carbon 
in  cast  iron  is  homogeneously  diffused  through  the  mass,  then  it  must  be  in 
an  exceedingly  fine  state  of  division — in  fact  in  just  the  state  for  combining 
with  other  bodies;  for  it  is  well  known  that  carbon  as  well  as  other  sub- 
stances possess  properties,  when  in  a  stato  of  fine  division,  which  they  do  not 
possess  when  in  a  more  coherent  form.  Thus  in  the  case  of  carbon,  the  more 
porous  it  is  the  more  active  it  becomes  in  decolorizing  liquids  and  absorbing 
and  condensing  gases  in  its  pores.  Platinum  is  also  a  good  example  of  this 
.  fact ;  in  a  dense  form,  as  in  foil,  it  only  possesses  the  property  of  condensing 
gases  on  its  surface  to  a  very  feeble  extent ;  in  its  spongy  form  it  possesses 
this  property  in  a  very  marked  degree,  and  as  platinum-black  possesses  it  to 
a  far  greater  extent  than  the  spongy  modification. 

As  another  example  of  the  influence  of  the  chemical  activity  of  bodies  when 
in  a  fine  state  of  division,  we  may  take  the  cases  of  iron,  lead.&c,  these 
metals,  when  in  a  coherent  form,  undergoing  when  exposed  to  the  atmosphere 
only  a  very  slow  oxidation,  but  when  in  a  very  fine  stato  of  division  (reduced 
oxides)  combining  with  oxygen  instantly. 

The  chemical  behaviour  of  the  constituents  of  alloys  is  sometimes  different 
when  in  an  alloy  from  what  it  is  when  alone  ;  thus  platinum  when  alloyed 
with  silver  dissolves  to  a  certain  extent  in  nitric  acid.  Now,  taking  the  de- 
terminations of  the  conducting-powers  of  alloys  as  a  means  of  testing  their 
chemical  constitution,  I  should  with  certainty  say  that  there  exists  in  the 
alloys  of  platinum  with  silver  no  chemical  combination,  for  their  observed 
and  calculated  conducting-powers  agree  togothcr  better  than  for  any  other 
series  of  alloys.  The  curves  representing  the  conducting-powers  of  the  alloys 
of  these  metals  with  one  another  possess  the  typical  form  of  the  alloys  of  that 
class  of  metals  to  which  these  belong. 

2ndly.  With  regard  to  the  definite  chemical  combinations  which  havo  been 
isolated  from  cast  iron,  it  may  bo  remarked  that  definite  crystalline  forms  with 
alloys  do  not  necessarily  indicate  chemical  combinations.  Cooko*,  I  believe, 
*  Memoirs  of  the  American  Academy  (new  series),  toL  viii.  p.  27. 
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was  the  first  to  point  out  this  fact  with  regard  to  alloys,  in  a  paper  on  the 
alloys  of  antimony  and  zinc.  He  showed  that  those  containing  43  to  64  per 
cent,  of  zinc  all  crystallize  in  the  same  form,  but  differently  from  the  other 
alloys.  With  the  alloys  of  gold  and  tin  it  has  been  shown*  that  well-de- 
nned crystals  are  not  limited  to  definite  proportions  of  the  constituents,  bat 
are  common  to  all  gold  and  tin  alloys  containing  from  27  to  43  per  cent,  of 
gold;  and  that  crystals  and  mother-liquor  never  are  of  the  same  composition. 
Storerf  has  also  experimentally  proved  that  all  the  copper  and  zinc  alloys 
crystallize  in  the  same  form. 

These  facts  show  that  the  crystalline  alloys  of  carbon  and  iron  do  not  prove 
the  existence  of  chemical  combination  between  them,  more  especially  when 
we  consider  that  several  definite  crystalline  compounds  of  carbon  and  iron 
have  been  obtained.  In  all  probability,  by  altering  the  conditions  of  cooling, 
&c,  crystals  of  iron  containing  various  amounts  of  carbon  may  be  obtained 
from  the  same  sample  of  cast  iron.  For  the  chemical  combination  theory  of 
oast  iron  we  have — 

(1)  The  evolution  of  carburetted  hydrogens  when  white  cast  iron  is  treated 
with  dilute  acids. 

(2   The  existence  of  definite  crystalline  forms  of  carbon  and  iron. 

Against  it — 

(1)  The  analogy  of  the  alloys  of  carbon  and  iron  with  the  other  alloys. 

(2)  The  fact  of  carbon  in  such  a  fine  state  of  division  that  it  may  exist  in 
white  iron  (solidified  solution)  and  may  be  able  to  unite  with  hydrogen  at 
the  moment  of  being  set  free  (as  in  the  case  of  platinum-silver  alloys,  where 
a  portion  of  the  platinum  is  dissolved  by  nitric  acid). 

(3)  We  know  of  no  other  case  where  with  two  elements  the  different  rates 
of  cooling  determine  the  chemical  combination  or  decomposition  (conversion 
of  white  into  grey  and  grey  into  white  cast  iron). 

(4)  That  with  alloys  definite  crystalline  forms  are  not  necessarily  chemical 
combinations.  > 

That  iron  in  a  molten  state  will  not  dissolve  more  than  about  5  per  cent,  of 
carbon  is  analogous  to  the  cases  of  lead  and  zinc,  bismuth  and  zinc,  mercury  and 
zinc.  For  it  has  been  shown  %  that  pure  lead  will  only  dissolve  1-6  per  cent. 
a  pure  zinc,  and  pure  zinc  1*2  per  cent,  of  pure  lead ;  that  pure  sine  will 
only  dissolve  2-4  per  cent,  pure  bismuth,  and  pure  bismuth  from  8*6  to  14-3 
per  cent,  pure  zinc§. 

Now,  although  no  actual  determinations  have  been  made,  we  may  suppose 
that  the  solvent  power  in  the  above-mentioned  cases  of  the  one  metal  for  the 
other  at  higher  temperatures  will  be  greater  than  at  lower  ones  ;  hence,  for 
instance,  zinc  (containing  a  small  percentage  of  lead)  might  possibly  be 
made  to  crystallize  from  a  molten  alloy  of  lead  and  zinc,  containing,  say,  from 
2  to  2*5  per  cent.  zinc. 

Supposing  the  metals  lead  and  zinc  be  melted  together  in  equal  parts, 
what  takes  place  ?  The  zinc  (according  to  the  temperature)  takes  up  a  cer- 
tain amount  of  lead,  and  floats  upon  the  lead  which  has  taken  up  a  certain 
amount  (according  to  the  temperature)  of  the  zinc.  If  these  two  alloys  were 
intimately  mixed  together  (by  stirring  or  shaking)  and  cooled  rapidly,  we 
might  suppose  that  under  certain  conditions  an  almost  homogeneous  mixture 
might  be  obtained ;  or  supposing  we  were  rapidly  to  cool  a  solution  of  zinc 

•  Memoirs  of  the  American  Academy  (new  series),  vol.  v.  p.  837. 

t  Froe.  Roy.  Soc.  vol.  xi.  p.  483.  %  Ibid.  p.  430.  §  Ibid, 
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in  lead,  we  should  produce  a  solid  mass  similar  to  what  we  termed  a  solidified 
solution. 

Again,  if  only  a  few  per  cent,  of  tin  be  added  to  the  mixture,  of,  say,  ten 
parts  nno  in  lead,  a  perfect  alloy  will  be  formed. 

Applying  these  facts  to  the  alloys  of  carbon  and  iron,  we  are  led : — 

(1)  To  look  upon  white  iron  (containing  small  percentages)  as  a  solidified 
solution  of  carbon  and  iron  ; 

(2)  When  containing  larger  percentages  as  a  solidified  solution  of  carbon 
and  iron,  with  carbon  diffused  through  the  mass  in  a  very  fine  state  of  divi- 
sion; 

(3)  When  containing  large  percentages  of  carbon,  together  with  certain 
other  substances  (manganese,  to  wit),  as  a  solidified  solution  of  carbon,  iron, 
and  the  other  substances. 

And  to  look  on  the  grey  modification  as  a  solidified  solution  of  carbon  and 
iron,  with  carbon  (varying  amounts  of  the  graphitic  modification)  mechani- 
cally intermixed. 

Another  point  in  favour  of  the  above  may  be  mentioned,  namely,  that  it 
has  been  observed  that  the  conducting-power  of  the  pure  metal  may  be 
deduced  from  that  of  the  impure  one,  where  the  conducting-power  of  the 
impure  metal  differs  from  that  of  the  pure  one  by  not  more  than  20  per  cent. ; 
this  has  been  found  to  hold  good  only  in  cases  where  solidified  solutions 
exist. 

Sow  some  experiments*  have  been  made  in  this  direction  with  various 
kinds  of  iron.     The  results  obtained  were  as  follows : — 

Specific  conducting-power  in  tormi  of  the  B.A.  unit  for 
metre  length  and  millimetre  diameter. 
•».  /m_         ,  Deduced  for 

No.  Observed.  puPemetel. 

5 7-472  8-207 

6 7-438  8-191 

7 6-755  7-863 

9 7-002  7-898 

13 6-322  7-855 

15 6-551  7-950 

The  amount  of  impurities  in  5,  6,  7  were,  in  100  parts, — 

5.  6.                  7. 

Sulphur 0-190  0121  0-104 

Phosphorus    0020  0-178  0106 

Silicium 0-014  0160  0-122 

Carbon 0-230  0040  0-020 

Manganese,      1  0.no  0.029  0.280 
mckel,  Cobalt  J 

No.  9.  From  a  piece  of  sheet-iron. 

No.  13.  Pianoforte  wire. 

No.  15.  Commercial  iron  wire. 

These  data  show  that  the  alloys  of  iron  follow  in  this  respect  the  same 
laws  a*  those  of  other  metals. 

*  Phil.  Trans.  1804,  p.  369. 
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To  sec  whether  the  above  assumptions,  as  to  the  chemical  nature  of  cast 
iron,  are  correct,  it  is  proposed — 

(1)  To  make  some  pure  iron. 

(2)  To  alloy  the  pure  iron  with  various  amounts  of  carbon  and  to  test  the 
physical  and  chemical  properties  of  these  alloys. 

(3)  To  alloy  the  pure  iron  in  different  proportions  with  other  metals  and 
metalloids. 

From  the  forgoing  considerations  I  expect  to  be  able  to  produce  analogous 
alloys  to  iron  and  carbon  with  some  of  the  other  metals,  having  the  peculiar 
properties  of  cast  iron,  steel,  and  wrought  iron ;  and  probably  some  may  be 
found  to  be  much  better  adapted  for  certain  purposes  than  the  alloys  of  car- 
bon and  iron — for  instance  less  liable  to  become  crystalline  by  age,  &c 

(4)  To  alloy  the  pure  iron  with  various  amounts  of  carbon,  and  to  add  to 
these  alloys  such  substances  as  are  found  in  the  commercial  irons  so  as  to 
study  their  respective  effects  on  the  physical  and  chemical  nature  of  cast  iron, 
and  more  especially  on  their  influence  on  the  solvent  power  of  iron  for 
carbon. 

It  is  intended  to  investigate  carefully  the  action  of  dilute  and  strong  acids 
on  the  various  alloys  of  iron  and  carbon,  in  order  to  see  how  far,  and  under 
what  conditions,  the  carbon  is  evolved  as  carburetted  hydrogen. 

The  experiments  will  be  made  on  a  small  scale,  fusion  taking  place  in  one 
of  Seville's  oxyhydrogen  furnaces,  which  gives  an  admirable  means  of  experi- 
menting with  refractory  metals. 

The  pure  iron  will  partly  be  prepared  from  the  oxalate,  and  partly  by  the 
electrotype  process,  and  fused  in  lime  crucibles. 

The  experiments  have  already  been  commenced,  and  I  hope  at  the  next 
Meeting  of  the  Association  to  report  good  progress. 


Report  on  Observations  of  Luminous  Meteors,  1865-G6.  By  a  Committee, 
consisting  of  James  Glaisher,  F.R.S.,  of  the  Royal  Observatory, 
Greenwich,  Secretary  to  the  British  Meteorological  Society,  §c. ; 
Robert  P.  Greg,  F.G.S.,  $c. ;  E.  W.  Brayley,  F.R.S.,  $c. ;  and 
Alexander  S.  Herschel,  B.A. 

Tub  Committee  have  the  satisfaction  to  present  in  their  Report  a  marked 
degree  of  progress  over  their  success  in  former  years.  Observations  of  three 
large  meteors,  at  the  Royal  Observatory,  Greenwich,  have  been  confirmed  by 
descriptions  of  observers  at  distant  places,  so  that  the  height  and  velocity  of 
the  meteors  could  be  conclusively  determined  (Appendix  I.  1, 2, 4)  ;  and  the 
account*  of  meteors  continually  communicated  by  observers  to  the  Committee 
have  led  in  other  cases  to  obtaining  the  same  satisfactory  result. 

The  Committee  are  particularly  indebted  to  Mr.  Warren  Do  la  Rue  for  a 
collection  of  excellent  descriptions  of  the  detonating  fireball  of  the  21st  of 
November  1865,  placed  by  Mr.  Warren  De  la  Rue  at  the  disposal  of  the  Com- 
mittee, bf  which  the  earth-distance,  the  velocity,  and  the  direction  of  this 
meteor  in  space  could  be  determined. 

Exact  determinations  of  the  height,  and  other  particulars  of  large  meteors 
different  parts  of  the  globe,  are  collected  in  this  Report,  following  the 
hiloguc,  in  Appendix  II.      Remarkable  statements  regarding  the  large 
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detonating  meteor  which  appeared  over  the  Dover  Straits  on  the  forenoon  of 
the  20th  of  June  1866,  with  instrumental  measurements  of  its  apparent  path 
by  Mr.  Francis  Gal  ton,  will  he  found  in  this  Appendix. 

The  object  of  the  Committee  in  providing  star-charts  to  observers  of  the 
meteoric  shower  of  November  last,  was  attained ;  and  accurate  observations 
of  luminous  meteors  under  that  date  are  presented  in  the  Catalogue  of  the 
Import.  The  radiant-point  of  the  meteoric  shower,  during  the  period  of  its 
greatest  activity,  was  situated  within  two  degrees  of  the  place  which  it  oc- 
cupied in  the  interval  of  the  greatest  meteoric  activity  of  the  same  shower  in 
the  year  1833 — a  fact  in  itself  demonstrative  of  the  fixed  uranographical 
character  of  the  phenomenon  (Appendix  IV.  2). 

The  height  of  the  November  meteors  is  shown  in  this  Report  to  be  the 
tame  as  that  of  ordinary  shooting-stars,  or  about  sixty  miles  above  the  sur- 
face of  the  earth ;  whilst  with  regard  to  their  speed,  they  are  three  times 
swifter  than  those  meteors  which  at  the  same  time  arrive  from  the  direction 
of  tho  constellation  Taurus, 

Bearing  in  mind  the  strong  probability  that  exists  of  the  occurrence  in  the 
present  year  of  a  more  extraordinary  meteoric  shower,  on  the  morning  of  the 
13th  or  on  the  morning  of  the  14th  of  November,  than  any  that  has  yet  been 
observed  at  the  English  observatories,  the  Committee  during  the  past  year 
judged  it  un advisable  to  incur  avoidable  expense,  or  to  exceed  the  means  at 
their  command  by  lithographing  the  charts  of  general  radiant-points  of  shoot- 
ing-stars, exhibited  two  years  ago  at  Bath,  to  the  Meeting  of  the  British 
Association,  and  these  they  now  suggest  might  be  printed,  and  distributed 
with  advantage. 

The  occasion  of  tho  return  of  the  great  November  shower  being  one  of  very 
rare  occurrence,  the  Committee,  with  the  view  of  profiting  by  the  opportunity 
thus  afforded  of  observing  the  spectra  of  luminous  meteors,  have  this  year  pro- 
vided themseves  with  spectroscopes,  and  have  succeeded  in  analyzing  the  light 
of  shooting-stars  by  means  of  their  prismatic  spectra.  Two  spectroscopes 
were  directed  to  be  prepared  by  Mr.  Browning,  and  were  first  used  on  the 
loth  of  August  last,  and  seventeen  spectra  were  observed.  A  description  of 
the  observations,  together  with  tho  discovery  of  the  yellow  sodium-line  as  the 
ehief  feature  of  the  greater  number  of  tho  train-spectra,  will  be  found  in  the 
last  Appendix  of  the  Report, 
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A  CATALOGUE  OF  OBSERVATION 


Date. 


Hoar. 


1763,    li  m 
Pre. £3,  7    0  a.m. 


Place  of 
Observation. 


S.  Atlantic 


Apparent  Size. 


IB5& 

Aug,  6.10  45  to 
am]     11  15  p.m. 
1  -i.'j  to 
3  15   a.m. 


Atiff.ll 


laas 

Scpt/25 


liven  in  g 


IBfiS 
\prf20:  8  10  p.m 

J  nut- 12  Midnight... 


July  3 

4 


10  53  p.m. 
1    5  a.m. 


Hawkhurst 
(Kent). 


Large 


Colour. 


Lueknow,  India.. 


Weston  -  super 

Marc. 
Hawkhurst 

(Kent). 


Ibid . 


Large  as  a 'broom' 
or  a  comet. 


Duration. 


Position, 

Altitude  a 

Azimuia 


In  the  W. 


I 


Pale  green  ... 


Urge  A  little  N.  of  1 


A    very     few  First  appeared  i 
seconds  ;  head,  and  ta 

very  rapid.       ed  near  tbe 
rizon. 


=2nd  mag.* 
=3rd  mag.* 


Orange  yellow 


Yellow 


1*3  second 
0-4  second 


Commenced  i 
CamelopanS. 

Began  midm? 
tween  p  Cat 
peise  and  e 
phei. 
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LUMINOUS  METEORS. 


ance;  Train,  if  any,   Length  of 
d  its  Duration.         I      Path. 


Direction ;  noting  also 
'    whether  Horizontal, 
I      Perpendicular,  or 
I  Inclined. 


a  small  white  clone!;. 
*1  a  train  of  fire. 


.B.toW. 

I 


a  flume.     It  passed j. 
tind  a  strip  of  cloud,) 

appearing     and    ap-' 
iring  again  as  quick: 

tl  noght. 


.:i5° 

.'8° 


Directed  from  y  Cassio- 
peia;. 

Directed  from  •  Hono- 
rum. 


Remarks. 


Followed  at  an  interval 
of  two  minutes  by  two 
loud  explosions  like 
cannon,  after  which  the 
cloud  soon  disappeared. 

Aug.  Gth,  eight  meteors 
in  30  minutes ;  three 
of  the  largest  shot 
precisely  from  Cassio- 
peia; a  superb  clear 
night;  one  observer. 
Aug.  11th,  a.m.,  fifty 
meteors  in  lu  30m; 
several  very  large  and 
brilliant,  with  fine 
trains;  sky  partially 
cloudy  $  two  obser- 
vers. "A  few  onb 
were  '  sporadic ; '  but 
by  far  the  greater 
majority  diverged 
from  a  region  near, 
but  not  in  Cassiopeia. 
On  the  whole,  I  should 
assign  the  cluster  in 
the  sword-handle  of 
Perseus,  or  a  place 
some  2°  or  3°  north 
of  that  spot,  for  the 
vanishing-point.  Cat- 
ches of  distant  light- 
ning all  night,  though 
from  1*  to  3k  a.m. 
there  was  not  a  cloud 
in  the  sky." 

The  Sepoys  said  that 
it  was  as  a  '  gharoo ' 
(broom  or  comet),  to 
sweep  away  the  Delhi 
or  Lucknow  raj. 

Fell  somewhat  obliquely 


Cook's  Voyage 
round  the 
World/  (See 
Appendix  II.) 

J.F.W.Herschel, 
MS. 


No  shooting-star  visible 
in  15  minutes :  clear 
sky ;  no  moon  ; 
observer. 


In  one  hour  (12.15  to 
1.15  a.ni.)  one  meteor 
only:  clear  sky;  no 
moon ;  one  observer. 


Observer. 


J.  S.  A.  Herbert, 
1  Stirring  times 
under  Canvas' 
(p.  230). 


Communicated 
bv  W.H.Wood, 
A.  S.  Hcrschel. 


Id. 

Id. 
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Date. 


I9&.J  U  ra 

July   5  R  veiling  ,. 


12  9  :>:  p.io. 

IMMD    [i.ia. 
Ml  42   ii.io. 


10 
16 

20 
20 

20 

20 

20 

20 
20 

20 
20 


0  21  i.m 

0  42  i.m 

0  52  :j.ia. 

0  53  it. io. 

0  55  a.m. 

1  5  iJ.rO. 


1   11    am 


1   18    rLTti. 
1  21   o.m. 


r 


Attf.  2,11  50  pin. 


3,12  14   lura. 


Place  of 
Observation. 


Apparent  Size. 


Pietermaritz- 
burg,      Natal, 
S.  Africa.         ' 


Very  large 


Langdale,  West-  Brighter       than 
inoreland.  Veuus. 


llawlthurst 

(Kent). 
Ibid 


Ibid. 
Ibid. 

[bid. 
Ibid. 


=3rd  mag.* 
=2nd  mag.* 

=2nd  mag.* 
=  1st  mag.* 

= 2nd  mag.* 
=2nd  mag.* 


Ibid =3rd  mag.* 


Ibid . 

Ibid . 

Ibid. 
Ibid-. 
Ibid. 


=2ud  mag.* 


ibid 

Southampton  ... 


ibid. 


=3rd  mag.* 

=3rd  mag.* 

=3rd  mag.* 

=3rd  mag.* 

=3rd  mag.* 

=3rd  mag.*    Yellow 


=2nd  mag.* 


Colour. 


White 
White 

White 
White 

White 
White 

Dull 
White 

White 

White 
White 
White 
Dull 


Duration. 


Position,  a 

Altitude  aa 
Azimuth. 


White  0*6  second 


0*7  second 
0*7  second 

0*7  second 
0*9  second 

0*8  second 
0-3  second 

0*4  second 
0-5  second 

0*5  second 

0*7  second 

0*6  second 

0*4  second 

0*5  second 
0-8  second 


In  the  west  part 
the  sky ;  altin 
about  20°  or  3 

Commenced  at 
Herculis. 

Disappeared   at 
Coronas.   Coal 
halfway   from 
llercaus. 

Commenced  ai 
(I,  0)  AquOx. 

Disappeared   at 

Coronie.  Cot 

halfway  froe 

Herculis. 
Prom   X   to  «  Jy 

dromecbe. 
From     r     Taru 

to      M    Can** 

pardi. 
From  /3,  halfcri 
|     i  Cepkei. 
From      i     Ccffa 
|     halfway     ts 
I     Ciutocus. 
'Prom    r    Cost«4 
I     halfway  to  I 

laris. 
'From  «  Lyne  u 
j     Draconis. 
'From  f  to  c  A 

I  ga,i# 

From   «   to  9  t 

!  phci. 
Began  at  i  Pegu 
From  i  (9  Si 
|  pent  is,  Z  Aqua 
I  totQ*tr)0] 
I    uchi. 

•From    near  <r  Ci 
■    phei. 
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nance ;  Train,  if  any, 
id  its  Duration. 

Length  of 
rath. 

Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

inclined. 

Remarks, 

Observer. 

• 

"A    very    magnificent 
meteor    burst    over 
Maritzburg    on    the 
evening  of  the  5th. 
This    meteor  passed 
from  east  to  west,  and 
was   attended    by   a 
loud  report.     It  was 
seen  beyond  Fort  Not- 
tingham, quite  up  to 
the  base  of  the  Pra- 
kensberg.  An  interval, 
differently   estimated 
between  one  and  three 
minutes,     intervened 
between  the  flash  of 
light  and  the  sound." 

Dr.  Mann,   Ab- 
stract of  Me- 
teorological 
Observations 
at     Pieterma- 
'  ritzburg,  1865. 

J.  C.  Melville. 
A.  S.  Hcrschel. 

«. 

Id 

i  loo*  streak  behind  il 

10°  

1 
f 

cults.                          1 

a  streak  for  1  second 

10°  

Directed  from  i  Pegasi. 
From  a  radiant  in  Per- 
seus. 

• 

* 

' 

Id. 



,a. 

Id. 
Id. 

Id. 

Id. 

! 

ZIIIIIIZ. 

...... 

rd.               i 

: 

Id. 

Directed  from  wx  Cygni 

Swift  meteor  

a  streak  for  1  second 

8° 

Directed  from  d  Cassio- 

Id.                      ' 

1 

peia?. 
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REPORT — 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  I 
Altitude  a| 

Azimuth 


1865. 
Aug.  3 


m    s      i  i 

25  a.m.! Solent    (Isle    of  =  1st  mag. # 
Wight).  f 

3,12  34  a.m.  Ibid =  3rd  mag.* 


,..  =2nd  mag.* 


3  12  40  a.m.  Ibid... 
312 


I 


3  12 


45  a.m.; Ibid =3rd  mag.* 

50  a.m.  Ibid =2nd  mag.*  White 0*6  second 


White 1  second Prom  y  Pegw 

|     Piaciam. 

White 0-7  second  ...  From      a    LaJ 

halfway  to  J 
gasi. 

Yellow     0-8  second  ...From  m  Cvgiu| 

|      Or,  16)  Lt 
From  \  (r, 
.  phei  to  | 


.Dull. 


3 
25 


55  a.m. 
58  a.m. 


1  35  a.m. 


Ibid. 
Ibid . 

Ibid. 


|  =  lst  mag.* 
=3rd  mag.* 


White 
White 


=3rd  mag.* White 


1  43  a.m.  English  Channel 
(near  Isle  of 
Wight). 

8  57  p.m.  Weston  -  super 
Mare. 


25  10    2  p.m. 


30 
Sept.  3 


7  46  p.m. 


Ibid 

Primrose  1 1  ill  ... 


9  35  p.m.;llawkhurst 
(Kent). 


I 


0    0  a.m. 


Halton,    near 
Hastings. 


10  0  p.m.1  Royal  Observa- 
tory, Green- 
wich. 


7  10  35  p.m. 

I 

7  10  45  p.m. 

711  20  p.m 


Ilawkhurit 

(Kent). 
Ibid 


=3rd  mag.* 

=3rd  mag.* 

=  lst  mag.* 
=  1st  mag.* 
=3rd  mag.* 


Appeared  much 
brighter  than 
the  planets. 

=  1st  mag.*    ... 


Ibid. 


=3rd  mag.* 
=2nd  mag.* 


Yellow     

Blue    

Yellow     

Ruddy     

White  

White  

Bluish  white. 


0-8  second 
0*4  second 

0*5  second 


1*1  second  • 
0*5  second  • 
0-75  second . 

0*8  second  . 


White  0*5  second 

Orange  yellow  0-5  second 


=2nd  mag.*  White 05  second 


1        14   9  24  30     Royal    Observa-  =3rd  mag.* 
p.m.         |    tory,     Green- 
I  wich. 


White 


Very  rapid 


Ursae  Mi 
Appeared  atf 

Cygni  ; 

1  of  the 

m  Lyrae. 
From  etoLI 

lopardi. 
From  /3  Casstd 

to  i    (e  Ce; 

p  Cassiopeia 
From  BAC  725 

£  Cephei. 


To  ir  Ursae  Mij 
halfway  froi 
CuatodU. 

From  302*  - 
to       306   - 

From  335°  - 
to        332    - 

Commenced  i 
Auriga. 

Disappeared  I 
Draoonis ;  ea 
%  of  the  wa}  I 
/i  Draoonis. 

From  the  T>± 
to  the  S.W, 
rizon. 

From  a  point  a! 
5°  above  ;  I 
point  about 
much  benesi 
Ursae  Majors 

From  £  to  J  :i 
Draconis. 

Prom  £  (•  Us 
rum,  a  Lars 

to  |  (,,  t 
gasi. 
From  m  Lynr,  a 
way    to'  I  fl 
cutis. 

Disappeared  2:l 
low  d  PerseL 
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irance ;  Train,  if  any, 
tod  its  Duration. 


in  or  sparks  , 


Length  of 
Path. 


i  streak  for  2  seconds 
sis  or  sparks 


tin  or  sparks . 


rtia  or  sparks  ...... 

a  itreak  for  1  second 


traia  or  sparks . 


train  or  sparks  .... 
train  or  sparks  ... 


traia  or  sparks 

kea  train  of  sparks   .. 
istiact  nucleus  


WWr;  like  the  moon 
appeared  quickly. 


train  or  sparks  . 
train  or  sparks . 

train  or  sparks  . 


10° 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Beams  of  Aurora  in  the 
north,  reaching  up  to 
Polaris.  Very  strong 
auroral  light  in .  thai 
direction. 

Auroral  light  still  strong 
in  the  north. 


Directed  from  •  Cygni.. 


Fine  clear  night;    full 
moon. 


Fell  vertically  down 


Inclined 


6° Directed  from  Polaris., 


Remarks. 


Observer. 


i 


\.  S.  .Herschel. 
Id. 

Id. 
Id. 

Id. 

Id. 
Id. 

Id. 

Id. 

W.  H.  Wood. 

Id. 

T.  Crnmplen. 

A.  S.  Herschel. 


A  momentary  view  of  Communicated 
the     meteor    behind  byA.S.Herschel. 
trees.  | 

F.  Trapaud ; 
Ernest  Jones. 


A.  S.  Herschel. 
Id. 


Three    meteors  in   one  Id. 
hour :  clear  sky;  moon 
nearly  full;  one  ob- 
server. 


Arthur  Harding. 
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retort— 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position, 

Altitude  a 

Aumatt 


1865. 
Sept.14 

14 
14 

15 

15 

1G 
1C 
16 

1G 
16 

16 

16 
16 
16 

16 
16 

16 

16 
1C 


h  m  s 

9  SO  p.m. 

9  45  p.m. 

10  0  p.ni. 

9  56  p.m. 

11  15  p.m. 
1  25  turn. 

1  37  a.m. 

2  2  a.m. 

2    6  a.m. 

2    8  a.m. 


2  19  a.m, 

2  22  a.m 
2  28  a.m, 
2  29  a.m 

2  32  a.ra, 
9    0  p.m. 


Instantly 
afterwards. 

9  10  30 
p.m. 
10  20  p.m. 


Wctton  •  super 
Mare. 

R.    Observatory, 
Greenwich. 

Weston  •  super 
Mare. 

Primrose  Hill .. 


Hawkhnrst 

(Kent). 
Ibid 


Ibid 

Ibid 


Ibid .... 
Ibid .... 


Ibid. 


Ibid , 

Ibid 

Ibid 


Ibid. 


Hard  wick 


Ibid. 

Ibid. 
Ibid. 


= 1st  mag.* 

=2nd  mag.* 
»  2nd  mag.* 


Blue 

Blue 
Blue 


1  second . 


=Capella.. 


Bluish  white... 


=2nd  mag.*  

=  3rd  mag*  

= 2nd  mag.*  

=2nd  mag.*  


=2nd  mag.* 
=  Sinus  


■2nd  mag.* 


-3rd  mag.*    

=  3rd  mag.*    .. 
=3rd  mag.*    .. 


=  2nd  mag.* 


Larger  than  a  1st 
mag.*. 


=3rd  mag.* 


=2nd  mag.«,  di- 
minishing. 

First  seen  as  1st 
mag.*,  soon  in- 
creasing to  great 
est  splendour  of 
? ,  but  after  its 
change  of  colour, 
proceeding  more 
feebly,  as  thongli 
burnt  out. 


White  , 
White  , 
White  , 
White 

White  , 
White 

White  , 

White 
White 
Red  ... 


White 


1  second  .... 
0*5  second   . 

0  8  second  . 

0*4  second  . 
0*5  second  . 
0*5  second  . 
0*8  second  . 

0-7  second  . 
0*6  second  . 

0*6  second  , 

0*7  second  . 
0*6  second  . 
2*5  seconds  . 

0  5  second  . 


Fine  ye'low,  at 
about  fds 
of  its  course 
changing  to, 
I  think,  a 
pinkish  hue. 


Slow  course  of 

3  seconds, 
or    perhaps 

4  seconds, 


From  331°  h 

I  to      325   - 

{Commenced 

of  7  Booth 

From  3358  - 

to      340  - 

From  v  Pis ci 

lj°     beiJ 

Pegasi. 

■Disappeared 

|     Ilerculif. 

Prom  T  Cerf 

I     35  DraconS 

From  •  to  \] 

I     A  Ursa- Mi 

■From  i  (PoW 

I     Camdopani 

X  DraconiSi 

From*  to  M 

|     lopardi. 

Disappeared 

way  between 

f  Afonoccrot 

course  half* 

from  v  Orion 

Disappeared 

Ccti  *  conn* 

way  from  y\ 

From  e  Custcd 

i  Cepbci. 

From  I  to  \  (j 

Cassiopeia^ 

From  x  ^cn 

i  (a  Lynd 

Camelopira 

From  p  Pena 

Triangula:, 

onwards  hi 

far  again.  , 

Crossed  the  Gi 

in  a  line  fro 

Cepheitoirt 

Andromcd* 

From  7  P^S*! 

r|  and    x 

cium. 
tfear«Pega»j 

From  Gloriaj 
dcrici  to  no 
Andromeda! 
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innce ;  Train,  if  any, 
tad  its  Duration. 


stnrinof  tt°;  halfa 
md,  fading  from  the 
Is  to  the  centre. 
rtm  or  sparks  •••••* 


ram  or  sparks 

a  streak  for  2  seconds 
train  or  tparka 


ka  streak  for  2  seconds 


Length  of 
Path. 


t  a  itreak  for  6  seconds, 
then  it  disappeared 
rita  a  fata. 


;  a  streak  for  1  second 


t  a  streak  for  half  a 
ctond* 


otioct    ancient,    anr- 
Mradcd  by  red  sparks ; 
itd  oat  gradually, 
t  a  itreak  for  2  seconds , 


II*  or  no  train,  hot 
*•* .  shaped  (beinj 
Her  than  ?),  an< 
tpartliog  at  its  narrow 
»d  when  it  changed 

CtHOftT. 


10°  or  15°. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Fell  perpendicularly 


Directed  from  Polaris . 


Train  vivid  blue;  more 
intense  as  it  faded 
away. 


Radiant,  p  Aurigss  . 


W.  to  E. 


Path  a  little  curved; 
convex,  I  believe,  to 
Polaris. 


Remarks. 


\  bright  meteor.    Ra- 
diant, Polaris. 


Radiant,  p  Aurigss 
Radiant,  v  Ononis  . 

Radiant,  p  Auriga  . 
Radiant,  P  Auriga . 


Radiant,  in  the  W. . 
Radiant,  p  Aurigss , 


Very  ill  seen,  by  obliqne 
vision  only. 


Very  ill  seen 


A  superb  effect,  causing 
roe  to  turn  right  roimrt 
from  eyepiece  of  tele 
scope. 


Observer. 


W.  II.  Wood. 

Arthur  Harding. 
W.H.Wood. 

T.  Crumplen. 

A.  S.  Herschel. 

Id. 

Id. 

Id. 

Id. 
Id. 


Id. 

Id. 
Id. 
Id. 

Id. 

T.  W.  Webb. 

Id. 

Id. 
Id. 
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REPORT — 18G6. 


Date. 


1665. 
SepU7 

17 
17 

17 


Hoar. 


Place  of 
Observation. 


hiu    i 

10  12  p.m.  Primrose  Hill , 


10  26  p.ni.lbid, 

11  2  30     Ibid, 
p.m.         | 


11    3  p.m. .Ibid. 

1711  16  p.m.  Ibid. 

I      ■ 
1711  21  p.m.  tbid. 


17  11  36  p.ra, 

18  1    8   a.m. 


18 
18 
18 

18 

18 

18 

[ 
18 

18 
18 


ibid . 


Uawkhurst 
(Kent). 


Apparent  Size. 


Colour. 


=2}  mag.* 'White  0*5  second 


Duration. 


=  1J  mag.* White  j 0*4  second 

=3rd  mag.*   ... 


=3rd  mag.* 


1  11  a.m.|Ibid. 
1  15  a.m..lbid  . 
1  22  a.m.  Ibid  . 


1  30   a.m, 


Ibid. 


=3rd  mag.*  'White  , 

=3rd  mag.*  iWliite  , 

=3rcl  mag.»  Bluish, 

=  2nd  mag.*  White  . 


-2nd  mag.*  White 

= 2nd  mag.*  i  White 

=2nd  mag.*  White 


=3rd  mag.*    Orange  yellow 


1  38  a.m.Ibid I = 3rd  mag.*    Red 


1  46  a.m. 
1  50  a.tn. 


Ibid. 
Ibid. 


=3rd  mag.*    Bright  white... 

=3rd  mag.*    White  


2    1    a.m  Ibid =3rd  ma**.*    !Rcd  , 


10  10  p.m.  Tooting,  Surrey.. 


1811     1   p.m.jUawkhnrst 
(Kent). 


=3rd  mag.* 


1811     6  p.m.  Ibid 


White 


White 


Position,  «j 

Altitude  arf 

A?iniuth~ 


0*7  second  .. 

0*4  second  .. 

0*5  second  .. 

0  4  second  .. 

0*5  second  .. 
0*5  second  .. 
0*5  second  .. 

1*5  second  .. 

la5  second  .. 

0*6  second  .. 
0G  second  .. 

0  9  second  .. 


From  •  HereafisJ 
E  flercnlls. 

Commenced  2f% 

low  £  AquariL 
Prom  Z  Csxbsz4 

to  1°  beje-ij 

Camelopard . 
From  7  Androaaft 

to  m  PeTsei. 
From    Pleiades  I 

(C,  sj)  Anri^ 
From  p  to  e  m 

dromedae. 
From  m  Cassao?a\ 

to  7  AndroBwi 
Commenced    at  i 

Herculis;  coos 

halfway  to  9  He 

cutis. 
Commenced  at 


Close  to  dDnecai 


0*5  second  .. 


Jr 


Disappeared  at 
Andromeda; 
Pegasi) ;  UK 

way  from  r  As 

dromedae. 
Disappeared   at 

Arietis ;     eoan 

three   -  quarts 

of  the  wav  frca 

y  Ceti. 
From  2°   under  * 

Ceti  to  E  Piv 

terii. 
From  e  Custodis « 

ir  CepheL 
From  •  to  /  Uai 

Majoris. 

Disappeared   at 
Tauri ;       colm 
halfway  froa  i 
Arietis. 

From  y  Pe?si 
nearly  acrou  i 
Pegasi,  passim 
about  half  a  fe 
grec  below  tai 
star. 

Commenced    at 
Draconis. 


0*3  second  ...  From  p  Crgni  te 
I     Pegasi. 
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earance  5  Train,  if  any, 
and  its  Duration. 


t  a  short  train  of  H°., 


e-shaped;  left  a  slight 
rain- 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


On  a  line  produced  to 

I    between  B  and  C  Her- 
cutis. 
5° Directed  from  y  Aquarii 


Sky  very  clear ;  several 
others  seen  during  the 
evening. 


\  a  short  train  of  3°  . 


ft  a  short  train  of  2°  , 
» train  or  sparks 


o  train  or  sparks  . 
To  train  or  sparks  , 
o  train  or  sparks  . 


4° ;   very     Directed  from  «  Casaio- 


rft  a  streak  for  i  a  second 


incleus  s nrnmnded  by  red 
sparks. 


short  path. 
Nearly   sta- 
tionary. 


peite. 


I'oclctu  sorroanded  with 
red  sparks. 


appeared  brighter  and 
Urger  by  far  than  Venus 
st  her  brightest. 


Xtarly  stationary 


From    Radiant,    T    in 

Cctus. 


Prom    Radiant,    T    in 
Cetus. 


Radiant,  p  Aurigac 

Radiant,  in  Cassiopeia. 


From  Radiant,  in  the  W. 


About  one-sixth  of  the 
arch  of  the  sky. 


Directed  from  *  Auriga. 
Radiant,  /3  Auriga?. 


Radiant,  in  Cygnus.. 


Radiant,  E  G  ;   branch 
in  Cygnus. 


Radiant,  in  Cassiopeia . 

Radiant,  E  G;  branch 

in  Cygnus. 
Radiant,  in  Cassiopeia.. 


,  1  Radiant,  •  CygnL 


Twenty-four  meteors  in 
one  hour:  clear  sky; 
no  moon ;  one  observer. 

Left  an  exceedingly  lu- 
minous, almost  daz- 
zling train. 


Note. — That  %  Draconis 
is  as  bright  and  a 
little  brighter  than  tj 
Cephei  to-night. 


Observer. 


T.  Crumplen. 

Id. 
id. 

Id. 
Id. 
Id. 
Id. 
A.  S.  Herschel. 

Id. 
Id. 
Id. 


Id. 

Id. 

Id. 
Id. 

M. 

H.  W.  Jackson. 

A.  S.  Herschel. 
Id. 
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REPORT — 1866. 


18G5.  |  K  m    s 
Sept.  18;  11   17   p.m 


Date. 


Hour. 


Place  of 

Observation. 


Apparent  Size. 


irawVhurtt 
(Kent). 


IB  11  25    ii  in.  Ibiil. 

I  I 

18  ii  30  p.m.  Ibid. 


lR'tl  36  p.™, 
1811  53  p.m 


19 


19 


19 


n» 


in 


g  15  30 
p.m. 


8  21    p.m. 


I  =  2nd  mag.* 

-2nd  mag.* 
-lit  mag.*..* 


Ibid. 
Ibid. 


=  2ndmag.« 
=  2nd  m»g# 


White 


Lolhhury,    Lull- One-fifth    apparent 
riurs,   "  size  uf  llic  moon. 


Eton     Street,     -ithmag.# 
Primrose  1 1  ill. 


9  24   p.m,  Weston  -  auper  -  -2<»d  mag>i 
Mare, 


9  26  p m, 


9  26    p.iii 


Ibid,.. 


ti  ^  =3rd  mag.* 


Royal    Obsern-  "  1  it  mag.»„ 
lory,     Green  ^ 

wicta* 


19;  9  40  p.m.  Weston  -  super  -  =2nd  mag.* 
Mare. 


19 1  0  50  p.m. 


Colour. 


White 


White  . 
Yellow. 


Duration. 


1  second 


Position,  o 

Altitude  an 

Azimuth. 


0*8  second 
1*4  second 


From  a  Lacert 

f  (ALacerfe 

Cygni). 

From  fi  Andrea 

to  ^  Pegasi. 

From  «  Pistiim 

i     £  Ceti,  and 

I     as  far  again. 

1  second 'From  $  (r,  t)\ 

I     scium,    balfi 
|     to  t  Aquarii 
White  05  second  ...  From  rttQjC\ 


Disappeared  am 
35°  altitndr. 


White  'o-3  second 


Bine 


0*5  second 


Blue     0*5  second 


Blue     2  seconds.. 


Blue    0  5  second 


I 


[bid. 


=^3rd  teag.tf    'Bine     0-5  second 

1010    0  p.m. Ibid =Ht  mag.*    Blue     0-5  second 

I  I 

1910    2  p.m.  Ibid =  2nd  mag.#  Blue     0-5  second 

Yellow 1  second  ... 

Blue     0*5  second 

Rapid  


19  10  15  p.m.  Ibid =lst  mag.*    ...... 

19  10  17  p.m.  Ibid  ....... =  3rd  mag,*   

2t>   5    0   a.m.  Paractet,    Aubc,  L*i^  ind  brTliant 
(local  time)     France* 


FromyAndromd 

3°    on   town 

1°  below  /J4| 

dromedr. 

a=        h 

From  335°  -  Is 

■  to      340  —  3. 

/From  123° +d 
to      113  +  5« 

,.  From  a  point  aH 
I  2°  below  «  Drj 
|  conis  towards 
I     Ursa  Majoris. 

From  260° -f  52' 

to      271   +^ 
,.  From  305°  +  II 

to     300  -  I 
.From   42°  +  ^ 

to       26  +  «. 
..From  335°- 1 

to     329  -M 
..From  90°  +  *; 

to      149  +  <*■ 
..From  322°  +  ' 
rto     318  -<• 
..  From  N.  to  S. 
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aranee;  Train,  if  nay, 
and  iU  Duration. 

Length  of 
Path. 

Directibn ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 

Remarks. 

Observer. 

West  at  the  middle  of 

Radiant, a  Cvgni 

A.  S.  Henchel. 

Id. 
Id. 

Id. 

Id. 

Communicated 
by  T.  Crumplen. 

T.  Crumplen. 

W.  H.  Wood. 

Id. 

Arthur  Harding. 

W.  II.  Wood. 

Id. 

Id. 

Id. 

Id. 

Id. 

Lcs  Mondcs,  1st 
scr.    vol.    ix. 
p.  400. 

course ;  left  a  streak 

r  half  a  second. 

a  streak  for  2  sees.... 

btett  at  the  middle  of 

Radiant  T,  in  Cetus 

•  coarse.     No  train  or 

arks. 

rain  or  sparks  

Radiant  T,  in  Cctus 

a    streak     for     2 

• 

Radiant,  v  Ononis 

Passed  horizontally  from 
N.N.E.  to  N.N. W. 

Twenty  -  two  meteors 
in  one  hour:  clear 
sky;  no  moon;  one 
observer. 

eoads. 

it      into      nnmeroas 

parks,  like  the  explo- 
ion     of     gunpowder. 
*ft  a  long    train    of 
igfat  which  was  visible 
or  several  seconds. 

3° 

Large  meteor at8.15p.m. 
Light  seen  at  Eton 
Street. 

12°  

tf early  horizontal    

. 

Tail  10°  j  lasted  2  sees. 

uminom  body,  dividing 
A* If   into    two    large 
tUn,  which  afterwards 
buru  into  sparks. 

N.  toS.  , 

Four  or  five  minutes 
afterwards  a  sound 
like  a  clap  of  thun- 
der was  heard  which 
lasted  five  or  six  mi- 
nutes. The  sky  wa* 
slightly  overcast,  but 
nut  sufficiently  to 
hide  the  stars. 
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REPORT — 1860, 


Data,  I     Hour. 


Place  of 
Observation. 


Apparent  Size. 


! 


Colour.       I     Duration, 


Position,  m  _ 

Altitude  r<A 

Azimuth, 


USb.  i  h   m    b 
SepL20   7  39  p.m.  Eton     Street,     |=Arcturus  - 
Primrose  11  ill. ' 


White  ...*.,...  0G  second 


20  8  12  p.m.  Hawkhurst  =  3rd  mag.*    White 

■     (Kent). 
20   6  20  p.m.  Ibid . =  3rdmag.*    I  White 


I 
20    8  22  p.m 

30 

20 


Ibid. 


0  0  aeeon  J 
07  second 


--2nd  inag.*   ......  tinght  white*,.  I'S  second  i 

very  slow 


l;-t  iii:ij;,-. 


9  43  p,m.  Royal    Obscrvn.  ^ 
i     tory,     Green-, 
ftn. 
9  44   p,m.  Ibid = 3rd  mag,* 


21   8  30  p.m.  Weston  -  super  -  =2nd  mag.* 
Mare, 


Bluitk  white. 
HUe     


Blue 


22    7  57   p.m.  Dipley,     llamp-  Larger  than  Jupiter  Vivid  white  .. 
shire. 


22   9  30   p.m.  Royal     Observa-  =  2nd  mag.»    Hluc 

tory,      Green. 
mm, 


23 


24 


'21 


10  15  p.m.  Weston  -  super  -!^3rd  mag.* 
Mare. 


7  48  p.m. 


7  4fl  4. 
p.m. 


24    7  43  45 

!     p.m, 


'Blue 


motion. 
Very  rapid 


\  second  . 


I  second  . 


I  second  +, 


IJawkhurst 
(Kent). 


Ram  sgalc  (Kent) 


-  3rd  mag.* 


1  second  w 
0*9  second 


As  bright  as  Jupiter 


WUiteorUuUh  3  5  seconds 


24 


Koyal    Obscrva-  Larger  and  brighter  Bluish  white. .  2-^3  seconds., 
lory,      (irceu-      Ihau  Jupiter, 
wich. 


7     50± 
p.m. 


24,  7  5j   p.m.  Ibid 


I  lawk  hurst 
(Kent). 


=  Shrius... 


White  ...*,*».<  4  seconds. 

I 


Prom  midway  i 
tweeu  X  as! 
Drmconii  to 
■bore  &  L'j 
Ma)  oik 

From  r  II 
1     *  CoroTtac, 

From  ADi 
r  Um  Mi 

From    X,   If 

toA<.Hei 

*  Ofibiuehi 

|  Fell  vert ieallyW 

I     a  point  abi?i;  i 

E.  of  m  Aquii  ' 

Prom  the  dinec^ 
of  9  Corona:  ft 
resits  to  i  pea 
l>etwcen  c  and  ; 
Boot  is. 

«-        f= 

From  197°  +  4* 

to      211    H-  1*. 

Fatb  mar  be  taut 
as  similar  to  ttil 
ofou  con  Septa* 
her  24  th. 

From  a  point  ahoal 
3°  E_  of  0  Pefis 
eo  a  point  t 
above  e  Pegasi, 


+-  ji. 
I    si  i 

of  J 


-3rd  mag.*    \ 0-8  second  .. 


From  1  GO0  +-  6£ 

to      158    +  : 

I  Disappeared 
Cassiopeia?. 
Course  j 
way  from  *  T*J 
randi. 

From  a  point  eras 
m  Aquarii  be>» 
Aquilafaerosin>< 
Milky  Way.  tm 
point  near  rOpl  h 
uchi ;  dUappe* 
ing  a  few  degr«a 
above  Jupiter. 

First  seen  near  \ 
Aquarii,  disap- 
peared near  « 
Caprieorni. 

From  /3  Piicium  a 
k  Aquilzc. 


From  i  to  J  (X,  t 
Honorum. 
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>;  Train,  if  any, 
wd  iU  Duration. 


Direction;  noting  also 
Length  of      whether  Horizontal, 
Path.  Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


t  train  of  1°    < 

rain  or  sparks  , 
rain  or  sparks  . 


Kite-shaped,  very  bril- 
liant. 


T.  C  rum  pie  n. 


Radiant,  in  Cassiopeia . 
Radiant,  in  Cygnus 


ens  a  ftellar   point;* 
•  train  or  sparks.  ' 


.'8°., 
.10° 


Perpendicular... 
Inclined  /;<?* 


.Very     bril. 
liant. 


Uam 


15° 


train  or  sparks  ... 


■rlj  resembling  the 
»Unet  Japitrr,  followed 
>y  i  train  of  light  about 
1'  in  length. 


iot  train 


30°+ 


Itotred  by  a  train  of  red  40° 

*\*xU  3£  long,  and  dis-1 

appearing        gradually, 

leaving  a  faint  streak  on 

its  thole  course  for  \  a 

second. 

&  train  or  sparks 


Radiant,  in  Cassiopeia. 


Path    parallel    to    the 
Ecliptic. 


From  Radiant,  T  in  Pi- 
sces. 


Radiant,  in  Andromeda 


A.  S.  Ilerschcl 

'id. 

A  singular  meteor  « Id. 

,...v^L..V.:.Ai].i^M?%ir  Harding. 

W.  II.  Wood. 

Mrs.  Crumplcn. 


The  meteor  finally  ex- 
ploded into  a  number 
of  fragments. 


Identical  with  the  next 
(Greenwich,  *7h  4801 
45"  p.m.). 


Very  bright  meteor  (see  W.  C.  Nash. 
Appeudix  I.).  { 

Identical  with  the  pre-  A.  S.  HerscLcl.   | 
ceding     (Greenwich, 
7U  48*  45"  p.m.). 


Arthur  Harding. 


I 


W.  II.  Wood. 


A.  S.  Herschel. 


S.  Gorton. 


Id. 
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REPORT 18G6*  . 


Date, 


Hour* 


Place  of 
Observation. 


Sept.  24 
24 
24 


24 


21 


21 


24 

24 
24 


h  m 

7  58    p,m 

8  5  p.m. 
3  25  p.m. 

8  30  p.m, 
B  30  p.iu 


8  30  p.m 


HnwkhiiTat 
(Kent). 


Iliid  , 


[■"luine,     Somer- 
setshire. 


Royal     Observa- 
tory,    Green- 


Dipley,    Winch- 
fid  J,  Hants. 


fwelve  mtlcs 
south  of  Man- 
chester, 


9    5   p.m. 'HawMuiTst 
(Kent). 


9  19  p.m, 

9  20  p.m. 
n  2(t  p.m. 


[bid. 

IbiU, 
Ibid. 


Apparent  Size. 


2nd  mag.*  

—  3rd  mag.*   

Large  and  brilliant 


rhree     times     as 
great  as  Jupiter. 


Colour. 


Duration. 


White  0-7  second 

Yellow 0*8  second 


Flame-colour.. 


5  seconds.. 


riirec     times     as  Pale  blue, 
bright  as  Jupiter. 


As  bright  as  Jupit  er.  White ;     very 
Small  clearly  de-     luminous, 
fined  disk. 


1*5  second 


Position,  or 

Altitude  as*t 

Azimuth. 


FromftorPbria 
and  oowandft 
far  again. 

Front  «  Pcgasift 
±  (3  Pegsa,i 
AndromedEL 

First  appeared  q| 
Dracoais;  dtfj 
pearedatapai 
in  R.A.  IG-\1 
Dccl.  7b\ 

From  the  diredflj 
of  the  cental 
Bootis  (abm 
Arctorus) 
wards  N. ;  a 
appeared  bek 
Ursa  Major. 

Passed  2\°  bel* 
•  Corona;,  is. 
16°  onward*, 
along  a  line  pro 
diiced  3°  abe* 
Cor  Caroli. 


=  1st  mag.* 


=3rd  mag.* 


Slow  motion; 
2  or  3  sees. 


.White 


1*4  second 


Bright  yellow  1  second  , 


In  the  sootta 
skr,  about  S.V 
to  S.S.W. ;  fta 
altitude  bant 
20°;  fell  about  6 


=3rdmatr.*    White ,1  second 

I  I 

= 3rd  mag.*    ......Yellow     , 0*7  second  ... 


From  1°  S.  of 
Andromeda?  t 
2°  S.  of  r  Pegu 

From  if  to  1  («,  1 
Persei* 

From  c  Laccrtx  t» 
(«,  Z)  Cygni. 

Commenced    at 
Pegasi. 
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mice;  Train,  if  an?  J  Length  of 
otl  iU  Duration.  Patli. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


in  or  sparks Short  path.. 


Radiant  T,  in  Pisces 


I 
A.  S.  Herschcl. 


tin  or  spark*  , 


Id. 


1  !  i 

t  ball  of  fire,  after-' ' 'A  crackling   noise,  re- '  The  Times.! 

d»  breaking  up  in  a'  I     se milling    that    of  a| 

\»*  fnl  manner,    ami,  '    rocket     in     the    air,| 


hz  large  sparks  in 
tram  till  it  appeared 
nirn  itself  oat. 
twin,  many  sparks. 


alar;  threw  off  a 
anber  of  red  and 
ange  sparks.  Train 
oken  into  sparks;  en- 
vtdl  second. 


15°  or  16°. 


could    be    distinctly: 
i    heard.  I 

Curved :  Path  not  very  accurately  Thomas  Wright. 

observed.  ' 


Not  seen  quite  at  com- T.  Crumplen. 

mencemene.         Pat  I J 

well  observed;  nu- 
I  cleus  burst  into  frag- ! 
I  ments ;  no  no»e 
'    heard. 


I 


Many  shoot  ing-stars  in  Communicated 
a  few  minutes.  '     by  R.  P.  Greg. 


South, 
a  streak  on  ita  whole' 
one  fur  10  seconds, 
Inch  faded  from  the 
ids  towards  the  centre. 
htoess  gradually  in- 
cased, and  disappeared 
msiimnm  brightness, 
train  or  sparks 


train  or  sparks . 
ViO. 


Radiant,  ft  Auriga? 


Radiant  A,  in  Cassiopeia 


.  A.  S.  Herschel. 


Id. 


From  Radiant  Rlf  in  Pe- 
gasus. 


Id. 
.'Id. 
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REPORT— 1866. 


I 

Date.  >      Hour. 


Place  of 
Observation. 


Apparent  Size. 


Position,  «■ 

Altitude  ana? 

Azimntb. 


j  18G5.    h  m 
Sept.24    9  29 


p.m. 


Hawkhurst 
(Kent). 


= 2nd  mag.* 


-r 


Yellow 1-2  aecond 


!         24  10  55   p.m 


Ibid. 


I 
I 

24  11  15 

25  7  25 


Brighter  than  a  1st 
mag.* 


p.m.  Ibid 
pm, 


Winchfield, 
Hampshire. 


s  3rd  mag.* 
•  2nd  mag.* 


Bluiah  white...  2-5  seconds 


I 
White  0-8  second 


White 


From   •  Arktiaj 
of   the    war 
,    Algol. 
From  m   PertaJ 
•     e     Caraekpal 
|     and  onwardi ; 
I    far  again. 
IFrom    ?    (p  111 
I     conis,  OCeysj 
I    to  •  Cygni. 
i From  Polarii  to, 
Unas  Miaera 


25   8  53  p.m.  Wiuchfield  Rail- 
way  Station. 


I 
25i  8  12 


25    8  12 


p.m. 


Wolverton, 
Stacey  Hill. 


p.m.  Hawkhurst 
I    (Kent). 


25    8  28   p.m.  Ibid. 

I 
25   8  34  p.m.  Ibid. 

i  l 

25'  8  56  p.m.  (bid. 


25'  9  20  p.m.  Weston  -  super 
i  Mare. 


t 
25  10  50 

25  10  59 

25U     0 
25  11  IT 


p.m.  Hawkharrt 
,    (Kent). 


p.m.  I  bid . 
p.m /Ibid . 


=Arcturus 

White  

Appeared  as  large 
as  a  rocket. 

»2nd  mag.*  ...... 

» 1st  mag.* 

White  

White  

=  2ndraag.#    

White  

=2ndmag.#  

White 

Two-thirds  of  moon 
=  2nd  mag.*  

Violet  .... 

White  

0-4  second  ...  From    O    Caad 
pardito0B*s! 
Slow  motion  ;  Started  abort  I 
3  seconds.  '    north. 


2*2  seconds.. 
0*8  second  .., 
0*7  second  .. 

.0*6  second  ... 

,  i  seconds , 

.  0'C  second  ... 


p.m., E ton  Street, 

Primrose  Hill. 


=»  2nd  mag.*    Bright  white ..  1 13  second 

=3rdmag.#   White ,07  second 

=  lstmag.#    White 0*4  second 


20   8  55   p.m.  Kilvington, 
I  Thirsk  (York-     brilliant 

I  shire). 


Urge    and     very Very    slow 


From  fi  Cassia' 
to  7  Pegasi 

FromPtoXCaJ 
lopardL 


Disappeared  si\ 
Cygni;  coi 
halfwaT  from 
Pegasi. 

From  Polaris  « 
(e  Ursc  Miad 
u  Cepfaei).     | 

From  195°+*! 
to      295 

From    p    C: 
pardi  to 
Majoris. 

From  i  (« 
culse, 
to  Altair. 

From  e  Pegasi 
Delphini 

From  t;  Cygs 
midway  betjf 
Delphinm  I 
Aqnilse. 

Firat  appeared! 
to  the  hod 
Paased  ben 
0  and  y  Ai 
meda%andsi: 
reached  «Atf 
close  to  ii 
star  it  M 
peared. 
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nact;  Train,  if  any.  Length  of 
ad  iu  Dotation.        I      Path. 

I 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


taest  increased  arm- Radiant  T,  in  Pisces  ... 

fly,  disappeared   at  j 

nest  brightness.  I 

ns  or  sparks ' ■  Radiant  T,  in  Pisces 


I 
sia  or  sparks Radiant,  Polaris  . 


sttruMqnaitolength 
r^fi^d  gradually. 

is  eiceediDtiy  bril- 
« tnda  for  2  seconds 

a  dtttiaetlr  crimson 

Hit. 

•  »  streak  on  its 
Wi  course  for  half  a 

ittsd. 

attest  for2seconds,j 
^b  Wed  from  the} 
*j  towards  the  centre. 


Remarks. 


In  one  hour  seventeen 
meteors :  clear  sky ;  no 
moon ;  one  observer. 


Observer. 


Well-observed  by  promi- 
nent stars.  Shooting- 
stars  very  frequent. 
Seven  radiant  from 
Polaris;  and  several 
5°  below  Delphimts. 

Fine  meteor ;  train  faded 
from  ends  to  centre. 

Numerous  shooting- 
stars  during  the  even- 
ing. 


A.  S.  Herschel. 
Id. 

Id. 

T.  Crumplen. 


Id. 
The  Times.' 


8C 


Date. !      Hour. 


REPORT — 1866. 


1   IBto.    h   m    s 
Sept.'iG  8  55  p.m. 


PllCAOf 

Observation. 


Hawkhurst 
(Kent) 


Apparent  Size. 


! 

I 

Colour.      j    Duration. 


Brighter    than     « White 
Lyras.' 


|        26   9    0  p.m.  Biackheath 


•  1st  mag.*    White 1  second 


26   9  18  p.m.nbiil. 


I 

j 

26   9  19  p.m 


261  9  20  p.m 


2f    9  21   p.m 


26 

9  35 

p.m 

1    26 

1 

9  41 

p.m 

1 
20 

9  54 

p.m 

26|10  41 

p.m. 

aJ 

11  55 

p.m. 

1 

9  35 

p.m. 

271 

9  35  30 

p.m. 

a  Jupiter lilu'sH  while  ..  3  seconds.. 


Brighter  than  Ju-Crc)i»h  white,  3  to  4  sect. . 

piter    is    at    its    then  emerald 
j    brightest.  green,  i 


Easttaurne 

(Sussex). 


Weston  -  super  ■  j,  apparent  dtame-  Violet  colour.,  i  seconds, 


Mare. 


tcr  of  the  moon. 


I 


Blackhcath Brighter  than  Ju- Blue ;    very     j  seconds.. 

pitcr.  I     brilliant.       ! 


Lamberhurtt, 

Sussex. 
Ibid 


2nd  mag.*   White 0  4  second 


*  1st  mag.« 


White  'i  second  , 


Ibid . 


Royal    Observa-  =  2nd  mag.*  White I  second 

tory,     Green 

wich. 
Hawkhurst 

(Kent). 
Eton     Street, 

Primrose  Hill. 


I 
=3rd  mag.*    I  Yellow 0  8  second 

=  1*2  mag.*    Pale  blue 0-3  second 


.  -H  seconds 


= 4  th  mag.* 


.05  second 


iloyal    Observa.  =  3rd  mag.*, 
tory,     Green-1 
wich.  | 


I 
.White 


Position,  or    . 
Altitude  zai  ' 
Azimuth. 


From  a  point  a* 
g  Lyncn  t*. 
point  beaveatf 
and  Z  Ural 
joris.  (Appsnl 
mate  poiztim 
taken  the  on] 
evening.) 

From  a  point  an) 
4  Aqoarii,  pasti 

I  between  I  aat  \ 
Aqoarii.  J 

Directed  from  B| 
laria  to  t  ^ 
just  below  J  In 
Majoris. 

In  Bootes;  bt 
R.  A.    14    » 

•  DecL  K.  2Sf.i 
R.  A.  14>  # 
DecL  N.  15 . 

«==      r= 

From  19o    -f  S3 
to      295         a 


From  a  point  alj 
3°  E.  of  c  U 
cutis,   passed 
the    right   of 
llercuKs,       ei 
disappeared    i 
the      neighbor 
hood  of  i  &U 
Ophiuchi. 
From  i  (f3,  ft)  ta 

Andromeda:. 
From  m  Equal*  l 
fi    Aqoari ;  a 
onwards  aboui 
far,  continual | 
Directed     froa  i 
I     DraconU    to  I 
i     Ilercnlia.       J 
From    X   to  r 
I     scium. 
From    ij    Cygnjj 
i    between  /* 
I     Lyne. 
From  m  Pcrsei  ( 
Muscat. 


,  Very    rapid 
motion. 


Directed  froa 
Aquilse  to  a  f 
a  little  W 
aod/JCapricf 
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truce;  Train,  if  any, 
tod  its  Duration. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


it  no  alteration  in  its 
tot;  then  gradually 
oinished  until  it  dis-' 
teared;  left  a  streak 
its  whole  conrae  for 
moods,  i 

I  - 

rain 10°  Inclined 


i  I 

rain  25°  Incliucd 


Remarks. 


Obserrer. 


Communicated 
byA.S.Herschel 


Arthur  Harding. 


Id. 


ippcaml    almost,   but . 
:vt  quite  as    sudden') 
*  it  appeared. 


idually  increased,  and 
heo  again  gradually  de-, 
reased,  as  if  by  the 
ffrct  of  distance;  a  long 
rain  attended  the  me- 
sor. 


I 


30°  Inclined 


train  or  sparks  , 
tr.»in  or  sparks  , 


Sky  free  from   clouds.  G.  F.  Chambers. 
(Identical    with    the 
preceding  meteor.) 


Illuminated  the  sur 
rounding  country 
with  a  light  as  in 
tense  as  that  of  full 
moon. 
(Identical  with  the 
preceding:  see  Ap- 
pendix I.) 


train 

triin  or  sparks  . 


.115° 


Nearly  perpendicular . 


i 


Communicated 
by  W.H.Wood 


Arthur  Harding. 


>traui  , 


3°.. 
12° 


Inclined 


A.  S.  Henchel. 
Id. 

Arthur  Harding. 

A.  S.  Henchel. 
T.  Crumplen. 


Several  shooting-stars 
to  -  night.  Radiant, 
near  •  Persei, 


Id. 

Arthur  Harding. 
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REPOKT— 1866. 


Date. 


Hoar. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  1*4 
Altitude  anf 


1865 
Sept.28 

28 


28    1 


12  a. 

18  a.m. 

19  a.m 


Hawkhunt 

(Kent). 


Ibid. 
Ibid. 


»  3rd  mag** 
»  2nd  mag. « 
= 2nd  mag.* 


28    1  22  a.m.  [bid j~  2nd  mag.* 


Yellow    

Bright  white- 
White  

White  


0*4  second  .. 

0*4  leeond  .. 

C*4  second  .. 

!<W  second  .. 


From»(**)Lj-i 
to   c    Ursa 
joris. 

From0toaCeal 


2*    1 
2H    1 


26  a.m.  [bid 

I 
34  a.m.  Ibid 


3  3rd  mag.*    Yellow     ,0*7  second 

=  2nd  mag.* 


28,  1  35  a.m.  (bid =  3rd  mag. 


28,  1 

28    1 

28  10 
28  10 
26  10 

28  10 


37  a.m.  [bid « 2nd  mag.* 

45   a.m. 'I bid «=3rd  mag.* 


Dull. 


4  p.m.  [bid . 
20  p.m.  Ibid. 
Ibid. 


J« 


Bright   white, 22  seconds . 
then  red. 


I 


White  ;0-7  second  .. 

White 0-5  second  .. 


42  p.m. 
41  p.m. 


Ibid 


2c  11     5   p.m.  Ibid 
28  11 


2nd  mag.*  White i 0*6  second 

3rd  mag.*    Yellow     0*7  second 

2nd  mag.*  Yellow     ,1*2  second 

!  ! 

3rd  mag.«    White ;  W  second 


11   p.m.  Royal    Observa- 
|     tory,     Green- 
wich. 


28 

28 

28 


11  22  p.m. 


11 

11  2S  p.m 


(bid . 


26  p.m.  Uawkhorst 
(Kent), 
[bid... 


2811 

28  11 


40  p.m. 
46  p.m. 


Ibid. 


Royal  Observa- 
tory, Groan* 
wich. 


-2nd  mag.* 
*  3rd  mag.* 

-1st  mag.* 

*2nd  mag.* 
=3rd  mag.* 

= 3rd  -mag.* 
=  1st  mag.*... 


White 1*2  second  ... 

Bluish  white...  Less  than  1  sec. 

I 

Blue     .1  second  


White 1  second 

Yellow     1 1*3  second.. 

White  0*6  second  .. 

Bluish  white...  1  second 


faragaii 

Prom     «,     — . 

to   0    Ursac 

jaria. 
From  0  Androa4 

to  i   (•  *~" 

meda%/3 
From  c    to  r 

rigae. 
From    i    Dries 

halfway     to 

Unas  jfajeit 
From  4  (*, « i  Vi 

UajoriatorU 

conia. 
From  a  to  £  Pi 

Appeared  at  rPeri 


Commenced  at  < 
Draconis. 

Commenced   at 
CamelopardL 

From  m  Custocal 
i  (K,  P)  Caa 
lopardL 

From  i  (*f  C)  I'M 
Minoris      to 
(P,  Q)    Caaa 
pardL 

From     4      {3,  i 
Ceplici       to 
Cvgni. 

From  the  direct* 
of  Z  Cygni  to 
point  near  *  J 
qoilac. 

From  the  direct! 
ofcCygoi,feSl 
below  and  H 
yond  m  Lyras. 

From  v  Cepbeitfi 
(y,  Z)  Dracoes 

From  i  («•  Peg* 
a  Lacertac)  w 
(<*»  7)  Cygnl 

From  £  to  *  is 
siopeias. 

Fell  vertically  is  tl 
N.,  from  the* 
rectionofPota 
disappearing* 
Ureas  Majoiis. 
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•ranee ;  Train,  if  any, 
md  its  Duration. 


am  or  sparks  , 
minor  sparks , 
ain  or  sparks  . 
tain  or  sparks  . 

rain  or  sparks  , 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


feu  drawing  a  train 

red  sparks;    grew/ 

•dually  less. 

minor  sparks 


t*  streak  for  1  second 
train  or  iptrks 


train  or  sparks  . 


From  Radiant  F,  iu  Au- 
riga. 

From  a  Radiant  in  Ce- 
pheus. 


From  a  Radiant  in  Cas- 
siopeia. 

From  a  Radiant  in  Cas- 
siopeia. 


Remarks. 


Observer. 


From  Radiant  T,  in  Ce- 

tus. 
Prom    Radiant    Q,,    in 

Hercules. 


I 


|  From  Radiant  F,  in  Au- 

I    rig*- 
j° Directed  from  Pleiades. 


I 


a  streak /or  2  seconds' , 

■       I 

train 10°  ... 


train  , 


Directed  from  •  Cygni 
Directed  towards  Capella 

From  Radiant  T,  be 
tween  Pisces  and 
Cetns. 

Radiant,  in  N.W.    ... 


Radiant  F,  near  /3  Au- 
rigas. 


12°+ 


train  or  sparks  . 
train  or  sparks  . 


train  or  sparks 

iatiraia 12° 


Radiant  E,  in  Laccrta. 
Radiant  T,  in  Pisces  . 


In  30  minutes  thirteen 
meteors :  clear  sky;  no 
moon;  one  observer. 


Radiant,  Polaris  . 


Radiant  R  (branch  in 

Andromeda). 
Perpendicular 


A.  S.  Ilerscbel. 

Id. 

Id. 

Id. 

Id. 
Id. 

Id. 

Id. 
Id. 

Id. 
Id.  . 
Id. 

Id. 

Id. 

W.  C.  Nash. 

Id. 

A.  S.  Herschel. 
Id. 

Id. 

W.  C.  Nanh. 
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KfcFORT— 1866. 


Date. 


180 
Sept.29 


Hour. 


h  m 
G  56 


pan 


Place  of 
Observation. 


Royal  Observa- 
tory, Green- 
wich. 


Apparent  Size. 


:1st  mag.* 


Colour. 


Duration. 


Bluish  white...  i  second 


Position,  or  1 

Altitude  aril 

Azimuth. 


I 


30  11    5 
3011  25 

'Oct.    71  8  30 


12t  9  25 

i 

1?  10  17 


12  !0  IS 

13  G  30 


I 
p.m.  Uawklitirst 
!     (Kent). 
Ibid 


p.m. 
p.m. 
p.m 


=3rdmag.*    'Yellow     0*4  second 

=3rdmag.»    Yellow 


=2nd  maz.« 


Blue 


07  second 


Royal    Observa- 
tory,    Green-1  I  I 
wich.          •      I  I 

Ibid !=2ndmag.#  ......White  j  I  second 


p  m.  Weston  -  super  -==3rd  ma?.* 
Marc.  ! 


p.m.  Ibid 
p.m. 


13 


13 


15! 


8  29  p.m, 


8  30 


G  35 


Blue 


Blue 


1*5  second  .. 


1  second  , 


Royal  Observa- 
tory, Green- 
wich. 

Hawkhnrst 
(Kent). 


p.m.  Ibid 

p.m.  Weymouth 


—2nd  roag.» 

=2nd  mag.a  'Blue    \i  second 


15!  7  15  p.m.Ibhl 


I        15    8  17 


p.m.  I  lawk  hurst 
1     (Kent). 


=3rd  mag.* 

=3rd  mag.* 

=2nd  mag.* 

I 

i 

,  =3rd  mag.* 

i 

=3rd  mag.* 


Yellow     «0*6  second 


5+1. 

across    i 

opene  to  I 


'                                                         i 
If  12  50  a.m.  Ibid :=3nl  mag.*    White 0-5  second 


16    1     2  a.m.  Ibid j=2udmag.»  jWhite '0-0  second 


,        K  About 


I 


10    iMcntone,    Alpes  Large  metsor Travelled 

Maritime*.  \  I     modrrr 

speed. 

1  second  , 


10    8  45  p.m  Weston  -  snper  -  =Ht  mag.* 
Marc.  I 


FeUperpendkriss) 
in  the  W„  bm 
the  directkiaf 
y  Bootk,  duaa 
reared  at  taw 
altitude  as  A» 
tarns. 

From  p  to  ■  Fen| 

! 
,  .From  o  Castafi*  i 
1     P  CametopuiL ' 

;  «j 

.From  the  direttiaf 
of  c   Cassief**p 
I     towards  Pdam 
Fell  vertical!?  fm 
apointjaftbdr 
i     0  Draconis. 

.  From  28^  +  24 
|  to  40  +  ff. 
From      O3  +  Y* 

.  t0 

Passed 

I     Cassiopeia- 

point  10°  beta 

Polaris. 
Disappeared    at 

(i,  A)  Aqtribe. 


Yellow 0-G  second  ...From    1°   B.  of  < 

Pegasi       to 
Aqitarii. 

I  second From  a  point  aksj 

10°  below  15  C* 
num      Venatie» 
nun,  passed  » 
I  wards  Arrtarav 

White Rapid  From  ft  Andrea* 

|     das     towards    j 

i     Andromedse. 

Commenced  at  \\± 

'  x)IH*eium;  roarx 

1  halfwaytorPeaa 

...  Commenced    at  I 

I     Draconis ;  coca 

halfway  to  cTr* 

!     M»joris. 

...  From  fi  Cassiopeia 

!  toi(wltir2)Cyjiii 

at  Prom  a  point  in  O 

I     moderate     i     tus  or  Pisces,  vr 
far  from  Aries.  1 1 
a  point   not  » 
from  AKair. 
•=         1= 
From  191°  +  >'' 
to      182    +  5? 


Blue 


"I 


.White 1*3  secood  . 


.  Blue 
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■ranee ;  Train,  if  any, 
utd  its  Duration. 


I  tnin 


kuaorsparki . 

tain  or  sparks  , 
bail 


tain  or  sparks . 


;  Direction;  noting  also 
Length  of      whether  Horizontal, 
Path.  Perpendicular,  or 

Inclined. 


.  Perpendicular  . 


Remarks. 


Observer. 


W.  C.  Nash. 


Prom    Radiant    RJf    in  The  previous  night  over-  A.  S.  Uerschcl. 
!     Musra.  cast.  I 

From  Radiant  R,  in  An- In  thirty  .minutes  two  Id.  . 

dromeda.                         meteors:    clear   sky;' 
moon  j  full. 
Slightly    inclined  from 

horizontal.  I 


15°  "Perpendicular. 


W.  C.  Nash. 
Arthur  Harding. 


Curved  slightly 


10°  Directed  from  g  Aquilac 


10°  Horizontal 


The  time  is  correct  to 
one  or  two  minutes, 


In  one  hour  and  thirty 
minutes,  sixteen  me- 
teors :  sky  generally 
clear ;  one  observer. 

In  the  next  30  minutes, 
four  meteors:  clear 
sky ;  one  observer. 

No  stars  visible  in  the 
track  of  the  meteor, 


6°... Inclined 


kiitoakon  its  whole 
*ne  for  2  seconds. 
"■**  by  *  venr  di. 
Jet  tnin  of  'light, 
■"*  remained  visible 
■atil  the  meteor  disap- 
peuti 


W.  II.  Wood. 

Id. 

W.  C.  Nash. 

A.  S.  Hcrschel. 

Id. 

Arthur  Harding. 

Id. 


Pour  meteors  in  forty.  A.  S.  Hertchel. 
live    minutes ;    clear 
sky;  one  observer. 


70°  or  80°. 


E.    to    W.,    following D.  A.  Freeman 

nearly  the  line  of  the  I  Ast.  Reg.,  Dec. 

equator.  18C5. 


Radiant  O  (v Ononis)., 


Id. 


Id. 


W.  II.  Wood. 
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REPORT 1866. 


Date. 


Hour. 


riace  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Positions 
Altitude  a* 

Azimuth. 


1865. 
Oct.  19 


19 


h  m 

10  15  p.m. 


10  40  p.m. 
19 10  56  pan. 
I    1  p.m. 


2010    3  p.m. 
2010  43  p.m. 


Royal    Observa- 
tory,    Green 
wich. 

Hawkhnnt 
(Kent). 


Ibid. 


Weymouth 


=2nd  mag.* 
=  1st  mag.* 
=2nd  mag.* 
= Jupiter    ... 


Bluish  white. 

White 

Yellow     


Lessthanlsec. 


1-5  second 


0*5  second 


Fromdirecuai 
Cygpi,  pawl 
cross  X  Ljrz, 

First  appeared 

*     (•.0  ft 
conis. 
Prom  r  to  o  Poj 


Bright  blue. 


Hawkhurst 

(Kent). 
Ibid , 


i         20  10  45  p.m  Ibid 


2010  49  p.m. 
20*  10  56  p.m. 

20  10  57  *p.m. 


(bid. 
Ibid. 

Ibid. 


=3rd  mag.* 
=3rd  mag.  * 

=3rd  mag.* 

=3rd  mag.* 
-2nd  mag.« 

=3rd  mag.* 


White  . 
White  . 

Yellow 

Yellow 
YeUow 

YeUow 


0*4  second 
j0*7  second 

1*2  second 

0  6  second 
09  second 


20  10  58  p.m.  Ibid ,=2nd  mag.* 

2010  59  p.m.  Ibid 


Orange  colour 


1  second 


2011     1  p.m. 
2011    2  p.m. 


20 
20 
20 

20 


11  4  p.m. 
11  6  p.m. 
11  19  p.m. 

U  22  p.m. 


0*8  second 
0*7  second 


Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 

Ibid. 


=3rdmag.*    iWhite  .., 

:=3rdmag.*    Orange     jl*2  second 


==3rd  mag.* 

....i= 1st  mag.* 

j=3rd  mag.* 

....  =3rdmag.* 


'White  :0-5  second 

White J0*8  second 

White :0-8  second 

White 0*7  second 


the  id 

of  ?m 


=2nd  mag.* 


20J11  30  p.m.|Ibid |= 2nd  mag.* 


Orange  colour  0*9  second 
Orange  colour!  0-8  second 


20  11  36  p.m.  Ibid =3rd  mag.*    White 0*6  second 

!                                                               I 
20  11  40  p.m.  Ibid =  3rd  mag.*    'White. 0*9  second 


From 
tion 

jastbsV 
Ursa*  iN 
to  a  poia  I 
little  beya1) 
Lyrsc  I 

From  i  «c,  Y  ^ 
Dracoois. 

From  E,  Psi^ 
to  i  (1  Cel, 
Eridani). 

Appeared  at  c  C 


From  c  to  •  fi 

corns. 
From  i  (*  Lth< 

.  Ursse  Mirx 

tO  £  (v,  f)  lit 

Majoris.        I 
From  |  (e  Lyd 

p     CameloH 

to  A  Ursa*  H 

joris. 
From  |  («,  t)  (a. 

Tauri. 
From3Camcl3p* 

to  e  Pcrsd. 
From  A  tolj) 

PcrseL 
From  c  Casskip 
|  to  r  Custody 
From  3  Eridaa 
j  4°undercC«l 
From  •  Ur*** 

to  X  Dracofiii 
From     k    Aisi 

halfway    to  i 

Lyncis. 
From  ^  Andreas 

to  a  Laceue. 
From /3  Andreas 

toi08,»l)Pe? 

From  x  *°  f  ' 

rigae. 
FromcCamelops 

to  e  Draconic 
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tmxx;  Train,  if  any, 
nd  its  Duration. 

Length  of 
Path. 

Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 

Remarks. 

Observer. 

i  , 

6° 

Perpendicular 

W.  C.  Nash. 

A.  S.  Herschcl. 

Id. 

Arthur  Harding. 

A.  S.  Uerscliel. 
Id. 

Id. 

Id. 
Id. 

Id. 

Id. 
Id. 
Id. 

4° 

Directed  from   »  Dra- 
conis. 

Nine  meteors  in  forty- 
five   minutes :    clear 
sky;  one  observer. 

item  of  white  colour 

35°  to  40°_ 

toiler  sparks 

From    Radiant   0,    in 

Orion. 
From    Radiant   0,    in 

Orion. 

Directed  from  l2  Ceti, 
Radiant  T,   in    Ce- 
tus. 

From    Radiant   0,    in 
Orion. 

From  Radiant  F,  in  Au- 

From   Radiant   Rit    in 
Mnsca. 

From    Radiant   0,    in 
Orion. 

Theprevions  three  nights 
generally  overcast. 

teurspsrks 

tmvtpirks s°_... 

ktii  or  sparks 

tts  or  sparks 

fc&Q  or  sparks 

tttfrcak  fori  second 

«^n  trashy  appear- 

stc 

^flrtparks 



Serpentine  coarse.    Ra- 
diant, Polaris. 



Id. 

l»*rt  for  2  seconds 

From    Radiant   0,    in 

Orion. 
From    Radiant   0,    in 

Orion. 
From    Radiant   0,    in 

Orion. 

From    Radiant   0,    in 



Id. 

Uitofkfcrltecond 



* 

^*nkfor2tecondi 

w. 

*»**ak  for  3  seconds 

Id. 

ft'^frSseeoDdt 

Orion. 
From    Radiant   0,    in 



Id. 

ft*rtrokfor  1  second 

Orion.      Another,  = 
1st  mag.  star  in  Ge- 
mini. 

From    Radiant   0,    in 
Orion. 

Prom    Radiant   0,    in 
Orion. 

Id. 

*1*^  for  2  seconds 

Id. 

u 


Heport — 1866. 


1  1865. 
Oct.  20 


20 
20 


20 

20 
20 


20 


20 
21 

21 
21 


Apparent  Size. 


h  ra   a 

1141  p.m.  Hawkhurst  =3rd  mag.* 

(Kcut). 


11  43  p.m. 

11  43  30 
p.m,. 


11  47  pm. 


11  48  p.m. 


Ibid  . 
Ibid. 


=3rd  mag.« 
=4th  mag.» 


Ibid i=2nd  mag.* 

Ibid =2ndmag.* 


! 
11  57  p.m.  ibid 1= 2nd  mag.* 


11  58  p.m. 


(bid. 


12    0  p.m.  Ibid, 

12    1  30     Ibid . 
am. 


=  lst  mag.* 


= 3rd  mag.* 
=  lst  mag.* 


12    4  a.m.  Ibid =  3rd  mag.* 

12    9  a.m.  Ibid =  3rd  mag.* 


21,12  18   a.m.:(bid =  3rd  mag.* 


21 1 12  19  a.m. 

2112  38  a.m. 

21  12  33  a.m, 

i 

21  12  43  a.m 

| 

25   6     1  p.m. 


Ibid. 
Ibid. 
Ibid. 


.!=2nd  mag.* 
J=2nd  mag.* 
.  =2udtnag.« 


Ibid =2nd  mag.* 


I 


Duration. 


i        Poiitica,  at 
Altitude  eai 

Azimuth. 


White ,0*7  second 


White 0aC  second 


White 


0-9  second 


White 0*5  second 


White ;0'8  second 

Yellow     !0-7  second 


Orange  colour  0*8  second 


White  0*5  second 


Orange  colour 08 second 

i 
White  J0-6  second 

White  0-5  second 


.  Bayswater   ' Three     ti mes     a< 

|    bright  as  a   1st 
mag.* 
2J   8  43  p.m.  Weston  -  super  - '  =  1  st  mag.*    ... 
Mare.  j 


26:10  38  p.m. 


Hawkhurst         '  =  3rd  mag.* 
(Kent).  I 


White 

\Uite 
Wliitc 


0*4  second 

0C  second 
0-6  second 


White  1  second  ... 

I 
White  0-7  second 


Blue    2  seconds 

Bright  blue ...  1*5  second 
Wliitc  0*5  second 


Prom  ±  (L,  c ;  \ 
mclopanfi  to  I 
laris. 

From  Polaris  ta 
Dracotus. 

From  c  Ursa*  1 
joris,  on  a  f 
continued  t» 
Draconis,  ibsi 

1     pearing  0   tk 

I     of  that  Uar. 

JFrom  c  Persia 
i    (jm,    Pent 

1     Anrigac). 

From  ^  to  |  {ft,  i 

I     CetL 

'Oa  a  line  frw 

|     to     0     Anns 

!     beginning 
before      r,    a 
ending  5"  bejti 
0  Anrigae. 

FromK«.9)Cepl 
to  •  Cygni ;  1 
ginning  5°  beS 
the  former,  a 
ending  5°  bra 
the  latter  post 

[From   r    to  9  A 

•     dromedae. 

From  d  Piacnmi 
J  (fi  Pisciuir. 
Pegasi). 

From/3to33C«g 

From  4*  to  J  ) 
BAC  7582,  | 
Cephei). 

From  e  L. yncis  to 
(DUnae  Major 
p  Camelopanii 

From  Z  Amiga* 
tPersei. 

From  m  to  jr  Un 
Majoria. 

Began  at  *  Canea 


From  (3  Aorigcl 
I    g  Lyrius, 

.From  y  Ursa  )i 
noris,  carved  x4 
,     neath  Polaris. 

•I  «=         U 

|  From      0°  +  * 
I  to  3    +  i 

.  From  A  Lyncistt 
I     Ursae  Majoria 
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raace;  Trmiu,  if  any, [  Length  of 
ad  its  Duration.  Path. 


streak  for  2  seconds . 


streak  for  1  second  ., 

i»:reak  oa  Us  whole'.. 
r»c  lur  2  seconds.       ' 


a  streak  for  2  second* 
a  streak  for  2  second* 


I  a  streak  for  4  seconds 


>  a  streak  for  1  second 
;  a  streak  for  3  seconds 

t  a  streak  for  1  second 
t  a  streak  for  1  second 

t  a  streak  for  1  second 

t  a  streak  tor  2  second: 
t  a  streak  for  2  second? 
train  or  sparks 


ft  a  streak  for  1 J  second 
>  train  


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


From    Radiant   0,    in 
Orion. 

From    Radiant    O,    ii 

Orion. 
From  Radiant  L,  in  Lcc 


From    Radiant    R3,    in 
i     Musca. 

From     Radiant    O,    in! 

Orion. 
From     Radiant*  O,    in 

Orion. 


From    Radiant    O,    in 
Orion. 


From     Radiant    O,    in 

Orion. 
From     Radiant    O,    in 

Orion. 

From     Radiant    O,  *  in 

Orion. 
From     Radiant    0,    ii. 

Orion. 

From    Radiant    O,    in 
Orion. 

From    Radiaut    F,    in 

Auriga. 
From     Radiant   O,    in 

Orion. 
Directed  from  i  (/?,  c) 

Gemiuorum.  Radiant 

O,  in  Orion. 
From    Radiant    F,    in  I  n  2  hours  1 5  minutes  4 1  Id. 

Auriga,  meteors :  clear  sky ;  no 

moon ;  one  observer. 

Curved Lost  sight  of  behind  a 

house, 


o  trsia  or  sparks < I A.  S.  IJcrschel, 


Arthur  Harding. 
W.  H.  Wood. 


j 
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REPORT— 1886. 


Date 


Hour. 


Flace  of 
Observation. 


{  1865. ,  h  m    a 
Oct.  28  10  55  p.m.  Hawkhurst 
(Kent). 

i 

I 
Mov.  5   8  19  p.m.  Regent's  Park, 

London. 
8  34  p.m.  Weston  -  super  ■ 

Mare. 


8  40  p.m, 


Between    6 

I  and  7  p.m, 

8    7  26  p.m, 


7  40  30 
p.m. 


9 
12 


9  46  p.m. 
6  40  p.m. 


12  10  45  p.m. 

i 

12  10  55  p.m 

I         • 
12  11  17  p.m. 

12  11  22  p.m. 

12  11  22  30 

p.m. 
12  11  31   p.m 

12  U  46  p.m 


Jgem 
London. 

Lancaster... 

Greenwich 


Blackheath  . 


Ibid. 


Apparent  Size. 


=2nd  mag.* 

=  1st  mag.* 
=Sirius  


=  1st  mag.*    . 

Large  meteor . 
=2nd  mag.*  . 


=3rd  mag.* 


=4tb  mag.* 


Brook,  Norwich  Bright  as  Venus  , 


Cambridge 


Ibid 

Flimwell,  Sussex 

Ibid 

Ibid 

Ibid 

Ibid 


Bright  meteor., 


Several  bright  me- 
teors. 
= 3rd  mag.*    ... 


12 


11  49  p.m 


Ibid. 


13  12    0  a.m.;IIawkhurst 

I  (Kent). 


Brighter 

Venus. 
Brighter 

Venus. 
= 3rd  mag.* 

=  lst  mag.* 


than 
than 


Colour. 


Duration. 


Position,* 

Altitude  ai 

AziiBtzt*, 


White 0-6 second  ...'From  EPsslte 

I  i     d  Eridani. 


White J0*5  second  ...  From  *  Moses 

|  '     (y,  9)  Arieti 

Red  an dvellow  1*5  second  ...            «»        < 

!  jFrom    90°  -f  I 

I  .  to          98    r{ 


White  0*5  second  ...  From     •    Cstij 

to  ar    Ur»  1 
i    joris. 


Yellow 


Yellow     0*3  second 


Momentary . 


Directed  frJ 
point  about 
above  •  Hew 
towards  ft  Lj 

I 

•  From  a  point  all 
I     above  and  to 


I     N.  of  m  Cer« 
Borcalis,  towi 
I     horizon. 


Bluish -fa  second 


Appeared    near1 
I  |     Eridani. 

White  .........  1  second  ......From  £  to  fi  Xh 

Majoris. 


Bine 


Blue    

Rapid  motion 
.Rapid  motion 

I 


Croasinsr  the  1 
star  of  the  til 
Ursa  Major. 


Moderate 
speed. 


As  bright  as  Jupiter, Moderate 
speed. 


=  1st  mag.*., 


From  near  Cape 

to  the  Pleiades 
Disappeared     1 

below  /9  Arieti 
Disappeared  si 

Ononis. 
From  8°  below  3 

y  Geminonun. 
From  Aldebaru 

38  Arietis. 


From    11°    W. 
,     Pollux. 


White 1*5  second 


From«Urt«Mijd 
!    tomCustodis. 
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aiance;  Train,  if  any,  Length  of 
tod  its  Duration.  Path. 


nia  or  sparks  . 


a  slight  train 


4  slight  train 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


A  flash  only 


train , 

tnia  or  sparks , 


fr   s    phwphorescent^O 


itaraoriperks  . 


E.  to  W. . 


Slightly     inclined     to 
zenith. 


Inclined 


/ 

2° |  Perpendicular. 


Horizontal,  left  to  right 
Inclined  


Remarks. 


Three  meteors  in  thirty 
minutes:  half-moon; 
clear  sky;  one  ob- 
server. 


Observer. 


Tail  10°  1  sec  ;  meteor 
increased  in  intensity 
and  showed  a  red 
crescent  on  anterior 
hemisphere. 


A.  S.  Herschal. 

T.  Crumplen. 
W.  H.  Wood. 

T.  Crumplen. 


Manchester  fEx- 
aminer&  Times.1 
Thomas  Wright. 


Id. 


Id. 

4 

Communicated 
by  A.  S.  Her. 
schel. 

W.  H.  Hudson. 


Hi  train. 


eftitrtia 


23° 

20° 

18° 


Course  halfway  from  the 

Pleiades.  • 
Course  halfway  from  the! 

Pleiades. 


■**fa2ifcoads 


N 


Id. 
jF.  Hewlett. 

,  Id. 

i 

i 

i 
Id. 


A.  S.  Heischel. 
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REPORT — 1866. 


Date. 


Hour. 


1865.    h    m  s 
Nov.  13 12     1   a.m. 

I 
1312    2  a.m. 

1312    9   a.m. 

13  12  11   a.m. 

13  12  11  30 
a.m. 


13  12  11  30 

I     a.m. 
13  12  13  30 

a.m. 


Place  of 
Observation. 


Flimwcll,  Sussex 


Apparent  Size. 


Colour. 


Ibid 

Wisbeach     |  =  lst  mag.* 


! 

=  1st  mag.*    Blue 

I 

=2nd  mag.#  , ■ 


.  Yellow 

I 


Newcastle  -  on  •' 

Tyne.  | 

Hawkhurst  —1st  mag* 

(Kent).  i 


White 


Duration. 


Position,  « 

Altitude 

Azimuth. 


Wisbeach., 


13 
13 

13 

13 
13 

13 
13 


12  18  a.m. 


12  18  30 
a.m. 

12  19  10 
a.m. 


12  24  a.m. 
12  25  a.m. 

12  25  a.m 
12  27  a.m 


Ibid 

Fiirawell,  Sussex 


13  12  27  30 

|     a.m. 
13  12  28  a.m 

l 


ilawkhurst 
(Kent). 


=2ndmag.»    [White 1*2  second  ... 

= 1st  mag.*... 


Wisbeach., 


Hawkhurst 

(Kent). 
Fliinwell,  Sussex 


Wisbeach., 


Ilawkhurst 

(Kent). 
Ibid 


Ibid. 


1312  29  a.m.  Flimwell,  Sussex 


Ilawkhurst 

(Kent). 
Ibid 


13  12  34   a.m 

1312  36  a.m 

13  12  41   a.m.|Flimwelly  Sussex 

1312  42  a.m.  Newcastle  -  on 
Tyne. 


13  12  42  30 
I    a.m. 


Flimwell,  Sussex 


=  1st  mag.* ;  Yellow 


Bright  as  Jupiter...  Orange  colour 


Very  rapid  .. 'From   jc  Ui 

I     joris     near)] 
Cassiopeia. 

Began  4°  VT. 

I  Geminorunv 
From  Z  Genua 
|     to  at  Lyiicia. 

From     Pleiads 

S.W.  ofAri 
1*3  second  ...From    r  U: 

joris  towCe 


3£  seconds 


1  seconds 

I -8  second  .. 


Moderate 
speed. 


=2ndmag.*    White 


Bright  as  Venus  ...'Yellow 


Brighter     than      | Yellowish    ... 
Venus. 


= 2nd  mag. »  

=2ndmag.*  i White  . 

= 2nd  mag.*  White 

= 2nd  mag  *  ■  White 


I 


1 1  second    .. 

14  second  .. 

Moderate 
speed. 

14  second    ... 

0-5  second  .. 

I  second 

1*2  second  .. 


Very  slow  mo- 
tion. 


Brighter    than 
Jupiter. 


= 3rd  mag.*    White  0*7  second  .. 

1                       I 
=  lstinag.» White  1  second 

=2nd  mag.* Rapid  motion. 


=2nd  mag.* 


1 
,.:  Rapid  motion. 


From  /3  Caned! 
i  (*,*)Mojiocel 
To  k  Leonis ;  d 
,     quarters    ofj  j 

way    from  3! 

onis. 
From    1°    qb4 

Monoceroii*   1 

CLeporis. 
From  about  10° 

of  y  Gcminoi , 

to  k  Orionis*  • 

onwards. 
From       «      Cat 

through  *  Lyt 

to  near  c  Cat 

lopardj. 
First  appeared  a 

Sceptri. 
From   very    Deal 

Ononis    towal 

S.W. 
From  •  CanisMiaf 

to  near  m  Taai 
First  appeared  a] 

Canis  Miacrisi 
From  *  (y,  I)  at 

Cancri.  1 

From  3  Perseiti 

(c  Persei,   71 

dromedac). 
Appeared         aba 

4°      below     il 

Pleiades. 
From  1°  N.  of  «  1 

B  Geminorutn.  1 
From  0  to  0 

Majoris. 
Appearednear] 

From  fi  Tauri,  w 
Pleiades,  and 
of  Aries,  do  wri 
W.  horizon. 

Appeared  aboat : 
below  Rigel. 
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mace;  Train,  if  ray, 
id  its  Duration. 


Length  of 
Path. 


Direction ;  notiug  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


fin*  train"... 


train.. 


50° 

10° 
30° 


••••••.»•... 

streak  for  3  seconds 

t  train... •• 

a  green    streak  for 


a  streak  for  2  seconds 
a  train 


i  on  the  whole  course  20° 


25° 


-shaped;  left  a  streak 

r4  seconds. 

a  very  fine  train 


strain  of  15° 

a  streak  for  2  seconds  6° 


20°  .., 
25°  ... 


a  yellow   train   for 
seconds. 
a  streak  for  2  seconds 


strain. 


it  streak  for  1  second 
Is  streak  for  2  seconds 


k.. 


3°. 


20° 


20° 


Identical  with  the  pre- 
ceding meteor. 


Upwards  towards  Lynx 
Nearly  horizontal   ... 


Horizontal 


Identical  with  Cam. 
bridge  No.  3f  12*11" 
32*  a.m.  (See  An 
pendix  IV.  2). 

Nucleus  coruscant , 


Streak  decidedly  green. 


Identical  with   Hawk- 
hurst,  12h  18m  a.m. 


Nearly  perpendicular . 


Directed  from  0  Cancri 


Identical    with    Hawk 
hurst,  12b  24°  a.m. 


Directed  from  •  Cancri 


Downwards 

towards 

crooked, 


irds  f~ 

i  S;        A 
itthus  <*T 


Towards  S.W. 


rowsrds  fc.W. 


P.  Howlett. 

Id. 

S.  II.  Miller. 
T.  P.  Barkas. 
A.  S.  Hcrschel. 

S.  H.  Miller. 
A.  S.  Herschel. 

Id. 

P.  Howlett. 

S.  II.  Miller. 

A.  S.  Herschel. 
F.  Howlett. 

S.  H.  Miller. 
A.  S.  Herschel. 
Id. 
Id. 

F.  Howlett. 

A.  S.  Herschel. 

Id. 

P.  Howlett. 

T.  P.  Barkas. 


P.  Howlett. 
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RJCPORT — 1866. 


Date. 


1865, 
Not.  13 

13 


13 
13 

13 

13 
13 
13 


Hour. 


h  m    • 
12  44  a.m. 

12  44  30 
a-m. 

12  44  30 

a.m. 
12  46  a.m. 


12  46  a.m 

12  48  a.m, 
12  48  a.m 
12  51  30 


Place  of 
Obserratioa. 


Flimwell,  Sussex 

Hawkhurst 
(Kent). 


Wisbeach.. 


Hawkhurst 
(Kent). 

Flimwell,  Sussex 


Newcastle  •  on 

Tyne. 
Ibid 


=2nd  mag.*  ..... 

Brighter      than 
Venus. 

CorCorali  

» 1st  mag.*    ..... 


13:12  53  30 
a.m. 


13  12  54  15 
a.m. 

1 12  54  30 
a.m. 

t 12  54  45 
a.m. 


13 

13 
13 
13 

13 
13 


jHawkhurst 
i    (Kent). 

Flimwell,  Sussex 


Hawkhurst 

(Kent). 
Ibid 


13 


12  57  a.m 


1    0  a.m 

1    0  15 

a.m. 
1     1  30 

a.m. 

1    3  a.m 

1     4  45 
a.m. 

1    6  a.m. 


Ibid. 


Newcastle  -  on  - 
Tyne. 

Flimwell,  Sussex 

Ibid 


I 


13    1     6  30 

I    a.m. 
13   1    7  a.m. 


13   1    7  45 


Hawkhurst 
(Kent). 

Wisbeach    . 

Ibid 


13 


1    8  a.m. 


Flimwell,  Sussex 


Hawkhurst 

(Kent). 
Flimwell,  Sussex 


Hawkhurst 

(Kent). 

Flimwell,  Sussex 


Apparent  8iie. 


Greenish  white  2  seconds 


=  1st  mag.*.. 


=Sirius  .... 
« 1st  mag.*., 


Colour. 


Yellow     . 
Greenish  . 


Appeared  aboil 
above  RigtL 

First  appeaW 
m  Leonis. 


Rapid •  Canis  Miaea 

near  «  Taari 

1-5  second  ...  Prom  a  Ursa  I 
joris  to  J  l 
laris,  a  Tira  1 


Very   rapid 
motion. 


White 


-2nd  mag.* 
=>3rd  mag.* 
*»  2nd  mag.* 


White  , 

White 

White 


Bright  as  Jupiter.. 

Bright  as  Jupiter.. 

2nd  mag.*  


*  1st  mag.* 


White 


Light  blue  ... 


-  1st  mag.*    k  White 

a  1st  mag.*   ... 


3rd  mag.*   .. 
Bright  as  Jupite 


Yellow 


•  lat  mag.*    ..„„«  Bluish  white... 
Bright  aa  Jupiter.~(  .„,„. ....... 


J.. 


Duration* 


Poaitkm,  g 
Altitude  sa 

AaunatL 


1  second 


1  aeooad . 


1*4  second 


Moderate 
speed. 

Moderate 
speed. 

1*2  second 


H  second 
2  seconds., 


Prom  near  c  ( I 

Majoris,   * 

to  Cassicpa 
Prom  y  GemiM  I 

to  Pleiades. 
Prom  7  GemiB  | 

to  Pole-star. 
From  Z  Im 
I  halfway  to 
i  Leonis  Mine 
From     10°   tx 

Procyon  to 
i  above  Siriat. 
,  From  g  to  n 

nocerotis. 
,  From  *  VrsM  J 

jorietoeLfi 
From  m  to  g  I 

conia,    and 

further. 

From  a  little  « 

of  Castor,  tit* 

Aldebaraa. 

From  near,  ui 

bove*to/30ria 

Appeared  wtr\ 

geL 
From    7  Trisaj 

toi  (pPisai 

e*  Andromeda! 
10,+)  to. I 


1  aeooad 

Rapid  motion 

1*1  second  «. 


From  near/3Ci 
Minoris  to  1 
OrioB]S,MEri* 

Appeared  bfti 
«  and  |3  Gi 


Frame  Geminof 

totJtCaaeii 
From  c  Una 

joris  to  Cti 

peia. 
From  u 

joris 

lopardL 
Appeared   near 

CaatiopeUc. 


■  Una  ■ 
to  fCd 
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■ranee;  Train,  if  any, 
ind  its  Duration* 

Length  of 
Path, 

Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 

Remark*. 

Observer. 

20°  

3° 

Towards  S.W.,,,.,, 

F.  Howlett. 
A.  S.  HertcheL 

S.  H.  Miller. 
A.  S.  Herschel. 

F.  Howlett. 

T.  P.  Barkaa. 

st  stationary;  left  a 

Directed  from  u  Leonis 
Horizontal  .it 

eak  at  the  place  for 
seconds. 
i  for  If  second    

k  2\  seconds  

Identical    with     Cam- 
bridge,   12*    46m    2» 
a.m.    (See  Appendix 
IV.  2.) 

Identical   with    Hawk- 
hurst,  12*46-  a.m. 

ftfiqe  train 

45°  , 

a  

n  

Id. 

A.  S.  Herschel. 

F.  Howlett. 

A.  S.  Herschel. 

Id. 

Id. 

T.P.Barkas. 

F.  Howlett. 

Id. 

A.  S.  Herschel. 

S.  H.  Miller. 
Id. 

P.  Howlett 

A.  S.  HertcheL 
F.  Howlett. 

A.  S.  HenoheL 

F.  Howlett. 

*  *  ttreak  for  4  seconds 

28°  

Identical   with    Hawk- 
hurst,    12h   54-    15" 
a.m. 

I 1  streak  for  3  seconds 

t  a  streak  for  3  seconds 

U  train     

15°  

1*  train 

30°  

Towards  W»    

k  a  ttreak  for  2  seconds 

m  

10°  

Horizontal 

tain  or  sparks 

Towards  N.E.   part  of 
horizon. 

identical   with   Hawk- 
hurst,  lk6m  30s  a.m. 

traia  or  sparks 

fr  t  very  long  train 

ft  t  ttreak  for  3  seconds 

30°  

Identical   with    Hawk- 

Identical   with    Hawk- 
hirst,  1*  8»  45"  a.m. 

38°  

Towards  N.  point  of  ho- 
rizon. 

b2 
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REPORT — 1866. 


Date. 


Hour. 


18G5. 
Nov.  13 


13 
13 

13 

13 

13 
13 
13 
13 
13 

13 
13 

13 
13 

13 

13 
13 


Place  of 
Observation. 


h  m  a 
1  8  45 

a.m. 


1  14  a.m. 

1  14  15 
a.m. 

1  15  cum 


1  16  30 
a.m. 

1  18  a.m. 


1  18  15 
a.m. 

1  18  45 

a.m. 

1  23  a.m 


1  24  45 
a.m. 


1  26  15 

a.m. 

1  28  15 
a.m. 

1  29  a.m/ 


1  30  54 
a.m. 


1  31  a.m. 

1  32  run 
1  33  30 


Hawkhurst 
(Kent). 

Flimwcll,  Sostex 

Hawkhurst 
(Kent). 

Wisbeach  (Cam 
bridgeshire). 

Hawkhurst 
(Kent). 


Ibid 

Ibid 

Ibid ... 

Flimwcll,  Sussex 

Hawk  hurst 
(Kent). 


(bid. 
Ibid . 


Apparent  Size. 


=  3rd  mag.* 

=  1st  mag.* 
=3rd  mag.* 

=»  2nd  mag.* 

»  2nd  mag.* 

=3rd  mag.* 
= 2nd  mag.* 
=  2nd  mag.* 
-2nd  mag.* 
=  2nd  mag.« 

=•  2nd  mag.* 


King's    Cross 
(London). 

Royal  Observa- 
tory, Green- 
wich. 


Hawkhurst 
(Kent). 


King's    Cross 

(London). 
Ibid 


Brighter  than  a  1st 
mag.* 


—  1st  mag.* 
=  1st  mag.* 

«3rd  mag.* 

*  2nd  mag.* 

—  1st  mag.* 


Colour. 


Orange 


White  . 
White  . 

Yellow . 

White  . 
White  . 
White  . 


White  . 

White 
White  , 

Bluish  , 
White  . 

White  . 


Bluish  , 


Duration.. 


1*2  second  ... 

Rapid  motion.. 
0*9  second  ... 

2  seconds    ... 


I  second  , 


0*7  second  ... 
0*9  second  ... 
0*9  second  ... 

Rapid  

0*8  second  ... 

0*9  second  ... 
1  second 


Position,  c 

Altitude  as 

Azimuth. 


From   p  Cassk 

tO      i      T,    Cf 

e  Lacertec 

Appeared  at  fi 
rnioorum. 

From  2"  abort 
lux,  halfway 
Aurigac. 

From  \  (y,  *) 
dani)  to  \ 
Eridani,  EJ 
terii).  | 

From  r  MoeJ 
tia  to  a  pais 
R.A.  125% 
Decl.  172. 

From  X  Canis 
noris  to  2  1 
25  Monoceit 

From  c  Hydra 
(<rHydrae,^ 
nooerotis). 

Fromi(ir,r)l 
Majoris  to| 
P)  Camelopa 

From  /3  Cams 
noris  to  c  I 
onis. 

From  e  Urse  ! 
joris  to  a  p 
in  R.A.  23 
N.  DccL  603, 

From  I  (vtz)l 
Majoris  to  0 
melopardi. 

From  £  Persri  I 
Andromeda. 


0*6  second  ... 
2  to  3  seconds 

0*7  second  .. 
0*5  second  ... 


From  b  Leonb 
noris  to  t  t 
Majoris. 

Appeared  abort 
above  m  Orio 
and  passed  at 
the  same 
tance  above 
Ononis  tow 
y  Eridani. 

From  ti  Tanri  t) 
(<r,  «)  Arietis. 


From  *  to  i  (v, 
Tauri. 

0*7  second  ...From  m  Ononis 
3°  below  si  1 
nocerotis. 
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aranee;  Train,  if  any, 
sad  in  Duration. 


Length  of 
Path. 


Direction;  noting  aim) 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarka. 


Observer. 


rain  or  sparks  , 


a  train...*. 15° 

a  itrtak  for  1  second 


a  bright  streak 


i  a  streak  for  2  seconds 


1 1  streak  for  1  second 


1 a  ihort  bright  train 

far* 


U  itrtak  for  2  seconds 

ft  a  train , , 

Ha  streak  for  2  seconds 

ft  a  streak  for  2  seconds 
ft  a  streak  for  5  second 


40° 


ft  a  train  for  3  seconds..  23° 


fraitttak  for  I  second 


j***5a}»  train  for  I  sec. 


Towards  Aldebaran 


Identical  with  Cam- 
bridge. No.  53,  lh  8M  37" 
a.m.  (SeeSuppt.toCat.; 
and  Appendix  IV.  2.) 


Very  exact  observation. 


Identical  with  Cam 
bridge,  No.  70,  lh24"56* 
a.m.  (SeeSuppt.toCat.; 
and  Appendix  IV.  2.) 


Identical  with  Cam- 
bridge,No.75,lh27n,37' 
a.tn.  (See  Suppt.  to  Cat. : 
and  Appendix  IV.  2.) 


Inclined  S.E.toS.  by  W, 


From  Radiant  in  Taurus 


A  very  brilliant  meteor. 
Identical  with  the 
next. 


Identical  with  Green- 
wich, lh  30m  54' 
a.m.  (See  Appendix 
IV.  2.) 


A.  S.  Herschel. 

P.  Hewlett. 
A.  S.  Herschel. 

S.  H.  Miller. 

A.  S,  Hertchcl. 

Id. 

Id. 

Id. 

F.  Howlett. 

A.  S.  Herschel. 

Id. 
Id. 

T.  Cnunplen. 
M.  Rikatcheff. 

A.  S.  Herschel. 

T.  Cnunplen. 
Id. 
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justoaT — 1866. 


Date. 

Hour. 

Place  of 
Observation. 

Apparent  Site. 

Colour. 

Duration. 

Position,  €i 
Altitude  sea 

Azimuth. 

1865. 
Nov.13 

13 
13 
13 

13 
13 
13 

13 

13 
13 

13 
13 

13 

13 
13 

13 

13 

h  m   s 
1  35  a.m. 

1  36  a.m. 

1  37  25 

a.m. 
1  42  50 

a.m. 

1  49  a.m. 
1  54  a,m. 
1  54   a.m. 

1  55  a.m. 

1  55  45 
a.m. 

1  59  a.m. 

2  1  15 
a.m. 

2    3  38 
a.m. 

2    8  40 
a.m. 

2    4  30 

a.m. 
2    4  48 

a.m. 

2    4  50 
a.m. 

2    5   «UTO. 
2    8  a.ra. 

2    9  20 

a.m. 

Hawkhurst 
(Kent). 

King's    Cross 

(London). 
Hawkhurst 

(Kent). 
Ibid 

■s  3rd  mag.* 

White 

0*8  second  ... 

From    Q  Cra 

Planetary  disk  «■  to 

Venus. 
Bright  is  Jupiter... 

«  3rd  mag. #   

•3rd  mag.*   

—  1st  mag. #    

-Sirius  

pardi  toTbe 
Polaris   isd 
farther. 
From  1  to  E  Lei 

White 

White 

White 

White 

Silvery  white- 

0*7  second  ... 
0-8  second  ... 

1  second  

1  second 

1  second 

From*  to/Fad 

From  e  to  j  (\ 
Tauri,  and  a 
far  again. 

From  b  Mea 

Ibid 

Ibid 

y  Pisriom. 
From  J  («,c)fi 

to|(A,r)C< 
From    €  Ge-a 

King's    Cross 
(London). 

Ibid 

»  2nd  mag.*  

rum  to  7  0 
nis,  and  ten 
Ononis,    vi 
star    it    tot 
obscured. 
From  +  Cancn 

i  («. »  o 

Minora. 
From  1°  N.  i 

Monocerotit. 
Disappeared  a1 

Hawkhurst 

(Kent). 
King's    Cross 

(London). 

Hawkhurst 
(Kent). 

Royal    Observa- 
tory,    Green- 
wich. 

Hawkhurst 
(Kent?. 

King's    Cross 
(London). 

Royal    Observa- 
tory,    GreQQ- 
wich. 

Hawkhurst 
(Kent). 

Jbid  .  ..........  . 

=3rdmag.#   

=2nd  mag.*  ...... 

White  

0-8  second  ... 
0*8  second  ... 

1-5  second  ... 
2  seconds 

1  second 

=2nd  mag.*  

Brighter  than  a  1st 
mag.* 

=  1st  mag.*    

Yellow     

Bright  blue... 

White 

Leonis,  ca 
halfway  a 
Procyon. 

From  6  Penei  I 
Cassiopeia. 

From  the  dirtd 
of  y  Cassiop 
to  a  point  I 
way  betwei 
and  i}  Perui, 

From  g  Lacertra 
g  UooonuD. 

Centre  at  0  C 

Minon's. 
Disappeared 

twcen  0  Ol 

and  PnvTOsJ 
From  «  AuriJ 

b  Telescopiu 

From  e  Gemini 
to  B  Tauri. 

Disappeared  4 
S.ofH'rd 
jorii,  one4 
of  the  v*ji 
t  Leonis. 

FromProcyos 
MonoceroA 

— i 

Brighter  than  ft  1st 
mag.* 

=  2nd  mag.*  

a  1st  mag.*    

« 1st  mag.*    

=  lstmag.#    

Blue 

1|  second    ... 

0*8  second  ... 

11  second  ... 
0*8  second  ... 

0*9  second  ... 

Yellow     

White 

•  •' 

[hid 

White 

j3 
13 

1 

\h\A 

White 
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arance;  Train,  if  any, 
tad  iuDnratJoa. 


Length  of 
Tath. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer* 


i  streak  far  Saecosub 


a  streak  far  5  seconds 

I 

a  streak  for  lv  second 


a  rery  bright  streak 
r  3 


I  a  streak  lor  1  second 


tw  gradually  less;  no. 
rain  or  sparks.  { 

rateor  with  a  very  fine . 
vary  train.  I 


ft  a  streak  for  3  seconds'. 


Farther  view  obstructed 

by  buildings. 
Three    bright   meteors 

nearly  together. 


Good  observation 


Radiant,  K  Persei 


elttminons  streak  only  15°  

*«a.  I 

ft  i  fiae  train  for  1  sec.  About  15°„. 


Directed  from  y  Leonis 

Directed   from    v   Ge- 
minoram. 


This  meteor  was  very 
similar  to  the  one  at 
l*35B30'a.m.  Jden 
tical  with  the  next. 

Identical  with  the  pre 
ceding.  (See  Ap- 
pendix IV.  2.) 


Identical  with  the  next 


A.  Pi*  Hersehet. 

T.  Crumplen. 
A.  S.  HerscheL 
Id. 

Id. 
Id. 
T.  Crumplen. 


Id. 

A.  S.  HerscheL 
T.  Crumplen. 

A.  S.  HerscheL 
Arthur  Harding. 

A.  8.  HerscheL 

T.  Crumplen. 
W.  C.  Nash. 


ew  gradually  less ;  no', 
train  or  sparks. 

I 
A  a  broad  streak  for'. 
I  seconds. 

A  a  bright  streak  for  3 . 
seconds.  - 


Radiant,  I  Persei Identical  with  the  pre.  A.  $.  HerscheL 

ceding.       (See   Ap- 
i    pendix  IV.  2.)  ! 

L.*7. Id. 


Id. 


■Albright  sireak  for  3 


Identical  with  the  fol-  Id. 
lowing.       (See   Ap- 
pendix IV.  2.) 
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BEFOBT — 1866. 


Date. 


1865. 
Nov.13 


Hour. 


h  m    s 

2    9  27 

a.m. 


13 

13 
13 

13 

13 

13 

13 
13 

13 

13 

13 
13 

13 

13 


Place  of 
Observation. 


2  15  15 

a.m. 

2  16  15 

a.m. 
2  18  30 

a.m. 

2  19  45 
a.m. 

2  20  20 

a.m. 

2  22  a.m. 


2  28  15 

a.m. 

2  30  15 

a.m. 

2  33  a.m. 


2  33  10 
a.m. 

2  37  a.m. 


2  37  10 

a.m. 


2  41  15 

a.m. 

2  47   a.m 


Royal  Observe 
tory,  Green- 
wich. 

Hawkhurst 
(Kent). 

Ibid 

Ibid 

Ibid 

Ibid ...... 

Ibid 

Ibid 

Ibid 

Ibid , 

Ibid 

Ibid..... 


As  bright  as  Sirius.. 


13   2  48  20 

a.m. 
13   2  52  a.ra 


Apparent  Size. 


=2nd  mag.* 

= 1st  mag.* 
=2nd  mag.* 

=2nd  mag.* 

=  1st  mag.* 

Sirius  


Royal  Observa- 
tory, Green- 
wich. 


Hawkhur&t 
(Kent). 


Ibid. 

Ibid. 
Ibid  . 


Colour. 


= 1st  mag.* 


Brighter  than  a  1st 
mag.* 


= Sirius 


= 1st  mag.*., 


=2nd  mag.* 
= 1st  "mag.* 


Blue    .. 

White  .. 

White  ., 
White  .. 

White., 

White  .. 

Orange 

White  ., 
White  . 

White  . 

White  . 

White  . 
Blue    . 


-  Sirius 
= Sirius 


Brighter  than  1st  White 

mag.* 
Bright  as  Jupiter... 


Duration. 


2  seconds  ... 

0*7  second  ... 

0*8  second  ... 

07  second  .., 

0*7  second  .. 

0*7  second  .. 

1  second 


White 

Greenish  white 


Greenish  white 


Posttioa,  at 
Altitude  a*J 


Passed     from 
below  Procj 
disappeared  i 
Sirius. 

From  A  Unci 
toe 


Front  r  Costal 
neareCepee' 
From  X  Dracad 


i 


1  second  . 
I  second  . 

I  second  . 
I  second . 


0*7  second 
1  second ... 


0*6  second  .. 
I  second 


0-6  second 
0*6  second 


From  9  Urse  1 
joris    to  t 
rsmdL 

From  ADreeosJ 

Boris. 
From  H°  S. 

Tffw>«Mt    Mia 

to   I  Urse 

Joris. 
From    L 

psxdi  to  f 

siopeise. 
From   1°  S. 

Monocerotis 

i  (fl  Eridssf 

Ononis). 
From  9  Aerial 

*     (r     " 

medse,    v 

-'>•      J 

Through  the  ced 
of  the  Tm 
gle  «,  ft  7  B 
angnlL 

From  0  Hrdrcl 
l°E.ofrMca 
oerotis. 

Passed  a  far  J 
rrees  W.  of 
Hydras,  sad  1 
onwards  tows 
the  horizon. 

From  O  Casd 
psvrdi  to  1  (rC 
phei,  Polaris. 

Disappeared  tt 
Geminorum,li 
way  from  y  Ca 
crL 

From  9  to  0  Cass 

peise,and50fintfa 

Disappeared  tt 
(A,  0)  Una  Ml 
noris,  two-thin 
of  the  way  W 
/SUrsaeMajad 
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trance;  Train,  if  any, 
ud  its  Duration. 

Length  of 
Path. 

Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 

Remarks. 

Observer. 

a  fine  train  for  2  sees. 

20°  

Inclined 

Identical  with  the  pre- 
ceding. 

W.  C.  Nash. 

A.  S.  HerscheL 

Id. 
Id. 

Id. 

Id. 

Id. 

Id. 
Id. 

Id. 

Id. 

Id. 

W.  C.  Nash. 

A.  S.  Herschel. 
Id. 

Id. 
Id. 

t  streak  for  2  seconds 

istreakftyr  4 seconds 

a  streak  for  3  seconds 

,  t  streak  for  3  seconds 

t  a  streak  for  4  seconds 

* 

• 

U  itreak  for  H  tecs.- 

k  t  sfireak  for  3  seconds 

Three  other  bright  me- 
teors about  the  same 
time. 

Good  observation  

Four  other  bright  me- 
teors about  the  same 
time. 

Identical  with  the  fol- 

pendix  IV.  2.) 
Identical  with  the  pre- 
ceding. 

U  bread  bright  streak 

- 

or  5  seconds. 

ft  a  streak  for  2  seconds 

ft  s  train 

10°  ......... 

Inclined;  directed  from 
aLeonis. 

ft  a  bright  train  for  2\ 
seconds. 

tft  a  itresk  for  3  seconds 

^  a  streak  for  6  seconds ; 

kW  gradually  from  the 
**  towards  the  centre. 

68 


REPORT — 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Site. 


Colour. 


Dotation. 


PoaitfeK^v 

Aliltedg  ami 

Azimuth 


1865. 
Nor.13 


18 
13 
13 
13 
13 
13 

13 

13 
13 
13 
13 
13 
13 
13 


h    m  • 
4  16  12 


4  22  12 

a.m. 
4  30  14 

a.m. 
4  37  48 

a.m. 
4  42  22 

a.m. 

4  59  48 
a.m. 

About    5 
a.m. 

5  7  17 


5  12  12 

a.m. 
5  16  48 

a.m'. 
5  18  If 

a.  in. 
5  26  40 

a.m. 
5  39  48 

a.m. 
5  44  38 

a.m. 
5  42  p.m 


18 
13 

13 


5  42  p»m, 
5  42  p»m, 

About  5  42 
p.m. 


Streatham,  near 
London. 

Ibid 

Ibid 

Ibid , 

Ibid 

[bid 

Ibid....i 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid . 

Ibid ;., 

ibid 

Primrose  Hill, 
London. 


Market  Drayton 

Salop. 
Near  Plymouth.. 


=Sirius 


Yellow 
Yellow. 


1  second  . 


=Procyon 

As  bright  as  Jupiter  Yellow 

= Vega  Lyra White 

Ai  bright  as  Jupiter  Yellow 

As  bright  as  Venus  Pale  yellow . 

Apparent   size    ofl  White 
ihenu 


nt   size 
5  moon. 


4  seconds.. 
2  seconds., 


=§»  apparent  di 
atneter  of  the 
moon. 

Apparent    size   of 
the  moon. 

As  bright  as  Venus 


Blue4 


Reddish  purple 


=Sirius 
=3iriuB 


Purplish    yel- 
low [?]. 
Orange  colour 


Nearly  as  bright  as 

Venus. 
=Sirins  


Yellow    ... 
Golden  yellow 
Bluish  white. 


Prom  3rd  mag.«  to  White 
=3x  ?  at  max- 
imum* 


2*5  seconds... 


Taunton 


Very  bright    . 
A  fine  meteor . 

Large  meteor . 


White 


Pale  green 


Moved  slowly, 
especially  to- 
wards the  close 
A  few  seconds 


13 


5  45  p»m, 


Boulogne    liar-  Brilliant  meteor ...' 
bour. 


Slow  and  dig. 
nificd  motion. 


From  114s +1 

to     102  +  a 

From  1373  +  | 
to       126-4 

From  116* +fl 
to  98+1 

Prom  150°  +  1 
to  147  1 
From  185°  +  jj 
to       192    +  J 

From  100°  +  fl 
to  150+3 
From  187° -I-  sf 
to       160    +  «[ 

From  153°  +  * 
to       175     -r» 

From  156°  +21 

to      167   +  s 

From  124°  +  |j 

to       118    +« 

From  196°  +  Si 

to      205    +«| 

From  150°  +  K 

to       159    +31 

From  114°  +11 

to       1O0    _  a 

From  120°  +21 

to        100    + 

From      below 

Draconis,    pa 

ing    betwee . 

Lyrse  and  y  Da 

conis,  and  on  a 

wards     B   Ha 

culis. 

FromE.toW.,4<r> 

bo  vetoes. 

From      E.N.E. 

S.W. 

Commenced  at  i 
altitude    of  i 
or    50*    ia    1 
E.v  passed  is 
slightly  nonaa 
direction     ©t*i 
head,  end  daai 
peered  in  tbe  * 
at  the  same  ab 
tude. 

Crossed  the  mmi 
of  the  hark 
in  a  westerly  ; 
rection  at  an  te 
▼ation  of  ZQr  c 
35°. 
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mnee;  Train,  if  any, 
id  its  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remark!. 


Observer. 


train  7°  in  length.. 


traia  3°  in  length.. 


tram  for  tome  se- 
ll 10°  in  length. 
)  train 


bright  and  lasting 
1 10'  in  length. 
)  train  


a   broad   train   all 

ig   ita   conn*    )|° 

t 

a   train  upon    its 

m>   course  for  one 


train  for  half  a  mi 


s  train  for  seTeral 

>nds. 

I  train  for  4  seconds 

in  length. 

i  train  for  2  seconds 

io  length. 

i  train  for  3  seconds* 

t  bright  but  cranes- 
it  train. 

t    sparkling    train; 
lured!  second. 


"Siae  of  a  large  pear" 


"  Site  of  an  orange  "  .. 


Nearly50° 


Inclined  downwards  ... 


ninons  streak ;  burst . 

e  a  rocket. 

t  twice;  disappeared  50° 

ddtnlv. 


«*d  much  larger' 
Knrertical,  than  pre- 
>«)?  or  subsequently,! 
Rounded  by  a  pale! 
wn  halo,  which  at  one; 
°BKat  bad  a  faintly! 
•*SW  appearance. 


Horizontal 


Globular;   threw  off 
number  of  sparks. 


Seen  also  at  Oswestry. 


Cloudy  and  dark;   few 
stars  could  be  seen. 


S.  B.  KinCatd. 

Id. 
(d. 
fd. 
Id. 
M. 
Id. 

Id. 

Id. 
Id. 
Id. 
Id. 
Id. 
Id. 
T.  Grmnplen. 


Communicated 
by  T.  Crumplen 
Id. 


W.  M.  Kelly. 


rtuttioM  tinged  with 
id. 


Nearly  horizontal 


Commnicated 
by  T.  Grampian. 
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BEPORT — 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  or 
Altitude 

Azimuth. 


1865. 
Nov.13 


13 


13 


13 


h  m    t 
Shortly  be- 
fore 6  p.m, 

A  few  mi- 
nutes be- 
fore 6p.m. 

About    6 
p.m. 


9  to  12  p.m. 


Farnworth,  near 
Bolton,  Man- 
chester. 

Sandbachf  Che- 
shire. 


Manchester . 


Large  meteor 
Large  meteor 

Large  meteor  , 


White,     then 
red. 


Not  very  rapid 
motion. 


Weston  -  super 
Mare. 


13 


13 


9  53  p.m 


10  44  p.m. 


Hawkhurst 
(Kent). 


Bright  as  Venus . 


White 


Wisbeach.. 


=Sirins 


Ruddy . 


Moderate 
speed. 

5  seconds    .. 


13  About  10  50 
p.m. 


13 


13 


10  50  p.m 
10  50  p.m 


13  10  55  p.m 


13 
13 

13 

13 
13 

13 


11  17  15 

p.m. 
11  26  30 

p.m. 

11  35  15 

p.m. 
11  44  p.m. 
11  47  15 

p.m. 
11  50  p.m. 


Haverstock  H01, 
London. 

Islington  Green, 
London. 


Great  Yarmouth 


Cambridge 

Hawkhurst 

(Kent). 
Ibid 

Ibid 

Ibid 

Ibid 

Ibid 


Large  meteor  ..... 
=3  or  4  times  ? . 


=3X  ? 


Very  bright . 
Very  bright . 


Large  and  brilliant 


Red,  green, 
and  yellow. 


=3rd  mag.* 
=2nd  mag.* 

=2nd  mag.* 

=3rd  mag.* 
=2nd  mag.* 

=lst  mag.* 


Yellow 
White. 

Yellow. 

Yellow 
Yellow 

Yellow 


0*5  second  .. 
275  seconds . 

0-8  second  .. 

0*4  second  .. 
0-4  second  .. 


2  seconds... 


From  S.  to 
high  up  i 
the  horizon. 

Commenced  ! 
op,  due  R, 
disappeared 
S. 


>••••••••■< 


- 


Disappeared    at  4 
Urate  Majorh. 


From  near  P  Gen 
nornm  tbroq 
Cancer  to  t 
horizon. 

Its  path  commeaa 
in  or  a  little  1 
of  Orion. 

From  E.  to  If! 
passing;  thraol 
the  square  s 
Ursa  Major. 

From  E.  to  WJ 
path  of  35%  * 
centre  passiq 
just  below  < 
Ursse  alajoris. 

From     about    tl 
middle     of    d 
square      of    ih 
Great  Bear  t<> 
CygnL 

From  r  to  v  Tacri 


AurtfS 
»    Tils 


From     v 

passed 

to  v  Pisciam 
Disappeared  at  Pn 

cyon. 
From  o  to  9  Oriov 
From  12  Lyncs  t 

L  CamelopanL 
Appeared  at  £  Da 

conia. 
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raoce ;  Train,  if  any, 
id  its  Duration. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


sed  the  heavens  like 
ordinary    shooting 


Horizontal;  B.toW.. 


Perfectly      horizontal 
parallel  with  the  plane 
of  the  horizon. 


out  rather  stronger 
at  the  middle  of  its 
rse,and  then  seemed 
row  smaller. 


I  streak  for  2  seconds 


15° 


iky  partially  clear.  No 
meteors  seen  from 
12hto  lh  on  the  14th, 
occasionally  clear  in 
the  E.  and  N.;  two  me- 
teors were  recorded 
FromlM5»to4h30m 
a.m.,  the  sky  was  com- 
pletely overcast,  and 
observations  were 
then  discontinued. 


Examiner    and 
Times.' 

Lewis  Evans. 


Communicated 
by  R.  P.  Greg. 

W.H.Wood. 


Perpendicular.. 


behind  H  a  very  bril 
st   yellowish  -  white 
si  of  light, 
skrog  streak;  threw 

sparks. 


20°  or  30°. 


Nearly  horizontal ;  E.to 
W. 


fly  like  a  large  rocket 


35° 


Horizontal 


Horizontal 


Like  a  rocket 


like  a  rocket 


nin  or  sparks  . 


i  on  whole  course  Jbr50° 

seconds. 


*  streak  for  2  seconds 
traio  or  tparks ... 


6\, 


Directed  from  ji  Lynds. 

Directed  from  X  Unas 
Majoris. 


1&« 


Directed  from  X  Persei.. 


T.  Humphrey. 


S.  II.  Miller. 


J.W.,  'Morning 
Herald/ 

Communicated 
by  T.  Crumplen. 


id. 


Id. 


A.  S.  Herschel  & 
H.T.Humphreys. 
Id* 


Id. 

Id. 
Id. 

id. 
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EKPOET— 1866, 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  8iae. 


Colour. 


Duration. 


Position,  01 
Altitude  ad 


1865 
Not.13 

13 


h  m    1 

11  53  10 

p.m. 

11  54  30 

p.m. 

12  0  40 
a.m. 

12    3  10 
a.m. 

12  5  a.m. 
12  13  a.m. 
12  14  turn. 


12  24  30 

a.m. 
12  30  40 

a.m. 
12  33  40 

a.m. 
12  34  30 


Hawkhunt 

(Kent). 
Ibid 


White 1  second ., 

White  1*5  second 


r 


Ibid. 
Ibid. 


We»ton  •  super  • 
Mare. 

Ilawlthtirst 
(Kent). 

Weston  -  soper 
Hare. 

Hawkhunt 

(Kent). 
Ibid 


14 

14 

14 
14 
14 
14 
14 
14 
14 
14 

14 


12  36  am 

12  37  50 

a.m. 

12  39  a.m 

12  42  20 

a.m. 
12  44  a.m. 

12  48  50 

a.m. 
18  49  30 

a.m. 
12  52  20 

a.tn. 
1    0  a.m 

4  34    a 

a.m. 

4  34  15 


=2nd  mag.* 
= 2nd  mag.* 

=3rd  mag.* 
=  1st  mag.* 

=4th  mag.« 

= 1st  mag.* 

=lst  mag.* 

=2nd  mag.* 

Bright  as  Jupiter...' White 'l  second  . 


White  ., 
White  .. 

Dark    .. 

White  .. 

Orange.. 


0-5  second 
1*3  second 

1*5  second 

1*4  second 

1*5  second' 


I 
Orange  yellow  1  second 


Ibid. 
Ibid. 


Wisbeach., 


Hawkhurst 
(Kent). 

Ibid 

Ibid 

Ibid 

Ibid 


2nd  mag.* 
4  x  Venus    ... 


=3rd  mag.* 


= 1st  mag.*., 


Yellow     ... 
Emerald  green 


1  second  .. 

2  seconds.. 


Yellow 


White 


=Sirius  Yellow 

As  bright  as  Jupiter  Orange  yellow 

=3rd  mag.*    White 

White 

Greenish  white 
As  bright  as  Jupiter  White 


Rapid 


Brighter  than  a  1st 
I    mag.* 
Ibid J  As  bright  as  Jupiter 

ibid 

Ibid 


Brighter  than  a  1st 
mag.* 
Streatham,  near|=Regulus 
London. 

Ibid =Altair 


Orange  yellow 

Yellowish 
white. 


Yellow 


1*2  second 

1*4  second 
1  second  ... 
0*5  second 
1*3  second 
1*4  second 
1*3  second 
1*5  second 


From  B  to  7I 
Prom  X  tori 


Across  Polaris  « 

From  1°  S.oll 
XTavarL 


Trom  127c  + 1 
|to'    112    - 
From  1°  shovel 

cyon  to  l9tl 

d  MoDocero* 
«=         < 
Prom  123°  + 
to      104    -f 
From  £  Triasj 

toe  Muscae* 
Appeared      at 

Ursae  Major! 
From  y  Triaaj 

to/SAndrons 
Disappeared  4 

p.  0Leonia.; 


From  nesr  j»  Ls| 
Majoris,  bets) 
v,  d  Leosisl 


From  #  Unas  I 

joria  to  \  i'cf 

Camelopardu 
From  k  Lyncis  I 

Leonis  Miood 
Appeared  at  7  I 

onia. 
From  i  (e,  £i  f 

onia  to  /3  Sndl 
From  e  Cephel 

9  Honoram.  A 
From   •  UrsvM 

joristoyCenj 
From  Z  Geminoq 

to  yt  Orioiu*. 
First  appcaml 
Draconic. 
«=  1 
From  142°  +3 
to  146  + 
From  124°  + 
to        98+1 
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truce;  Train,  if  any, 
ad  to  Duration. 

Length  of 
Path. 

Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 

Remarks. 

Observer. 

i  streak  for  ?  seconds 

* 

A.  S.  Henchel  & 
H.TJIumphreys. 
Id. 

Id. 
Id. 

W.  H.  Wood. 

A.  S.  Henchel  & 
H.T.Humphreys. 

W.  H.  Wood. 

A.  S.  Hencbel  & 
H.T.Humphreys. 
Id. 

Id. 

Id. 

S.  H.  Miller. 

A.  S.  Henchel  & 
H.  T.  Hum- 
phreys. 

Id. 

Id. 
Id. 
id. 
Id. 
Id. 
Id. 
S.  B.  Kineaid. 

Id. 

i  streak  for  2'second*, 

ich  appeared  to   be 
ided  longitudinally. 

15°  

E.  to  W. 

ittretk  for  3  seconds, 

Very  good  obsenration.. 

ich  faded    from  the 
u  towards  the  centre. 

.. 

a  broad  yellow  streak 
1%  seconds. 

r  gradually  less ;  left 
t  streak. 

5° 

Directed  from  *  Leonis. 

t  gradually  less ;  left 

Main. 

bed  a  strong  fight  in 

*  sky  like  lightning; 

nak  red;  duration  2 

Mods, 

6°        ... 

Directed  from  g  Leonis.. 

15°  

1 1  tfreak  for  2  a^rnnds 

too  or  sparks ;  grew 

nwtaaUyless. 

Good  observation   

ZT 

Directed  from  I  Leonis 

i 

Exact  observation  

ft  t  broad  my  bright 
^  for  d?e  seconds. 
*  t  streak  for  3  seconds 

L. 

"wtrna  ...    ., 

10°  

Directed  from  0  Auriga; 

o  as  tub  .,..„ 
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REPORT — 1866. 


Date. 


Hoar. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position, « 
Altitodesn 

Azimuth. 


1865 
Nov.14 


h  m 

5  30  a.m. 
until  sun- 
rise. 


Weston  -  super 
Mare. 


15 


8  38  + 
p.m. 


Greenwich  Park 


=2nd  mag.* 


Bluish  white... 


1  second  , 


15 

15 

17 
17 


8  54  p.m, 


About  10  40 
p.m. 


7  47  p.m 

8  30  p.m 


18 


18 


18 


18 


About  4  30 
p.m. 

4  30  p.m. 

5  20  p.m. 

6  4  30 


West     Hendon, 
Sunderland. 


Wimbledon 
(Surrey). 


Primrose  Hill 
(London). 

Greenwich  .... 

Wimbledon 
(Surrey). 

Cambridge  .... 

Royston  

Blackheath  .... 


=3rd  mag.* 


Nearly  =  Sirius ... 


Bluish  white.. 


=2nd  mag.*  - 
= 1st  mag.* 


White 

Bluish  white. 


3  seconds    ... 

0*5  second  ... 
Less  than  1  sec 


Prom  a  points! 
3°  above  0 
rigs,  tt 
peareda&tt 
the  S.  of  9 
rig*. 


Vanished  2°  a 
below  and  to 
left  of +  Agt 


Passed 
above 
Course 


PA 


Nearly  as  bright  as 
Jupiter. 


.=  2 
From  152°  +5 
to  337  +  * 
Prom  9  Volpcfl 

to  2\*  bebf 

Aquihe. 
Passed    sow 

Aquariirroot 

direction  of 

EquuleL 


Passed    some«t 
below  Polaris.1 


A  brilliant  meteor. 


A  conspicuous  ; 
teor. 


Yellowish 
white. 


=3rd  mag.* 


White 


2*5  seconds  ...  In  thewesteni 
tion  of  the  m 
▼ens. 

2  seconds  ...  From  a  little  V. 
*  to  2,'  W 
y  Urse  * 
joris. 

1  second Fell  vertically  p 

k  Dracoaii  > 
wards  ifr  lfl 
Majoris. 
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mice;  Train,  if  any, 
ad  its  Duration. 


Length  of 
Path. 


0  train 


4  conspicuous  train 
pfcwphoreaccnt  light. 


i  uiia  oa  its  whole 


no  train 


toteor  divided  near 
tend  of  Us  coarse  into 
•Wgbt  objects,  one 
fe»ing  the  other. 
*tain  of  light  of  a 
te  gr«en  colour. 


i**cket  with  a  short 


south 


m? 


Direction ;  noting  also 

whether  Horizontal, 

"Perpendicular/  or 

Inclined. 


Remarks. 


Curved 


Orange-coloured  shoot 
ing-stars  =  1st  and 
2nd  mag.  stars ;  some 
brighter.  Pell  verti- 
cally from  an  altitude 
of  about  25°,  N.  or 
N.W.,  at  the  rate  of 
twelve  per  hour.  Sky 
clear ;  radiant  /*  Le 
onis. 


Observer. 


FromE.N.B.toW.S.W, 


Inclined  a  little  down* 
wards  to  the  right. 

Inclined  at  an  angle  of 
45°. 


/ 


Communicated 
by  W.H.Wood 


Thomas  Wright. 


.-rTTW.  Backhouse, 


F.C.Penrose. 


Horizontal 


Perpendicular . 


T.  Crumplen. 
W.  C.  Nash. 


Communicated 
by  F.  C.  Penrose. 


Very  luminous ;  seen  in  Communicated 


strongtwilight.  This  ob- 
server saw  the  meteor  of 
Nov.  13th,  5M2mp.m. 


Centre  of  track  opposite 
k  Draconis. 


by  T.  Crumplen. 


Id. 


Thomas  Wright. 
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REPORT 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Siae. 


Colour. 


Duration. 


Position,  < 
Altitude  ■ 


1865.    h  m    s     i 
Nov.18   6  14  30     Blackheath  . 

p.m. 


18   6  59  30+ 
p.m. 

18   9  23  p.m. 


18   9  45  + 
1    p.m. 

! 

18   9  45  + 

;    p.m. 
21  Evening  . 

I 


■3rd  mag.« 


Ibid 

Greenwich 


Granchester 
(Cambridge). 


Ibid. 


Fincbley,      near 
London. 


21   6    0  p.m.;Oundle  (Notts)... 


21 


21 


6    0  p.m 


=2ndmag.#  .... 
—2nd  mag.*  .... 
A  bright  meteor. 

A  bright  meteor., 


Three  times  larger 
and  brighter  than 
Venus  at  its 
brightest. 

Unusually  brilliant 
meteor. 


White  . 

Bluish  , 
Blue     . 


3  seconds 


3  seconds 


Passed  midw 
In cen  ft  j 
Lyre  towi 
Draconis. 

From  y  Cvgsi 
point  oa 
Cygni. 

From  the  <5t< 
of  Capefii 
ward* -Or 

Course  paial 
and   jast  I 

A   r  I'm 

joris. 
Near  «  Urs* 

joris. 
Passed       <k 

OTerhead. 


About  4  sees...  From   {-  be 

CetitoJM 
8  Aquiiri; 
mendng  to 
east  of  i 
and  disapp* 


Wisbeach  (Cam- 
bridgeshire). 


Twice  the  apparent 
sixe  of  Jupiter. 


Meteor   blue; 
tail  white. 


I  j 

6    0  p.m.  Norwich  Very  large  meteor. 


21,  A  few  mi-  Harpenden,  St 
nutespast  Albans  (Herts). 
6  o'clock. ! 


21  A  few  mi- Near  Liverpool ; 
!  nutes  after  Lat  N.  53°  24'< 
i  6  p.m. 


f*arge  meteor  . 


Co'oors  vivid; 
changing. 


At  least  2  or  3 
seconds. 


39",  Long.  W. 
93  so'  *n" 


2°  59'  30". 


21,  6    5  p.m.New     Brighton,  Large  and  bright., 
!  Liverpool.       j    . 


Moved  slowly. 


below  I  C 
corni. 
Appeared  whs 
of  the  Pk 
C?if*Aa5l 
andraonda 
theskyfollr 


Started  nor 
zenith,  ia4 
appeared  S.Y 


First  append  | 
at  alrirodeat 
68*.  A 
peared  ca  | 
southern  * 
dian.  , 

The  meteor  ' 
fint  sees  ^ 
altitude  sM 
25°  cr*»-.| 
went  out  it  I 
same  a'W". 
S  W. 

Like  a  Ron* 
die  ball 
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trance;  Train,  if  any, 
ind  its  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remark*, 


Observer. 


i  faint  train.. 


10° 


Inclined 


i  faint  train 1&° 


i  flint  train., 
no  train  


»h. 


wed  by  a  tail  tome  6' 
8°  long,  bat  did  not 

wt. 


upe  like  a  blunt  apear-|30° 
»d,  drawing  a  tail  of 
bite  fight,  and  sparks 
hind  it. 


20° 
10° 


Inclined 


Inclined 


No  path 


ill  of  intensely  brilliant 
rbt,  letting  behind  it 
W.IIiant  arch  or  bow 
lisht. 

r  trodaally  increasing 
•imling  brightness, 
suddenly  changed  to 

<  red  glow  of  dull  ig- 

twn,  and  finally  disap- 

fared. 


About  30°.. 


Slightly  inclined   from 
perpendicular. 


N.E.  to  S.W. 


Cloudy  and  rain  falling ; 
stars  invisible ;  the 
meteor  was  above 
the  clouds  and  shone 
through  them. 

Approximate  position 
taken  the  following 
evening. 


Inclined  15°  from  hori- 
zontal. 


Descending  in  S.W. 


B.  to  W. 


fcred  only  from  a  fire 
"■*  >n  its  ptrpendico-j 
frfall. 


Thomas  Wright. 


Id. 


Thomas  Wright; 
Arthur  Harding. 

W.H.Hudson. 


Id. 

J.  H.  Heal. 


Communicated 
by  Hugh 
Weightman. 


The   'Times/ 
Nov.  24th. 


Norwich    «Mer 
cury.' 


Sky  calm  and  clear. 
The  meteor  cast  a 
shadow  of  the  ob- 
server on  the  ground. 


The  '  Times,' 
Robert  Lynn. 


Mathcw  M. 
Brown. 


H.  Bower. 


v2 
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REPORT 1866. 

! 

Date. 

Hour. 

Place  of 
Observation. 

Apparent  Size. 

Colour. 

Duration. 

Position,  osj 
Altitude  v£l 

Azimuth,  f 

1865. 

h  m    s 

| 

Nov.2] 

6    5  p.m 

Near     Cranford 

Three     times     as 

Brilliant  bluish 

Slow     speed;  First    appeared 

(Middlesex) ;' 

bright  as  Venus 

white ;    tail 

duration           an     altitod* 

N.  lat.  51°  29' 

at  its  brightest. 

reddish. 

about  10  se-      40°     above 

40",  W.  long. 

conds.          I     eastern    bd 

0m  21". 

'     Passed  to  0 

|     of,     and     H 

,     thsTn     the    < 

stellation  Cat 

peia,  almon1 

tically  oyer! 

and    disappfl 

* 

about  25=  si 
the  borizoa  i 

w. 

21 

6    5  p.m. 

Nottingham  Park 
(Nottingham). 

Large  meteor  •»■••. 

21 

6    5  p.m. 

Near  Bedford  ... 

Large  fireball  ...... 

Appeared     ia 
K.N.E.  or  E, 

disappeared  I 

21 

6    5  p.m. 

Weston  -  super  - 
Mare. 

Very  large  ......... 

Brilliant  blue.. 

Appeared  at  aal 
tilde  of  aboil* 

or  40°  in  thf 

and    disappa 

N.E. 

21 

6    5  or 

Oxford     

Larger  and  brighter 

Blue    

In  the  S.,  not  ib* 

6    6  p.m. 

than  Venus  ap- 
pears. 

degrees  alwetj 
horizon. 

21 

6    6  p.m. 

Northolt 
(Harrow). 

Large  meteor 

Traversed  the  s) 

and   disappear 

on    tbe    bona 

due  W. 

21 

6    8  30 

Colebyfield, 

6'  of  arc  in  width ; 

White      or 

Speed  15°  per  From  an  altitude  | 

p.m. 

Wimbledon 

&  diameter  of  the 

greenish, 

second. 

76°    5',   al.ri 

(Surrey). 

moon. 

shading  into 
blue.       No 
change     of 
colour    du- 
ring its  ap- 
pearance. 

northward  of  ti 
zenith,  toaH 
in  R.  A.  lS'fl 
N.    DecL    II 

about  8°  K* 
m      Lyrze.     1 
positions      si 
sured      with 
equatorial    ti 
scope  soon  si 
disappearance. 

21    6    9  p.m. 

Shoeburyness 

Very  large  meteor.. 

About  7  sees... 

Appeared  in  tbri 

(Essex). 

nith,  and  pm 
at  an  altitude 
70°  behind  tsl 
band   of  eksJ 
reappearing  i 
mediately,     I 
disappeared 
an  altitude  of) 
behind    a  del 
pack  of  clouds. 
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arance;  Train,  if  any,  Length  of 
and  its  Duration.  Path. 


a  Roman-candle  ball, 
lowed  by  a  tail  from 
*  to  3°  in  length.' 
te  throwing  off  of  the 
liter  forming  the  tail 
old  be  distinguished, 
^appeared  without 
nting. 


eoted  the  aame  ap- 
Etraoce  as  at  Cranford. 


twlar. 


i  i  train  8°  in  length... 


30° 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


E.toW. 


Very  brilliant . 


Inclined  downwards  to- 
wards the  left  from 
perpendicular. 


appeared    almost    in-  Almost  sta- 
tartly.  thtnary. 


e  i  hall  of  Are 


ir-shaped,  surrounded 
^  as  edge  of  purplish 
iglit,  and  by  a  halo 
earned  by  thin  cloud, 
thich  hid  the  tail.  Dis- 
appeared suddenly  with- 
out any  previous  losa  of 
light 


vailed  a  comet,  being 
Mowed  by  a  train. 


/ 


Due  E.  to  W. 


o — 


S.  to  N.,  with  a  tendency 
toW. 


Remarks. 


Sky  hazy,  and  principal 
stars,  with  the  excep- 
tion of  those  of  Cas 
dopcia,  obscured.  No 
noise  accompanied  or 
followed  its  appear- 
ance. 


Very  rough  positions , 


Light  of  meteor  very 
startling;  lightning  at 
S  p.m. 

Cast  a  light  as  bright, 
but  colder  in  colour 
than  moonlight.  A 
loud  report  like  that 
of  a  cannon  some 
miles  off  was  heard 
about  2B  20"  after 
the  meteor  disap- 
peared. 


Observer. 


WarrenDelaRuc. 


R.  A.  Tucker. 


Communicated 
by  T.  Crumplen. 

Communicated 
byW.lI.Wood. 


S.  S.  Burnet. 
T.  H.  Gordon. 

F.  C.  Penrose. 


The  'Tiroes/ 
Not.  24th. 
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RETORT 1866. 


Date. 


1865. 
Nov.21 


21 
21 

21 

21 

21 
21 


Hoar. 


h  m    • 
6    9  p.m. 


6  10  p.m 


Place  of 
Observation. 


Danbury       Hill 
(Essex). 


Copse  Hill, 
Wimbledon. 


Apparent  diameter  Bright  yellow 


About  6  15  Observatory, 
p.m.  Cambridge. 


About  6  15 
p.m. 


7  11  45 
p.m. 


8  48  p.m. 


Hawkhnrst 
(Kent). 


Greenwich 


Weston  •  super 
Mare. 


10     1   p.m.  Blackheath 
(Kent). 


22   7  17  p.m.  Weston  -  super 
Mare. 


2211  11  15 

I     p.m. 
21    G  39  p.m, 


21    6  45   p.m 
21    8  20  p.m. 


24 


8  37   p.m, 


Apparent  Size. 


Colour. 


Duration. 


Position,  cr 

Altitude  iri  \ 

AzimulL 


At  least  twice   as 

bright    as     any 

planet. 
Two  or  three  times 

brighter       than 

Venus. 


diameter  of  full 
moon. 


=  1st  mag.*., 


«- 4th  mag.* 
=  2nd  mag.* 

=  1st  mag.* 


Yellower  than 
Venus. 

Flame- 
coloured. 


White,      with 
red  tail. 


Blue 


Dark-coloured 


Bluish  while . 


From  v  ithic  2S*I 
the  zenith;  4 
scended     is  i 

south  -  v«aa| 

directiou;  &a| 
pearing  betas* 
black  clo&Jsi 
the  W.  fcorizas 

H 


Duration  not  Prom  /3  Aqjj 
less  than  4l  across  I  £qm 
or  5  sees.  to  0  Aqaibe.    ; 


Very  short  du- 
ration. 


2  seconds.. 


0-5  second 


Yellow. 


=  2nd  mag.*  'Blue 


T 


=2nd  mag.* 


Blue 


Greenwich  

Lady  well,  Lewis-  =  3rd  mag.*   \  Bluish  white.. 

ham. 

Ibid 

Ibid 

Greenwich 


Twice  as  bright  as  Yellow . 
Venus. 


=  3rd  mag.* 


Blue     1  second 


1  second .. 

2  seconds 

1  second 
\  second  .. 

1  second  .. 
4  seconds.. 


From     an    alti* 

of  55°,  betw 

magnetic  and  i 

■N. ;  shot  dm 

wards      to** 

the  W.N.W.  i 

rizon. 

Passed  berwea 

and   €   Deijsi 

and   disappear 

a  little  been 

Aquilse. 

I  •=         i- 

I  Prom    39D  +  tf 

j  to  28        2% 

'Appeared    near  I 

j     passed  by  i,  U 

disappeared 

little     abort  I 

Ononis. 

JFrom  210c  +  fC| 
to        228 

From  r  towink 
Cygni. 

From  the  direcu 
of  t  Here  '• 
disappeared  m 
Y  Draconi*. 

Disappeared  a  14 
below  &  Aard 

From  the  did 
tion  of  u  Ljsd 
passed  aero* 
L'rwe  Mijw 
andafewdegn 
beyond. 

From  the  direea 
of  the  Pleiadi 
towards  £  Tia 
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uranee ;  Train,  if  any, '  Length  of 
tad  its  Duration.  Path. 


H  of  fire,  followed  by! 
»]  of  the  same  width 
:  in  length.  Thebxhj 
itfct  yellow;  the  tai'ii 
kb,  bine,  and  dustv* 
Sow. 


a  track  behind  it  after 
t  Mdeus  disappeared. 

«d  by  a  long 
Awing  tail.  Re- 
tad  invisible  be- 
■d  i  dond  whilst 
w  5  seconds  were 
uHtnd  then  re- 
&**&  again. 
iUare,  followed  by 
kg  tad. 


ti&int  train.. 


loo  train 


Strain  10°  in  length. 
w  neteor  Increased 
no  a  3rd  to  a  1st 
»pitnde  itar. 
*kotnin 


fcsotrtis 


At  train 
ft  ft  train 


*ft  not 


10° 


10° 
6° 

10° 
30° 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Inclined 


E.  to  W.,  perpendicu- 
larly down. 


Cast  a  glaring  light;  the 
streak  remained  visi- 
ble a  few  seconds  after 
the  meteor  had  disap- 
peared. Air  very 
clear,  and  the  stars 
very  bright. 

Cast  a  light  on  the 
road  like  the  flash  of 
carriage  lamps. 

The  light  was  sufficient 
to  have  read  a  watch. 


Nearly  perpendicular . 


Inclined 
Inclined 


Inclined ;  directed  from 

e  Persei. 
Inclined  


Inclined 


Remarks. 


The  *  Standard/ 
Nov.  23rd. 


J.  Ludlow. 
H.  Todd. 


Seen  through  a  break 
in  the  clouda ;  shortly 
followed  by  a  hail- 
storm. Light  suffi- 
cient to  pick  up  a  pin. 


Descended  with  a  wa- 
ving motion. 


Observer. 


Communicated 
byA.S.Herschel. 


Thomas  Wright. 

W.  H.  Wood. 
Thomas  Wright. 

W.  II.  Wood. 

Arthur  Harding. 
F.  Trapaud. 

Id. 
Id. 

Arthur  Harding. 


I 
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BEPORT — 1866, 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,* 
Altitude  a 

Azimuth. 


18G5. 
Nov.24 


h  m    s 

9    9  42 

p.m. 


24   9  13  or 
9  14  p.m. 


26 
26 

27 
28 
28 

28 

28 

28 

Dec.  2 


7  25  p.m 

8  30  p.m. 


4  40  a.m. 
3  7  a.m 
3  25  a.m. 


Observatory, 
Cambridge. 

Cheltenham 


West  Hendon, 

Sunderland. 

Lewisham    .... 


Large  meteor 


Weston  -  super 
Mare. 

Cromer(Norfolk) 

Ibid 


3  29  a.m.  Ibid 


2nd  or  3rd  mtg.  at 
first;  before  reach- 
ing head  of  Orion 
broke  out  to  size 
of  Jupiter,  but 
speedily  extin- 
guished. 

=  1st  mag. #    , 


?  1st  mag.* 


Orange  colour 
Yellow     ... 


= 1st  mag.*    

As  bright  as  Venus. 
*  3rd  mag.*   


Yellow 


White,     then 

yellow. 
White  


1  second 


= 3rd  mag.* 


3  35  a.m.  Ibid =3rdmag.# 


4  13   A.m.  Ibid 


9  47  30 
p.m. 


=  2nd  mag.* 


Royal    Observa-  =  1st  mag.* 
tory,     Green-, 
wich. 


Evening  ..JBlaenafon, 

Pontypool. 


I 


Large     and     very 
bright. 


7  30  p.m.  Vannes  (France)  Size,   of    the   full 
moon. 


810  55  p.m.  Hawkliurst 
(Kent). 


8 10  55  30 
p.m. 


ibid. 


= 3rd  mag.  # 
=  2nd  mag.* 


White 


Yellow 


Yellow,     then 
orange-red. 


Bright  blue.. 


Crimson-red  at 
the  last. 


Head  and  train 
bluish  white 
sparks  red. 


0*5  second 
1*5  second 
0*5  second  , 

0-6  second  , 

0*5  second  , 

2-2  seconds . 


1  second  ... 


Slow  speed  , 


Yellow... 

Red  and  white  0*8  second 


Crossed  the  & 

I   dian  at  an  att 

1  of  about  23- 

Began    somei 

between  « » 

Tauri;       i 

peared  in  be 

Orion,  or  pe 

between  «s 

Ononis. 

Passed  2  Ilexa 

From  a  point  i 
way  betwtn 
peUa  and  jJ 
rigse  to  a  poi 
little  below 
Pleiades. 

From  X  to  rr, 
onis. 

From  0  Dracos 
f  Herculi*. 

From  54  U 
Minoris  to 
Leonis,  an  J 
beyond. 

From  y  Uric 
noris  to  $  1 
co&is ;  5°  be 
and  after. 

From  6  to  a  Ca 
Venaricorura, 
onwards  a» 
again. 

From   i  (Pnx? 
at    Monocor 
to     *    (B, 
Hydnc. 

From  the  direct! 

of  m  Ca«»iop< 
towards    i;  I 

From  altin 

about  40=,  N. 
to  a  some»l 
less  sltid 
N.W. 

From  «  Andrei 
to  i  Arieti* 


1*1  second  ...From  v  to  XQ 

norum. 

From  Polaris  I 

Draconi*. 
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cannce;  Train,  if  any, 
ad  its  Duration. 


isg  like 
MdlebaU. 


a  Roman- 


tike  train . 


i  a  ttreak     8° 
agtb.  I 

War,  m  train  orsptrksv 
pfradttaUyless.  I 
ka  faint  train  for  i  a 
and 

•i  bright  streak  for  2\ 
•tools  which  faded 
no  tie  ends  towards 
*e  centre. 

kafoautxtakfor  in 
won! 


»tnin  or  sparks ;  grew 
padoaQylesa. 


Length  of 
Path. 


30° 


Bh  train 


.25° 


■«  np  into  numerous 
sail  fragments. 


te*  or  elongated,  with1, 
"fjlwainous  envelope 
**  to*;  broke  into  a1 
■^sofjpaika. 

*&  co  train  „t 

*°  tris  or  sparks 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Nearly  horizontal,  per- 
haps slightly  down- 
wards; R.  toW. 

Inclined  a  little  to  left 
of  vertical. 


Vertically  down . 
Inclined 


Inclined 


W.  to  E. 


Observed  between  shut- 
ters whilst  waiting 
for  a  transit. 

Oblique  vision;  details 
only  approximate. 


Remarks. 


In  one  hour,  ten  me- 
teors  seen.  Clear  sky ; 
no  moon;  one  ob 
server. 
At  10h  13"  and  10*  17m 
a.m.f  very  bright  mock 
suns  ;  the  first  on  the 
left,  the  second  on  the 
right  of  the  sun. 


Of  the  same  size  and  ap- 
pearance as  that  of 
the  14th  November. 


3m  30*  afterwards  a 
report  was  heard 
which  shook  the 
houses.  (See  Ap 
pendix  II.) 

At  llh6m  the  sky  be 
came  overcast. 

Four  meteors  in  fifteen 
minutes  ;  sky  clear ; 
no  moon  ;  one  ob- 
server. 


Observer. 


A.  Graham. 
T.  W.  Webb. 


T.W.  Backhouse. 
F.  Trapaud. 


\V.  II.  Wood. 
A.  S.  Herschel. 
Id. 

Id. 

Id. 

Id. 

Arthur  Harding. 
J.  J.  Jones. 


Comte  de  Limen, 
and   M.  Gar- 

nache. 


A.  S.  Herschel. 
Id. 
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REPORT 186G. 


Date. 


1865. 
Dec.  8 


Hour. 


h  m    s 
11    4  p.m. 


Place  of 
Observation. 


9 

8  5  p.m. 

9 

8  30  p.m. 
(local  time.) 

11 

6  4  57 
p.m. 

11 

6  17  36 
p.m. 

11 

6  20  42 
p.m. 

11 

6  25  49 
p.m. 

11 

6  28  2 
p.m. 

11 

7  0  15 
p.m. 

11 

7  4  58 
p.m. 

(lawkhurst 
(Kent). 


West  Hendon 
(Sunderland). 


Charleston,  U.  S. 


lloyal  Observa- 
tory, Green 
wieh. 


Ibid. 


Ibid. 


Ibid. 


Ibid. 


Ibid. 


Ibid. 


Apparent  Size. 


=3rd  mag.* 


=2nd  mag.* 


=Aldebaran 


—2nd  mag.* 


=  Ut  mag.* 


Twice  as  bright  at 
Jupiter. 


Twice  at  bright  as 
Jupiter. 


=3rd  mag.* 


=3rd  mag.* 


Colour. 


White 


Duration. 


Position,  cr 

Altitude  tao" 

Azimuth. 


Orange  colour 


Yellow 


Bluish  . 


Yellow 


Bright  yellow 


Bright  yellow 


Bluish  white., 


0  9  second  ..-From  x  Unas 
I    joris  to  p  Cn 
lopardi. 


Near  <f  andjtFej 


3  seconds.. 


2  seconds., 


■i 


3  sees. ;    very 
slow  motion. 


Bluish. 


From  a 
below  and  S, 
m  Andronei 
passed  betw 
P  and  r  Pej 
and  disappefl 
a  few  6ep 
above      e 

From  a  point 

1°  above  Pal 

disappeared  tbs 

2°  above  r  IH 

conis. 

From  a  point  aU 

3°  above  «  Di 

conis;        dia 

peared  about ! 

above     e    U 

Majoris. 

5  seconds {From  about  3: 

of  r  Aquas 
past  3  Aqua" 
and  disipprsj 
about  8a  W. 
Fomalhaut 
very  From  about  \\ 
low  0  Cjjd 
passing  W.  of 
Aquihe,  and  I 
appeared  10 
low  and  £.  of 
AntinoT. 
From  a  point 
few  degrees  a'j 
the  Pleiades  tt 
point  a  few  I 
greees  belo* 
Arietis. 
From  about 
above  to  abi 
3°  below 
Cygni. 


5  sees. ; 
slowmotion, 


0  3  second 


Momentary 
duration. 
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trance;  Train,  if  any, 
tnd  its  Duration. 


t  slight  train 


Length  of 
Path. 


t  fine  train  for  1  tec. 


36° 


tso  train 


no  train 


1  do  train 


It  splendid  yellow 
lin  for  3  seconds,  after 
he  disappearance  of  the 
Kteor. 


t  to  train 


ft  bo  train 


17° 


15° 


15° 


40° 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


I    . 


Inclined 


Almost  horizontal  „. 


Inclined 


Almost  perpendicular... 


Inclined 


Nearly  horizontal 


Inclined 


Remarks. 


Moon  just  rising ; 
meteors  scarce.  On 
the  previous  and  fol- 
lowing nights  the  sky 
was  overcast. 


A.  S.  Herschcl. 


T.W.  Backhouse. 


A  meteoric  flash,  fol- 
lowed by  an  explo- 
sion at  an  interval  of 
about  one  minute. 
(See  Appendix  II.) 

Very  wavy  motion  ... 


American  Jonrn. 
of  Science,  Mar. 
1866. 


Thomas  Wright 


This  was  a  most  splendid 
meteor. 


Clonda  rising  in  the  £.. 


Cloudy  after  this  time 
throughout  the  re- 
mainder of  the  night. 


Observer. 


Id. 


Id. 


Id. 


Id. 


W.  C.  Naah. 


Thomas  Wright. 
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KEPORT — 1866. 


Date. 


1865, 
Dec.  13 


14 


Hour. 


h  m    s 
7  20  p.m. 


8    9    6 
p.m. 


Place  of 
Observation. 


Apparent  Size. 


8  21  53 
p.m. 


8  37  40 
p.m. 


8  44  46 
p.m. 

9  6  28 
p.m. 

9  38  15 
p.m. 

10  15   p.m, 


10  17  p.m, 


10  19  p.m, 


West  Hendon 
(Sunderland). 


Royal  Observa- 
toiy,  Green- 
wich. 


Ibid. 
Ibid. 

Ibid. 
Ibid. 

Ibid. 
Ibid. 

Ibid. 
Ibid. 


Brighterthan  Sirius 


Colour. 


=2nd  mag.* 


YeUow 


3rd  mag.« 
3rd  mag.* 

2nd  mag.« 
3rd  mag.* 

3rd  mag.* 

2nd  mag.* 

=3rd  mag.* 


Twice  as  bright  as 
a  1st  mag.*. 


Bine 


Blue 
Blue 

Blue 
Blue 

Bluish 


Bluish  white.. 


Duration. 


Position. « 

Altitude  «a* 

Azunutk. 


2  seconds. 


Draoonis. 


I  second  , 


Momentary 


2  seconds 

Rapid  motion 

Momentary 


More   than 
second. 


Bluish Momentary 


Blue 


5  seconds.. 


From    a   pact, 
little  to  tae  I 
of  p  UrsrI 
joris;       pm 
about    2'   I 
of   i  Urs  1 
joris,  and  i^ 
peared  absal 
abore     i   Xi 
Majoris. 
From  the  ojr4 
of     B    LtJ 
disappeared 
little    aboie  i 
Lyncis. 
Passed   partly 
a     line    jois 
t   and    $    U 
Majoris,        j 
about  2-  ab 
those  stan. 
From  0  Ononis  I 
wards  «Lfpjfi 
Passed  paralk:  q| 
j     line    joining 
|     and  p   Cac 
•     pardi. 
..'From     the 
!     tion   of  $ 
1     siopeiae,  j*4 
1     Cassiopeia?     , 
ljFrom  a  point  ? 
'     of  e  Gemicca 
!     passed  bet wea 
and    B  Geirj 
rum,  and  cka 
peared  3=  bcaj 
the  latter  sta 
..  From  a  points' 
1°  above  Ca 
past     that 
towards  tk! 
horizon. 
,  From  a  point  I 
2°W.ofcL»c« 
moved  parage 
a    line   joinis 
and  €  Cyyci 
the  west  of  li 
stars),    to    ah 
10°    bevond 
latter  star. 
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ance ;  Train,  if  any,i  Length  of 
d  its  Duration.  Path. 


slight  train  before 

iished. 


feint  train. 


20° 


io  train  . 
to  train 

no  train 
bo  train 

no  train 


%  flint  train. 


bo  train 


itrtln. 


10° 

4°.. 


12° 


3°. 


35° 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


/ 


Latter  part   of  course 
curved. 


Inclined  at  an  angle  of  Slow  in  motion 
45°. 


Inclined  at  an  angle  of 
about  10°  from  hori- 
zontal. 


Inclined 
Inclined 


Almost  perpendicular., 


Inclined 


Almost  perpendicular., 


Remarks. 


Very  slow  motion 


T.W.  Backhouse. 


(Vrthur  Harding. 


Observer. 


Arthur  Harding 
and  Thomas 
Wright. 


Arthur  Harding. 

Id. 
Id. 

Thomas  Wright. 


Arthur  Harding 
and  Thomas 
Wright. 


Thomas  Wright. 


Arthur  Harding. 
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REPORT 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Postks:,<3 

Altitude  ai 

AzuausL 


1865.    h  m   s 
Dec.  14: 10  56  p.m, 

14  11    5  p.m 


14  11    9  p.m. 


Hawkhurst 

(Kent). 
Ibid 


20 


21 

24 
24 

25 
25 


27 


1866. 
Jan.    6 

6 

6 


Ibid. 


6  56  30 
p.m. 


Blackheath 
(Kent). 


=2nd  mag.* 
= 2nd  mag.* 

=  1st  mag.* 

=lst  mag.* 


White  , 
White 

White  , 

Bluish  . 


0*5  second 
0*5  second 


0*5  second 


2  seconds 


7  55  p.m 


8  80  to 

9  30  p.m. 

11  52  p.m. 


7    8  p.m. 
7  34  p.m. 


Weston  -  super 
Mare. 


=3rd  mag.* 


Blue 


2  seconds    ... 


Ibid. 


From  nTmrzsS 
T  Oph«. 

Disappeared  if 
Cancri.  Cm 
halfway  frca 
Geminoruc 

Appeared  nu 
between  3  In 
and  54  Ln 
Minoris. 

From  a  point  akj 
4°  abeu 
Pegasi;  yak 
between  d 
star  asd 
Pegasi,  anil 
appeared  ih 
3°  above  \  | 
gasi. 

From  a  p*>i  .t 
R.  A.  £1  . 
Decl.  26 '-  34 
Tanri. 


Hawkhurst 
(Kent). 


Weston  -  super 

Mare. 
Ibid 


=2nd  mag.* 

=2nd  mag.* 
= Venus  


White  . 

White  . 
Yellow 


0*7  second 


1  second 

2*5  seconds.. 


8  20  to      Ibid  . 

9  20  p.m. 


6    5  p.m. 

8  28  p.m, 

8  44  p.m. 

8  48  p.m. 


Ibid. 


Hawkhurst 

(Kent). 
Ibid 


Royal  Observa- 
tory, Green- 
wich. 


C   8  54   p.m.  Ibid 


=2nd  mag.* 
= 2nd  mag.* 
=3rd  mag.* 

=3rd  mag.* 


=2nd  mag.* 


Red  .... 
White  . 
Yellow 

Blue     . 


Blue 


1*5  second  ... 
0-5  second  ... 
1*3  second  ... 

Momentary... 
I  second 


Disappeared    * 
Monocerodi. 


From  m  Arietb  t 
Ceti. 

From  307°  +  4' 
to      292       3 


From  r  Pegasi  af 
CygnL  i 

From  h  Taraoii 
r  Cnstodis.    | 

From  r  Gemnri 
to  66  Aurigx. 

From  the  di? 
tion  of  I  C 
siopcise  1 

wards   «  And 
medae. 

From     the    tEri 
tion        of 
Cygni  toward* 
CygnL 
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esnsee;  Train,  if  any, 
and  iti  Duration. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks: 


Observer. 


nin  or  sparks . 
ilia  or  sparks  • 


tetiouary 
ittkleft. 


so  Iran 


10° 


fata  or  sparks  . 


8° 


Miuped ; 
e4,tfcu_ 


border'. , 


(ttUedi   left   %   red 
«»ak  85  long    for  4 

ccoodi. 


**i*  or  i  parks  . 


&*in  or  sptrks ;  grew 
{ndnsllr  leu. 

itriia 


tuiin  . 


10° 


10° 


Three  meteors  in  thirty 
minutes  :  clear  sky ; 
no  moon;  one  ob- 
server. 

*>ggy  ••••■ 


A.  S.  Herschel. 
Id. 

Id. 

Thomas  Wright. 


Directed  from  g  Gemi- 
norum. 


Sky  fine  and  clear;  in 
one  hour  no  meteors 
seen. 

One  meteor  only  seen 
in  one  hour.  Sky 
generally  clear  (occa 
sionally  hazy) ;  no 
moon ;  one  observer. 


Sky  fine  and  clear;  in 
one  hour  no  meteors 
seen. 

Slow  speed 


Four  meteors  in  one 
hour :  clear  sky ;  no 
moon ;  one  observer. 


Inclined 


j  W.H.Wood.  . 

Id. 

A.  S.  Herschel. 

W.  H.  Wood. 
Id. 

Id. 

Id. 

A,  S.  Herschel. 

Id. 

Arthur  Harding. 
Id. 
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REPORT 1866. 


Date. 


1866. 
Jan.    6 


Hour. 


h  m 

9  59  p.m. 


10    4  p.m, 


10    5  p.m. 


7  43  p.m, 
5  54  p.m. 


8  15  to 
8  35  p.m. 


9  22  p.m. 


Place  of 
Observation. 


Apparent  Size. 


Royal    Observa- Twice  as  great  as 


tory, 
wicb. 


Green- 


West  Hendon, 
Sunderland. 


Wisbeach  (Cam- 
bridgeshire) 


West  Hendon, 
Sunderland. 

Blackheath 
(Kent). 


Hawkhurst 
(Kent). 


Blackheath 
(Kent). 


Jupiter. 


Far  brighter  than 
Venus  appears  at 
its  brightest. 


Twice  as  bright  as 
Venus. 


=3rd  mag.# 
=3rd  mag.# 


= 2nd  mag.* 


Colour. 


Brilliant  blue. 


Bright  blue . 


Orange  colour 
Bluish  white. 


Bluish  . 


Duration. 


5  seconds 


Scarcely  1  sec, 
very  fast. 


Position,  s 

Altitude  mi 

Azimuth. 


4  seconds    ... 


Less  than 
a  second. 


3  seconds.. 


From  a  pi 
abont  V  alt 
and  N.  of 
Cygnl;  c 
peared  a 
degrees  N.  d 
PegasL 

Passed  very  sa 
Bridani,  asdi 
appeared  «i 
1*  or  2"  of  rC 


No  exact  note 
position  presen 


Vanished  about 
to  the  right  d 
Pegmsi. 
half)  From  the  direeti 
of  *,  passedl 
tween  £  and 
Ononis. 


From  a  point  3* 
4°  N.  of  r  0 
siopeis ;  fell  t 
wards  $  Ccpbej 
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rsaee ;  Train,  if  any.  Length  of 
id  its  Duration.       ]      Path. 


ine  yellow  train  for  20° 

foods. 


Direction;  noting  alto 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


led  in  brightness 
i  first  to  last ;! 
ppeared     suddenly.  I 

s  bright  sparkling 
i,  sad  left  a  lumi- 
i  itretk  from  R.  A. 
2-  S.,  Decl.  11°, 
E.  A.  i*  45-  8. 
L  14%  for  a  third, 

ef  s  minute,  at; 
t,  if  not  longer, 
Jfh  ?ery  faint. 

trsis  for  10  seconds 


Sky  cloudless 


Thomas  Wright. 


T.W.Backhouse. 


Nearly  perpendieular . 


Tfcis  was  a  remarkable 
shooting  -  star.  Its 
appearance  is  repre- 
sented very  nearly  in 
the  sketch.  It  showed 
three  distinct  stages : 
the  central  part  dis-l 
appeared  first,  then 
the  head;  and  the 
train,  in  the  shape  I 
hare  represented,' 
brightened  up. 

i 
I 


S.  H.  Miller. 


ftd  rather  gradually . 
Dtrain  'tf0.., 


. j Pell  vertically  dowu   ...| T.W.Backhouse. 

'inclined  ! rhomM  W"ght. 


otrsia 


Four  small  meteors  seen  A.  S.  Ilcrschcl. 

in  20  minutes.     Sky. 

bright  and  clear ;  no 

moon ;  one  observer.' 

On  the  nights  of  thel 

9th  and  10th  the  sky! 

was  overcast.  i 
'Thomas  Wright. 
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REPORT— 1806. 


1 

Date. 

-I 

Hour. 

Place  of 
Observation. 

Apparent  Size. 

Colour. 

Duration. 

Position.  < 

Altitude  a 

Azimuth 

■? 

1866. 
Jan.   8 

h  m 

9  46  p.m. 

Blackheath 

=3rd  mag.*    

White 

1  second  

From    a    point 
little      abcie 
Ursae     Mi©:: 
passed    r    t'l 
Minoris, 
wards     9    D 

8 
9 

10    5  p.m. 
Evening  ... 

Ibid 

=2nd  mag.*  

Large  meteor 

Bluish  white... 

J     conis. 
2  Seconds     ...'From       *lmat 

Sun  bury    (Mid- 
dlesex). 

Considerable 
velocity. 

above    and 
of    ij     Ohoa 
disappeared 
few  degreei  1 
low  and  E.  4 
Orionis. 
Across  the  const 

lationofOnai 

9 

9  14  p.m. 

Blackheath 

=2ndmag.#  

Bluish  white... 

Haifa  second.. 

From    a    poid 
little  above  Sira 
disappeared  ab 
1°  above  and  1 
yond  p  Canis  1 

9 
9 

11 

9  35  p.m. 
9  38  p.m. 

Evening  ... 

Ibid 

=2nd  mag.#  

=  1st  mag.*    

Much  brighter  than 
the  fixed  stars. 

Bluish  white.. 
White 

2  Seconds......  From       ahnnt    1 

Ibid 

1  second 

Very   rapid 
speed. 

oboTe  and  5 
«    Pegasi;   A 
appeared    aaj 
5°     below  4 
star.           J 
From  a  little  a1 

Alkmonton 
(Derbyshire). 

e;    passed  l 
way   betwei 
and  gy  aad 
appeared  s  1 
below     a 
certae. 
Passed     abort 
house,       a; 
rently     at 
great  altitodl 

11 

9  52  p.m. 

Hay  (S.  Wales). 

Atfirst=2ndmag.*f 
afterwards  twice 
as  bright  as  Si- 
rius,  but  looking 
much  larger ;  di- 
ameter about  10'. 

Deep  yellow; 
train  whiter 
in       colour 
than       the 
head. 

4  or  5  seconds 

From     altitnd 
bout  15C,E 
in     Monort 
the       meti 
passed     es 
across  «  Ori 
and     proca 
as    far    as 
head    of  A 
when   it   dt 
peared     lies 
The  lermlna1 
of  its  coor* 

!                       I    seen. 
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earaoet ;  Train,  if  any, 
ud  its  Duration. 


ao  train fe0 


Length  of 
rath. 


»  train 


*  into  fragments, 
aka  proceeded  on* 
Ms  hi  the  same 
ireetioa,  ]>ecoming 
KQtr.      Left    no 


t»bain 


is  train 


>  i  tail  of  light  in  its 
*k   of  considerable 


Direction;  noting  also 

whether  Horizontal,  N 

Perpendicular,  or 

Inclined. 


Inclioed 


Perpendicular . 


Slightly  inclined 


10°  Perpendicular. 


Reached 
quite 
across  the 
heavens. 


Curved 


*  *  projectile,  leaving 
traia  of  5°  or  more, 
**•  vti  dense  and 
■w-nuotti  with  the 
Jjd,  hot  speedilv 
f*.  like  a  bomb. 
Wl  fired  from  London 
■tolrdtad. 


More  than 
60°  while 
in  sight. 


Perfectly       horizontal ; 
about  S.E.  to  N.W. 


E.S.B.  to  W.N.W.,  rising 
obliqnely  upwards 
Rectilinear  while  in 
sight. 


Re  m  at  ks. 


Observer. 


Thomas  Wright. 


Id. 


Seen  through  trees . 


J.  Gale. 


Thomas  Wright. 


Id. 


Id. 


Very    brilliant.      Whe- '  Derbyshire  Ad- 

ther      the      meteor     vertiser.' 

became  extinguished!  Alpheus  Slight. 

or    became    lost   in1 

space,  could  not  be, 

described.  | 

The  train  strongly  visi-  T,  W.  Webb, 

ble  after  the  meteor 

was    hidden    by   the 

house:  soared  through 

the  sky  with  a  very 

majestic  effect. 


g2 
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UBFOHT — 1866. 


Date, 


1866. 
Jan. 11 


11 


11 


11 


11 


Hour. 


h  m    s 
9  53  30 

p.m. 


Place  of 
Observation. 


Royal  Observe, 
tory,  Green* 
wich. 


9  54  p.m.  Bedford 

I 

9  55  p.m.  Ashford 


Apparent  Size. 


Colour. 


At  first  equal  to  a  Yellow 
2nd  mag.*;  in- 1 
creased  conti 
noally  in  bright- 
ness, being  final- 
ly larger  and 
brighter  than 
Sinus. 


Duration. 


3  seconds. 


Brighter      than 
Venus     at     its 
maximum. 

Large  meteor  ... 


Position,  a 

Altitudes* 

Azimuth. 


Bright  orange 
colour. 


Quite  blue 


A  few  mi- 
nutes be- 
fore 10p.m. 


10    0 


p.m 


Westminster 
Bridge, 
London. 


Ticehurst 
(Sussex). 


Large  meteor 


Much  brighter  than 
a  star  of  the  1st 
magnitude. 


Head  and  tail 
brilliant 
white. 


Froen  a  point  i 
degrees  a 
the  Pleiads 
m  Piscina. 
Centre  of 
opposite  7 
etis. 


About    1  sec.  First  appeared 
while        in    /3  Ononis;  n 
sight.         -      about    2*    a 
y  Pegnsi. 

Prom     E..  or 

»     points  N.  t 
to  W. 


From  over  thj 

rection  of  1 

!     beta    pier; 

I     appeared  b* 

|     the       houses 

J     Parliament. 

6  to  8  seconds.; Prom  altitude  I 

Glided      as,     B.  by  S. ;  pa 


swiftly     as 
an  arrow. 


20°  S.  of  I 
xenith  to  aid 
&°  doe  W. 

Zenith. 


11,10    0  p.m  Bradford 

I  |    (Yorkshire). 

11  About  1030  Hawkburst 


p.m. 


(Kent). 


!        West.  a 

(Splendid  meteor...1 Several  sees..., Apparent       cei 

I-  '  '      I     from  s.E.  tal 

As  bright  as  Venut1  White 2*5  seconds  ...  Disappeared    t\ 

!    at  its  brightest.  I  ,     way   betwed 

j  I    .  i  '     Hydra;     aai 

Sextanti«:oaj 
i  halfway   free 

.  I  Cancri"  \ 

.'=2nd  roag.»  I  White j  1*5  second  ;     Disappeared    J 

very      slow      Cicunuoiur  ." 
motion. 

1111  38  p.m. Ibid slstmag.4     Mhite 06 second  ...From  c  Tax*itfl 

I  I  I  I     rCnstodisTl 

~~  *  *»  -        ■*         *  ■  ■ j 


1111  33  p.m.  Ibid, 
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mace;  Train,  if  any 
sd  iti  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


fine  train  , 


35° 


Inclined 


I  bhna  train  20°  in 
I&  fori  second. 


itain«eandleball; 
■ppeared  without  ex- 
wo;  Wt  no  trace. 


f » comet;  exploded 

kit 


'*7-nctet,i(>l]owed 
«  *m  of  light  like 
Mill  of  t  comet.  It 
■»%  disappeared, 
««S  the  whole  length 
*  P«th  visible  by  a 
»»•«  streak,  which 
■»«•*  »«e  seconds 
totkedisanpearaj 
"fcswteor. 


Complete 
arc  of  the 
sky. 


!*w*tt 

•rWdeiadaally 

«»triiafor|, 


This  meteor,  when  first 
seen,  was  about  the 
size  of  a  second 
magnitude  star ; 
but  throughout  the 
whole  of  its  course 
it  continued  to  in- 
crease in  bright- 
ness, until  at  the 
time  of  its  disap- 
pearance it  was 
larger  and  brighter 
than  Sinus. 


Brnest  Jones. 


Nearly    the 
whole 
arch  of 
the    hea- 
vens; 
1G0°, 


Over£ofthe 
heavens. 


55SS^«» 


Apparently  in  a 
circle,  from  B. 
to  W.  by  N. 


semi- 
byS, 


E.  to  W. , 


Among  some  large 
meteors  seen  by 
the  same  observer, 
none  was  remem 
bered  that  took  such 
a  complete  circuit  of 
the  heavens. 


Qommanicated 
byT.Crumplen. 


Whether  the  meteor 
became  exhausted  or 
disappeared  beyond 
the  range  of  vision 
could  not  be  deter 
mined.  Clear  star- 
light night.  Altitudes 
and  positions 
sored  on  the  1Mb, 


Imperfect  view  through 
a  frosted  window- 
pane. 


T.O.E.  Elger. 


The  Standard,' 
Jan.  15th. 
E.M. 


R.  Covington. 


Directed  from  m  Mooo- 
cerotis. 


Two  small  meteors 
seen  in  tbe  last 
half  -  hour.  Clear 
sky ;  no  moon ;  one 
observer. 


Communicated . 
by  R.  P.  Greg. 
A.  S.  Herschel. 


Id. 


Id. 
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REPORT — 1806. 


Date. 


1S66. 
Jan.  11 


13 


Hour. 


15 


15 


16 


16 


16 
19 


h  m    i 
11  52  p.m 


12    4  a.m. 


9  19   p.m. 


9  47  p.m, 


7  55  p.m. 


9  53  30 
p.m. 


10    4  pjn. 

9  24  15 
p.m. 


Place  of 
Observation. 


Hawkhurst 
(Kent). 


Ibid. 


Dlackheath  , 


Ibid. 


West  Hendon 
(Sunderland), 


Greenwich 


Ibid. 
Ibid. 


22  About  7  53;Tonraay 
p.m. 


i        24  11  55  p.m.  Hawihurit 
(    (Kent). 

24  11  59  p.m.  Ibid 


Apparent  Size. 


Colour. 


-3rd  mag.* 
=3rd  mag.* 


.White  , 


=  lit  mag.*. 


=2nd  mag.* 


=3rd  mag.a 


=2nd  mag.* 


=2ad  mag.* 
=3rd  mag.* 


White 


Duration. 


Position,  oc 

Altitude  ad 

Azimuth. 


Bluish  white. 


I 


White 


I 


Orange  colour 


Brilliant  meteor . 


=3rd  mag.* 


Yellow 


Yellow. 


Bluish  white.. 


Silvery   blue ;  i  seconds 
the      frag- 
ments red. 


0*5  second  ;     From  (Cor  Cl 
very  swift.     .  £  Ur&se  Naji 
to  «    Unx 
joris. 

0*8  second  ...Appeared  as 
Ursae  Ma> 
coarse  ta 
quarters  of 
way  to  I  X 
Majoris. 

Momentary ...  From  a  pool 
or  2°  abov 
Ursa;      Mint 

aoris   towasj 
Draco  nis. 

I  second From  about  J 

of  Aide* 
passed  on  « 
side  of  that 
to  a  point  I 
of  c  Tauri. 
Vanished  neat 
Lacertae. 


Momentary  ...From  a  point  i 
third  of  the 
stance  front, 
dromedae,  a 
soring  tow* 
p  Andromea 
passed  mi* 
between  fast 
Attdromedcj 
Passed  between 
Pleiades  aad 
Persei. 

I  second From  the  dircd 

of  Pollux;  H 
ed   midwaT 
tween  y  mm 
Geminorosi,  | 
wards 
From  afewc 
below  the  I 
des  to  a 
grees  below  | 


Momentary . 


.White 


J  3  second 


=3rd  mag.a    'Orange  yellow  1*3  second 


Disappeared 
(0,  *V)  Vr±* 
jorisl 

From    m   to 
Unas      Mi| 
3  Cannm 
ticorum). 
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arance;  Train,  if  any, 
and  its  Duration* 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


ain  or  sparks  , 


a  streak  for  1  second 


Seven  meteors  counted 
in  one  hour.  Frosty ; 
clear  sky  ;  no  moon ; 
one  observer. 

One  meteor  in  15  ml 
nutes.  Clear  sky; 
no  moon;  one  ob- 
server. 


mo  tram 


no  tram 


10° 


Line  joining  /3  and  y 
Ursae  Miooris,  paral- 
lel to  track  of  meteor. 


I  s  small  train  About  12°... 


ft asKght  train   J**.. 

ft  no  train  10° 

I 

I 


/ 


Nearly  perpendicular . 


A.S.  Herschel. 


id. 


Thomas  Wright 


Id. 


T.W.  Backhouse. 


Ernest  Joues. 


E.  toW.;  horizontal. 


Slightly  inclined  from 
horizontal.  Line  join* 
ing  y  and  v  Gemino- 
rum,  at  right  angles 
to  track  of  meteor. 


.30° 


tftw  train 


octal  a  distinct  maxi- . 
»>•»,  with  sparks  at1 
tbebu  part  of  its  flight,  i 


A  report  as  of  a  distant 
gun  was  heard  at  an 
interval  variously  es- 
timated at  15  to  45 
seconds. 


Directed  from  0  Ursae 
Majoris. 


Id, 

Thomas  Wright 


Torquay  Dire©* 
tory/ Jan.  24th. 


A.S.  Herschel. 
Id. 


88 


felMftV~»1806. 


Date. 


1866, 

Jfcihid 


25 
31 

|  Feb.   2 

2 
2 


I 


Hour. 


h  m 
11    B  Mfc 


12  17  turn. 


10    0  p.m. 


5  45  p.m. 


55  p.m. 

4  p.m. 

66  p.m. 


10 
10 


9    6  p»m 

9  36  p.m. 

6  56  p.m 

7  34  p.ro. 

8  23  p.m, 

7  16  p.m. 

7  30  p.m. 


Place  of 
Observation. 


Kawluiifat 
(Kent). 


Ibid.. 


lt«»l«lk»*«i 


Sandhurst, 
Melbourne, 
Australia. 


Hawkhurst 
(Kent). 

Ibid , 

Ibid , 

Greenwich 


Weston  -  super  - 
Mare. 


Hawkhurst 
(Kent). 

Primrose  Hill 
(London). 

West  Hendon 

(Sunderland). 

Greenwich  


Primrose  Hill 
(London). 

Ladywell 
(Lewiaham), 


Apparent  Sise. 


'frdmag.*  *».i. 
■fend  mag.*  


Large  and  brilliant 
as  a  rocket. 


= 3rd  mag.*., 


«*lst  mag.* 
«3rd  mag.* 
••1st  mag.* 


-Sinus;   then* 
3rd  mag.* 


•3rd  mag.* 


*  Polaris 

»3rd  mag.* 
-2nd  mag.* 

e/3  Aurigfe 
■3rd  mag.* 


Colour. 


White  .. 
White  *. 

Yellow 

Yellow.. 
Yellow 
Bright  blue... 


0*6 

1*1  second  ... 


Duration 
nearly    a 
minute. 


Orange,   than 
deep  red. 


Yellow 


White  . 


Orange  colour 


Bluish  white.. 


Duration. 


PotXtVJG,  €T 

Altitude  aai 

Ariiniitk 


Fnw.t(*,*)0 
todistocGai 
peiss. 

From  0 

(•>  I)  VirjT» 


I  second  . 


1*2  second 


1  second  . 
1  second  . 


I  seconds.. 


0*8  second 


I 


Momentary ... 


1  second  , 


I 


White 


Bluish  , 


0*7  second 


0*5  second 


Passed  nearly  s 
head,  from 
altitude  of  ah 
45°  in  the 
to  an  afcfed 
about  203  L 
E. 

From  7  to  ^ 
sciam    and 
wards   aa  i 
beyond. 

From  9  Tauri  a 
Ononis. 

From  m  Anhgl 
/3  TanrL 

Passed    ai 
Eridanl ;    ces 
of  path 
star. 


From  tDracoa* 
ijUrssMajd 


Disappeared  at 
centre  of  arc 
at  I  Cepbei. 

From  195°  +  31 
to      203   +31 

Between  the 
Hyades  and 
Aurigae. 

From  a  poiat 
few  degrees 
of  Cor  Carol 
passed  thai  il 
towards  if  Vr, 
Majoris. 

From  i  O  A 
rigae,  «  C« 
norum). 

Appeared  about 
below  A,  * 
disappeared  o 
tweeo  I  asd 
Draconis. 
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ifioee;  Train,  if  any, 
tad  its  Duration. 


un  or  sparks  , 


tin  or  sparks  , 


Length  of 
Path. 


(tin  or  sparks  . 


aitaak  for  1  second 
rain  or  sparks 


15°  ... 


fall?  relaxed  its 
pKdt  and  changed 
*  appearance;  like 
substance  burning! 
«.  j 

trim  or  sparks 


ft  no  train 


*  »  »Hght  train  3°  in 
iftsotnji  


Direction;  noting aho 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


E.  to  W. ;  inclined . 


Inclined  at  an  angle  oft  Line 
45°. 


./ 


Inclined  downwards ; 
slightly  to  left. 

At  an  angle  of  45°; 
downwards  to  the 
left. 

Slightly  inclined  from 
horizontal.  Line 

joining  Cor  Caroli 
and  if  Ursse  Ma- 
joris,  parallel  to 
track  of  meteor* 

Inclined  to  the  left,  to- 
wards n  Cassiopeiae. 


Remarks. 


Four  meteors  counted 
In  35  minutes.  Clear 
sky;  half  moon;  one 
observer. 

Although  the  full  moon 
was  shining  brightly, 
the  meteor  was  still 
extremely  brilliant, 


of  flight  nearly  pa- 
rallel to  line  of  Orion's 
belt. 


During  the  hour  from 
8  to  9  o'clock  p.m., 
Feb.  7th,  bright  au- 
rora. 

Five  meteors  in  30  mi- 
nutes. Clear  sky ; 
no  moon;  one  ob- 
server. 


Observer. 


A.  S.  Herschel. 


Id. 


Illustrated  Mel- 
bourne Post,' 
Feb.  23rd. 


A.  8.  Herschel. 

Id. 
Id. 
W.  C.  Nash. 


W.H.Wood. 

A.  S.  Herschel. 

T.  Crumplen. 
T.W.  Backhouse. 
Thomas  Wright 

T.  Crumplen. 
F.  P.  Trapaud. 


J 
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KEPOKT 1866. 


Date, 


Hour. 


Place  of 
Observation. 


186G.    U 
Feb.  10    8 


m    i 
33  p.m. 


10 

11 
IS 


13 

13 
13 

13 

13 

13 


9  16  p.m. 


Tooling  (Surrey) 


Apparent  Size 


I  Position,  s 

Colour,      |     Duration.     |      Altitude  a 

j  !         Aztmatfc- 


«  2nd  mag.* 


0  52  a.m.  Greenwich  [=  2nd  mag.* 

J    0  15     London    ,,..; Five  times  as  bright 

as  ■  Persei, 


7  11   p.m. 

S  16  p.m. 
9  18    5 


19 


9  25  35 
p.m. 


9  45  55 
p.m. 

10    0  p.m. 


Royal    Observa- Twice  as  bright  a&  Brilliant  blue.. 
tory,      Green -j     Siriu*. 
wins. 


West  1  Tendon  ,      =  Sinus 
Sunderland. 


lUd. 


Royal  Gb&ervi- 
toryt  Green- 
wich. 


\ 


9  23    p.m. 


Ibid  . 


Ibid . 


Weston  *  an  per 
Marc* 


Hawkhurat 

(Kent). 


-2nd  mag.* 

=  4 lb  mag.* 

-  3rd  mag*. 
-3rd  mag.* 


Yellow 0*5  aecoud  ...'From  a  po&i 

I  v ;  passed  d 

midway  bet 
^    and    7 
conis. 
Very    rapid     [From    a   pcia 
motion.  or   3°  W 

'     Cephei    to* 
|     *  CygnL 
Momentary  ...'From  c  Ursz 
joris         to* 
Castor. 
3*5  seconds  ...|From  oear  PU 
passing  Uu 
b   and  X  Yt 
and   onwzri 
very  near  ^X 


Bluish  white... 


Pale    blue    to 
white,    and 

finally 
orange. 


Yellow 


Deep  orange.. 
Yellow     ...., 


second. 


Bluish  white...  0*5  second  . 


Disappeared  Is 
of  6  Lacerte 


.  I  Disappeared  \ 
1     ofllLacertt 


Less  than  0*5  From  the  direc 


Bluish  white... 


Blue 


0*5  second 


0*5  second  ... 


=  3rdmag,#    ......  White 


of  c  Cassiope 
passed  across 
zenith,  mi* 
between  Cap 
and  e  Aurir* 
wards  9  Ann 

Passed  across 
Ursae  Ma  joris 
a  point  2: 
3°  beyond  i 
star. 

Passed  across 
Cassiopeia?,  i 
disappeared  t 
Cassiopeic 

From  R.A.  87 D, 
Dccl.  3°  to 
Ononis. 


0*6  second   ... 


From  H  to  D  C 
melopardi. 
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araace;  Train,  if  any,.  Length  of 
ud  its  Duration.  Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


i  slight  train 


» train 


» train 


neteor  separated  into 
•  parts,  apparently 
o  the  accumulation 
matter  at  the  rear  of 
i  nucleus. 


35°  or  more 


■  <rf  bright  sparks 
<*  3°  long,  vanish. 

%  at  the  same  time 

itbthead. 

P»rkfing  train,  about 
long,  Tsaiahing  with 

ahead. 

bo  train  


tao  train 


*  bo  train 


m«Utationary  meteor.. 


E.  to  W.;  slightly  in- 
clined  from  horizontal. 


10°  Perpendicular. 


Very  short. 

About  20°.. 
12°  


>or8° 


Remarks. 


Faint  auroral  light . 


Inclined  downwards  to;  Began  as  a  5th  mag.it, 

left.  and      gradually     in- 

I    creased  in  brightness. 


Down,  a  little  to  the  left 


Down,  a  little   to    the 
right. 


Towards  N.,  pear  the 
zenith;  directed  from 
X  Unas  Majoris. 


Very  rapid  motion  , 


6° I  Inclined ;  directed  from 

y  Cephei. 


2°., 


Prom  4h  to  5*  a.m.,  on 
the  21st,  a  superb 
display  of  aurora  bo- 
realis  between  N.E 
and  N.W.  parts  of  the 
horizon. 

One  meteor  in  30  mi- 
nutes. Clear  sky  ; 
crescent  moon;  one 
observer. 


Observer. 


Ernest  Jones. 


Arthur  Harding. 


W.  C.  Nash. 


T.  Crumplen. 


T.W.Backhouse. 

Id. 

Thomas  Wright. 

W.  C.  Nash. 


W.  C.  Nash  and 
Ernest  Jones. 


W.  H.  Wood. 


A.  S.  Uerschel. 
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REPORT— 1866, 


Date. 


1865. 
Feb.  22 


22 


Hour* 


h    m    h 
6  30   p.m. 


8  45  p.m. 


SandwLek, 
Scotland. 


Kirkwall, 
Scotland. 


23 
Mar.  1 


9  36  p.m. 
0  16  ji.iu, 


B,li     9  61 
p.m. 


11  28  p.m. 

II  15  p.m. 

11  2B  p.m. 

11  29  p.m. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


West  irentton, 

Sunderland. 
Ekham     .. 


Greenwich 


Hawkhurst 

(Kent). 
Ibid 


ibid. 


Ibid . 


11  52  p.m.  Ibid ,..„,...  m 3rd  mig.t 


Larger     than    the 
moon. 


Larger     than     the  Dtue 
moon. 


-hi  or  2ml 

tDtg.t 

As  bright  M 

Venus 

=  3rd  mag.* 



=  3rd  mag.* 

■=  3rd  mag.* 



«  3rd  mag.* 

...... 

-1st  mag.* 

...... 

Ydlnwhh 

white. 


11  58    p.m. 


8   8  15  45 

p.m. 


Ibid  ,. 

Black  heath 


*m  2nd  mag.* 
-3rd  mag.* 


Duration. 


Potation,  s 
Altitude  i 


White  ,♦. 

Yellow 
White  .„ 

White  ... 

White  m* 

White  ... 
While  ... 
White  ... 


Rapid 


Veryqmck  „-23  or  1°  left  a 
Andromeda. 

07  second  ...  Point    of    apw 

anee   about 

N.of«Uivzl 

joria  (atallis 

about      50° 


0-7  second  ,*,  Pasted    aboot 
below  ■  Hj<3 
centre    of    pi 
nearly     opf-> 
that  atar. 

0-6  second  ...  From  X  to  i  Be* 

0  8  second  ...  Disappeared    i; 
Pertei.      Cm 
threc-quar-r 
the  way  fn>c* 
Caiuelopart? 

0  6  second  ...  From  j3  Leoni* 
i  <r  Leoait, 
Virginia^  ud 

beyond , 

W  second  ...  Disappeared  at 
Path    j    of  d 
way  from  « l"n 
Mejoris. 

2"2  seconds  ,..  From  12ta^L;rr 
and  onwards  Lb 
as  far  again. 

06  second  ...From  Cor  CarolL 
of  the  way  ta 
Ophiuchi. 

Less tli an  1  sec.  Fell  Tetlieaily  . 
a  point    near 
Persei  aJraojt  r 
/3  Trianpuli . 
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mace ;  Traia,  if  anv,  Length  of 
id  its  Duration,         I      Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


ody  of  the  meteor 
taally  became  blue 
I  passed  to  S.B.  A 
of  fire  followed  the 
ear  ia  iu  coarse. 


••••••• .«•••••• 


ifiaetnue 


>  train 


J*in  or  sparks  . 
knia  or  sparks  . 

tnia  or  sptjfce  - 

(rata  or  sparks  , 

tola  or  sparks  . 
<fiia  or  sparks « 
Uwjtmn  ...... 


About  7°.. . 


M.B.  to  S.W. 


N.B.  to  S.W. 


Remarks. 


Downwards,  5°  to  the 

right. 
Inclined  


;A  remarkable  fireball 
(Seen  also  at  Ballater, 
and  described  as  a 
remarkably  large  me* 
teor.) 

The  light  of  the  me- 
teor  was  so  vivid 
as  to  dim  the  gas- 
Hghts  in  the  houses. 
The  meteor  exploded 
with  a  loud  report, 
which  sounded  like 
distant  thunder,  and 
was  heard  at  an  in- 
terval of  2  minutes 
after  the  disappear, 
ance  of  the  meteor. 


is 


% 
% 


!.  to  W. ;  inclined  at 
an  angle  of  20°  from 
horizontal.  Directed 
from  9  Virginia. 


Moon  shining  brightly ; 
cirro-oumuliw  clouds. 
Meteor  seen  this  side 
of  the  clouds. 


Observer. 


Symons's 
Monthly   Me. 
teorol.  Mag. 


A.  Iveraek, 
Journ.     Scot. 
Meteorol.  Soc. 
July    1866, 
vol.  i,  p.  S74. 


T.W.  Backhouse. 
W.  C.  Nash. 


Id. 

A.  S.  Henchel. 
Id. 

Id. 

Id. 

Id. 
Id. 


.,30° 


I  ! 

.'Perpendicular W,  C.  Nash. 
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REPORT— 1866. 


Apparent  Size.  Colour. 


Duration. 


PtWtHB.C 

Altitude  id 

Azimttik. 


12 11  25  p.m. 
1211  30  p.m, 


12 


11  33  p.m. 


Hawkhurtt 

(Kent). 
Ibid 


12 11  36  p.m 
1211  42  p.m 

1211  45  p.m 


1211  58  30 
p.m. 


Greenwich 


Ibid. 


Greenwich  =  2nd  mag.*   Bluish  . 


8  26  p.m. 

10    3  p.m 

10    7  p.m 

10    9  p.m. 


llawkhurat 
(Kent). 


Ibid. 


Ibid. 

Ibid. 
Ibid. 

Ibid. 


=3rd  mag.* 


=3rd  mag.* 


Yellow 

Yellow 
White  . 

Yellow 


=3rdmag.«    (Yellow 

=3rdmag.*   lYellow 


=  lst  mag.* 

=2nd  mag.* 
=2nd  mag.* 


Bluish  , 

I 

j 

/White  . 

i 

.  White 


1  second  , 


0-8  second 
0-4 


Momentary . 


0*8  second 
0*8  second 


2  seconds.. 


1*3  second 
1*2  second 


=2nd  mag.*  'White 0*5  second 


\  second 


=2nd  mag.*  Bluish  white...  0*7  second 

I  i 

Blue    1-5  second 

I 
Blue    I  second... 


=3rd  mag.* 
=2nd  mag.* 

=2nd  mag.* 


Bluish  white...  Rapid  motion 


From  X  Dm 
I  to  K  CurJ 
,  pardi. 
From  wtot  0 
I     Majoria, 

to  |  (N.  Cm 

|     lopardi,  i  B 

|     Minoris). 

From  a  point  a] 

degrees  beta 

Cassiopde 

nearly  Tertia 


From  e,  halfaq 

d  Bootia. 
From  £  (7,  ci  t 
I  Majoria  toXi 
j  conis. 
•From  a  point 
j  below  i;  pa 
I     midway  bet 

C    and    y 
I     ginia. 
.  I  From     $     VirBsJi 

,     BootU. 

J  Began         

I     between  i  Sen 
I    pentis     and   { 
I     Bodtis. 
Disappeared    at  I 
j    Draconu. 

I 

'Point  of  appeal 
ance  midwav  la 
iween  fi  am!  i 
Scrpentis. 

Passed  across  1 
and  disapprtni 
close  to  m  I** 
conis. 

From  a  point  j«at 

I    below     3    D» 

1    conis. 

From  a  point  stoat 
3°W.,andtbc« 
Polaris;  fell  to- 
wards 7  Ceptti. 

From  the  dirrt- 
tion  of  x  toi 
point  just  bt« 
low  *  Ursa:  Min- 
ions. 


A  CATALOGUE  OP  OBSERVATIONS  OF  LUMINOUS  METEORS.  95 


swre ;  Train,  if  any, 
cxj  its  Duration. 


Length  of 
Path. 


Dhection ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


ah  or  sparks , 


Bis  or  sparks . 


bid  or  iparks ;  bright- 
tai  the  middle  of  iu 

In. 


ao  train 


bis  or  iparks , 
His  or  sparks . 


lite  train. 


10° 


Mi  or  iparks . 


bio  or  iparks . 


|M«t  it  middle  of  its  • 

Uk. 


U  slight  train 5 


[■  train  and  sparks  at 
»*P?ttr»oce. 


k  ft  train  , 
^0  train  , 


15° 
12° 

Strain 'l5° 


Nearly  perpendicular . 
Cassiopeia. 


A.  S.  Ilerschel. 

Id. 
Id. 

Ernest  Jones. 


Directed  from  p  Leoois 


Directed  from  ^  Dootis. 


Halfway  from  9  Ursse 
Majoris. 


S.  to  N.,  nearly  hori- 
zontal. 


A.  S.  Ilerschel. 
Id. 

Ernest  Jones. 


Probably  same  as  the  A.  8.  Herschel. 
preceding  meteor. 


Id. 


Seven  meteors  in  onr  Id. 
hour.        Clear  sky;: 
no   moon;    one    ob-|   * 
server.  | 

Ernest  Jones. 


Perpendicular.. 
Nearly  vertical 

Inclined  


W.  C.  Nash. 

Arthur  Harding. 
Id. 

Id. 
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REPORT — 1866. 


Date. 


Hoar. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  cr 
Altitude  and 

Azimuth. 


1866. 
Mar.lS 


h    m 
11  50  p.m. 


Enyt,  Penrhyn 
(Cornwall). 


16 


16 


17 


8  16  p.m  Greenwich 


10  12  p.m, 


10  47  p.m 


Blackheath  , 


1710  47  p.m 


1710  52  p.m. 

! 

17,11    0  p.m. 


Apr.  10 
11 


9  29  p.m, 
8  45  p.m. 


13  9  57  p.m. 


Greenwich 


Lewisham 


[bid 

Greenwich 


Sice  of  the  moon...  Bluish 


Slow  speed  ... 


In  the  N. 


=2nd  mag.« 


=  Rigel 


Bluish  white., 


i  second  , 


Yellow 


3  seconds.. 


Royal  Obserra 
tory,  Green- 
wich. 

Blackheath  ... 


Royal  Observa- 
tory,  Green- 
wich. 


=2nd  mag.« 
=3rd  mag.# 


=Venus  'Yellow 

Greater    than    1st  Brilliant  blue. 
mag.« 


I  second  

13  seconds    .. 


Bluish  white... 
Bluish  white... 


= 2nd  mag. #   Blue 


=3rd  roag.# 


I 


Bluish  white., 


=3rdmag.«    Bluish  white, 


14  9  21   p.nvfbid =4th  mag.#   Bluish  white., 


i  second , 
I  second  , 

1  second  , 
1  second  , 


4  second 

Rapid  motion 


Prom  a  point  ^ 
m       Gemlacrs 
fell     toward* 
Tauri. 
Fell    from  a   pi 
a      little     ab> 
X     Peraci,     t 
passed     a    li 
N.  of  f  And 
media. 
.J  Passed      across 
,    Cassiopeia  (ab 
j   5U  beyond*. 
'Passed   betwra 
1    and     >    Cai> 
I     pei«,     and     d 
I     appeared      c« 
j     9  Cassiopeis. 

Pasaed  from  cLvi 
!     towards  /I  l.y.t 
Passed      acrou 
j    Geminoram  H 
I     beyond).      fv 

the  directita  ■ 

8  Gcnoinonii"- 
.  Disappeared  a 
|    tween    *   artl 

Draconi*. 
.Passed  midw^j  H 
■     tween    £    ai'ti 
!     Pereei:  centr?-: 
I    track       betv« 
t    those  star*. 
,  From  the  direct* 
;     of  «;  disappear* 
i    near  9  Ume  Mi 
I    Jom. 

|  Fell  vertical!  vfrxx 
1    a   point    2°    F 

and    above    IV 

laria. 
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|  Direction ;  noting  also 
mace;  Train,  if  any,  Length  of  ,    whether  Horizontal, 
d  its  Durmtioti.        |      Path,      i      Perpendicular,  or 
I  I  Inclined. 


Remarks. 


Observer.       I 


i  long  train.     The 

r    portion    of    the! 

only     seen    (see* 

&  :     •  1,  panes  of] 

12}  inches  by  9* 
a;  •  2,  termina-l 
seen  through  tree* 

distant  fir  planta-j 
l  distance  one  mile). 


to  train 


Light  enough  to  pick  np  E.  Rapson,  com- 
a  pin,  or  as  light  as  oni  municated  by' 
a  rainy  day.  J.  S.  Envs  andl 

1     H.  C.  So'rby. 


,W.  C.Nash. 


train  for  1  second  ...  15°  N'early  perpendicular. 


traia    

train  for  }  second 


15° 


30° 


nil  . 
train  , 


8°., 
I 
10° 


;  so  train 


i  so  train 


10° 


About  0°., 


The  path  of  this  meteor  Thomas  Wright, 
was    slightljr  curved, 
thus — 


Directed  from  «  Ursa; 
Majdris. 

From  m  Urate  Majoris... 


Inclined 


Nearly  vertical.  From 
direction  of  P  Una? 
Minoris. 

Inclined 


htly 


A  very  large  and  bril-  W.  C.  Nash, 
liant  meteor.  , 

Same  as  the  preceding  Thomas  Wright, 
meteor.  I 


I 


Id. 
JW.  C.Nash. 


fc*>  train  5° Inclined ld« 


fr  do  train 


20* 


Arthur  Harding. 


Thomas  Wright. 


PtfptndiciiSar ' Arthur  Harding. 


l^i«. 
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REPORT 1866. 


Date.  \      Hour. 

I 


1866.' h 
Apr.  14;  9 


Place  of 
Observation. 


36  p.m.  Royal  Observa- 
tory, Green- 
wich. 


16>10    3  p.m. 

i 


IG'10  16  p.m. 


17 


8  42  p.m. 


17.  8  47  p.m 


17'  9  13  p.m 


17 

17 

18 
19 

19 

21 

21 


10  14  p.m, 

10  18  p.m. 

10  41   p.m. 
Evening  ... 

10  40   p.m. 


10  21   p.m. 
(approx.) 

10  23   p.m. 

(approx.)  ; 


Ibid. 


Blackheath  . 


Royal  Observa- 
tory, Green- 
wich. 


York. 


Royal  Observa 
tory,  Green- 
wich. 


West  Heudon 
(Sunderland). 

Ibid 

Greenwich  

Observatory, 
Paris. 

Glasgow  

Blackheath 

Ibid 


Apparent  Size. 


=  ltt  mag.* 


=2nd  mag.* 


=3rd  mag.* 


=3rd  mag.* 


About  the  size  of 
Jupiter. 


=2od  mag.* 

=2nd  mag.* 
= 2nd  mag.* 


Colour. 


Bluish  white.. 


Bluish  , 


BInish  white.. 


Blue 


Fine  orange 
colour. 


Bine     . 

Yellow 
Yellow 


= 2nd  mag.*  '  Bluish  White.. 

Urge  


Duration. 


1  second 


1  second . 


Position,  a 

Altitude  aa 

Azimuth, 


Froi 


Csj 

axrt 
and  *  H 
to  a  poin 
little   abovf 

South    of   m 

drse. 
Appeared    mil 
between    I 
iy     Hydra, 
"  terra 


onocero!* 
From  a  point  a 
midway  ben 
if  and  7  >V. 


1  second From  near  A  a 

Can  am     Vt 


About  1  sec 


2  seconds 


= 3rd  mag.*   Yellow 


I  second . 


=3rd  mag.*    ,  Bluish  white.. 


coram  tows 
Bootis. 

Commenced  a 
altitude  of 
40*;  aa 
18°  14'  W. 
N. ;  diaapps 
at  altitude 
azimuth  23* 
from  N* 

Prom  a  point  a 
4°  from  <?  On 
Venaticonua 
pasaed  at 
that  star 
wards  c  I 
Majoris. 

Disappeared  1" 
v       Cygni 
warda  y, 

Disappeared  \ 
near  +  Aa: 
medss. 

Pasaed  aerost 
and/3  Carwri 


= 2nd  mag.a   '  Wbite 


I  second |Prom  I  Corona 

j     9  Hercolis. 

\  second From  the  drat 

of  C ;  past  *  \ 
\     wards  cB»u 

1  second  ...Moved  on  a  si 
parallel  to  a* 
joining:  *  ax.' 
Coronjc. 
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irmace;Tnrin,ifany,   Length  of 
iod  its  Duration.  Path. 


10  train  -25° 


to  train 


10° 


I 
m  train  5 


Mtrain  15° 


I  into  many  fragments  . 


I  (rain 


12° 


strain   . 
A  twice. 


tan  or  sparks ..... 

loo  train  »i°. 

4 

i  no  train  ....  3° 
i 

I 


Slightly  curved 


Inclined 


Inclined 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


To    the  right,  a  little 
downwards. 

Perpendicularly    down- 
wards. 


Inclined 


Remarks. 


Observer. 


..  Arthur  Harding. 

.    I      "1   l:F  ' 


?  *H . ). .  ?.  .ti  .**  r.'t .  *».  V^r.T 


No  report  or  noise  heard 


Moved  slowly T.W.  Backhouse. 


nest  Jones. 


Thomas  Wright. 


Arthur  Harding. 


T.  H.  Waller. 


Arthur  Harding. 


Id. 


A  considerable  fireball.. 


.  Inclined 


W.  C.  Nash. 

Lea  Monde*,  2nd 
Ser.,vol.ii.p.  7 


In  one  hour,  3  meteors :  A.  S.  Ilerschel. 
sky  chiefly  clear;  no' 
moon  ;  one  observer.  | 
'Thomas  Wright. 


Id. 


ii  2 
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REPORT — 18C6. 


Date. 


Hoar. 


Pltcc  of 
Observation. 


Apparent  Size. 


Colour. 


1866.  j  h  m  i 


Apr.  23 


May  4 


10  55  p.m.  London    j  =  «  Gerainorum...  White 


10  52  p.m. 


4  10  54  p.m. 
4  11  20  p.m 


4  11  38  p.m 


4  11  45  pan. 


7   1  40  p.m. 


9  53  p.m. 


11 


11 


10  50  p.m, 


11  14  p.m, 


11  11  18  p.m 


11 


11  25  p.m. 


11,11  32  p.m. 
11  11  45  p.m 


11  11  53  p.m. 


Hawkhurst 
(Kent). 


Ibid. 
Ibid. 

Ibid. 

Ibid. 


Lady  well,  Lewis- 


Blackhealh  , 


Hawkhurst 
(Kent). 


Ibid. 
Ibid. 

Ibid. 


[bid.. 
Ibid.. 


Ibid. 


=3rdmag.«   (Yellow 


Duration. 


Position,  a 

Altitude  ar 

AtimuibJ 


= 3rd  mag.* 


White 


= 3rd  mag.*   White 


c  1st  mag.* 


Yellow,  then 
redduh. 


=3rdmag.*   White 


=3rd  mag.* 
=3rd  mag.* 

=3rd  mag.* 

=2nd  mag.* 
= 2nd  mag.* 

=2nd  mag.* 


2  seconds 

0*9  second 

0*6  second 
0*7  second 

1-2  second 

0*4  second 


Blue    . 
White  . 

Yellow 

White  . 
Yellow 

White  . 


=2ndmag.»  I  White 

= 1st  mag.*    White 

=2nd  mag.«   j White 


I 


j  From      near 
!     above  «  Gd 
turn   to  III 
low  w§  ami  j 
I      rigae. 
.  From   i  (YDi 
nis,  £  Unci 
j     joris)  to  j  \ 
I      Majoris. 
,.  From  b  Canon 
I     liaticorwu   1 
1      Ursae  Majcnl 
/Disappeared  I 
Cametopiri 
course     hi1 
from       c 
con  is. 
From  rto  IC 
Berenices; 
mencing  ut 
far  before  r 


4  second 


1  second . 


0*8  second 


0-5  i 

1*5  second 

0*6  second 


I  second  ... 
0*7  second 


Prom  9  Dracoi 

;  *  (r-  r)  ' 
Minora. 

Fell  vertically 
a  point  mk 
between  *  *' 
Librae. 

From  a  point  1 
2°  E.  of  /3  L: 
fell  past  7  Li 
and  disappe 
near/3  Scarp 

Disappeared  a 
Draconis;cr» 
halfway  fro* 
Bootia. 

Disappeared  at 
Tarandi. 

From  M  Caw 
pardi  to  * 
CamdopardJ. 
Custodis). 

Appeared  at  r  < 
phei ;  coenc 
of  the  way  a 
Cassiopeia?. 

From  p  to  q  Cm 
lopardi. 

Prom   c  Cephes 
i  (p  Casu- 
al HonoruTTi . 
^From  II  to  £  V 

I    conis. 
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enott;  Train,  if  any.  Length  of 
sad  its  Duration.  Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


nhr;    left   a   alight 


About  30°.. 


tiKB  or  sparks . 


To  right,  inclined  down- 
wards. 


.  T.  Crumplen. 


•  A,  S.  Herschel. 


train  or  sparks . 
train  or  iparks  • 


■spesred  gradually 


tain  or  sparks. 


Baotraiu 


oils  or  sparks . 


>  bus  or  sparks  . 
1  tnis  or  iparks  . 


Id. 


fd. 


Id. 


3° 


Perpendicular . 


Eight  meteors  in  I  hour:  Id. 
clear  sky;    moon  in 
third    quarter ;     one 
observer. 


I 


10°  Pell  perpendicular  Descended  with  a 

vering  motion. 


J10° 


Directed  from  %  Dra- 
conis.  i 


F.  Trapaud. 
Thomas  Wright. 

A.  S.  Herschel. 


»tnia  or  sparks ' Ve,7  »wift 


**  fussily  brighterl0 ' Xear,y  slltion,ry 

"tdttai  leu;  no  train.'  t  | 

•Mspesredsudaenly;  no! 

te»  or  iparks. 


•I" 


onihi  or  iparks. 


Twelve  meteors  counted 
in    one    hour.      Sky 
nine     parts     clear 
no  moon ;   one   ob- 
server. 


Id. 

V 

Id. 

Id. 
Id. 

Id. 
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17 


11     0  p.m. 
(approx.) 


10  38     1 
p.m.    , 


17  10  41  36 
I    p.m. 

17  11    8  36 

p.m. 

18  10  46  44 
p.m. 


18 


10  51  34 
p.m. 


18  10  53  30 
p.m. 

18  11     5  45 
p.m. 


1811  11    9 
|     p.m. 

i 
18  11  11  34 
p.m. 

18  11  29  49 
p.m. 

18  11  40  52 
p.m. 

1811  41  59 
p.m. 


Ibid. 

Ibid. 
Ibid. 


As  bright  as  Venus. 


As  bright  as  Venus 


Royal  Observa- 
tory, Green- 
wich. 


Ibid. 

Ibid. 
Ibid. 

Ibid. 

Ibid . 
Ibid. 
Ibid. 
Ibid . 


=3rd  mag.* 
=3rd  mag.* 
=3rd  mag.* 

=3rd  mag.* 


=3rd  mag.« 


=2nd  mag.« 


Brighter  than  a  1st 
mag.«.  Nearly 
equal  to  Venus. 


=  1st  mag.*.. 
=  lst  mag.« 
'  =  1st  mag.* 


Duration* 


Bluish  white ..  3  seconds 


Bluish  white... 


Blue 


Bluish  white...  0*4  second 


1  second  , 


2  seconds. 


White  

Bluish  white... 

Bluish  white- 


Blue 


i  second .. 
0-4  second 

0*3  second 


I  second  , 


Bluish  white...  I  second  .. 


Yellowish 
white. 


Bluish  white... 
Bluish  white... 
Bluish  white. 


1*5  second 


,  =  1  st  mag.*    '  Bluish  white... 


1  second  .. 
1}  second 
4  second  ., 
1  second ., 


1 

Position,  sfc 

Altitude  aa^i 

Azimuth,    i 

" % 

From  a  posrf 
little  below  1 
W.  of  xLedl 

gassed     mi4 
etween    «   . 
if  Hydrae  torn 
Procyon. 
In  S.,  aboTe  SI 
pios. 


.  First  seen  T  tf 
below  filM 
moTed  wesra 

Fusing  am 

Regnlus. 

.  Disappeared  4 
to /J  Virginia 

,  Disappeared  I 
t  Virginia. 

.Fell  from  the 
rection  of  £,  | 
f  Bootis,tow* 
Saturn. 

.  Moved  past  Pol 
and  m  Cqpl 
Line  jrosi 

those  stars  pas 
lei  to  track 
meteor. 

,  From  the  dir 
tion  of  c  Bof* 
across  w  and 
Bootis. 

.  From    a    point 
or      2°      S. 
i     Craterts 
a     point     a"- ci 
the     same     4 
tance      from 
Hydra. 
...  Passed    from    r« 

I    /3  Ursse  Minos 

!     to  a    point  da 

I     q  Camelopani' 
From    €    Lyra?    j 
a    point    near 
Cygni. 

•  From  •  Cephei  t<* 
point  2°E.o/ 
Cassiopeia-. 

•  From  y  Draco* 
towards  &  O 
phei. 

From  j*  to  C  Opi. 
uchL 
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raoee;  Trim,  if  any,  Length  of 
ind  iU  Duration.         ,      Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined,, 


Remarks. 


Observer. 


I 
ro  train  'S6P 


Inclined 


x 


ilia  noticed j25°  or  more  Inclined   slightly    from 

horizontal, 


I 


Directed  from  Arcturus 


co  train   5° 

i 
co  train  5°  or  6°    ...  Directed  from  e  VirginU 

i  I 

to  train  12°  Perpendicular 


a?  train  '5°     'Inclined 


End  of  path  not  seen  on 
account  of  obstacles. 


■  bo  train 


Jl5° 

i 

I 


taotrain  10' 


e   train ;    lasted   one  10° 
«wod  after   the  me-' 
*«»/»  disappearance.      , 

"afioetra:u '18° 


Inclined 


Perpendicular . 


,  Inclined 


*  a  fine  train '14°  Nearly  perpendicular 


lv. 


I 


or  8 


Thomas  Wright 
andG.W.Farn. 
comb. 


W.  C.  Nash. 

Id. 

Id. 

Id. 

W.  C.  Na*h  ; 
Thomas  Wright. 

Thomas  Wright. 

Arthur  Harding. 

Ernest  Jones ;     ' 
Thomas  Wright.; 


W.  C.  Nash ;       i 
t    Ernest  Jones. 


Id. 


eft  4  lie  train 122° 


,\V.  C.  Nash  ; 
i  Ernest  Jones ; 
,  Thomas  Wright, 
W.  C.  Nash. 


|W.  C.  Nash ; 
Thomas  Wright 
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Date. 


1866. 
May  18 


IP 


Hoar. 


h  ra    s 

11  44  19 

p.m. 


11  45  14 


p.m. 


18  11  47  49 
p.m. 
I  12    0  p.m. 


18 
19 

19 


19 


19 


0  26  25 
p.m. 


0  30  l.m. 


1    0  a.m. 


Place  of 
Obsenration. 


Royal  Observa- 
tory, Green 
wich. 


Ibid. 

Ibid. 
Ibid. 
Ibid. 

Ibid. 


Ibid. 


Apparent  Size. 


=lst  mag.« 


=2nd  mag.* 


=lstmag.«... 
=2nd  mag.« 
=2nd  mag.* 

=2nd  mag.« 


=  lst  mag.« 


Colour. 


YeUow 


Duration. 


Position, « 

Altitude  t?l 

Azimuth. 


Bluish  white... 


Bluish  white... 
Bluish  white... 
Bluish  white... 


Bluish  . 


1  second From     m    Cearl 

i     Borealis;  ptf 

midway 
1  tween  I 
I     Boots*. 

0*5  second  ...'Moved  past  y  I 
i  P  .  Opbiacb. 
j  Line  joffi.ni 
those  stars  pa 
lei  to  track  , 
1     meteor. 

1  second iPell  past  *  tat 

I     Bootis. 

0*5  second  ...  Afored  pasts! 
I     cOphiucai. 

1  second From     $    Cam 

I  Borealis;  si 
!  ar  IfercuEs  1 
I     -wards     c    ft 


\  second From     the 

tion  of 


2  50  a.m.JLondon    =3rd  mag.« 


Bluish  white...  I  second 


>a 


White 


20  11  23  p.m. 


Junel3  12  30  to 
12  45   a.m, 


20 


10  40  a.m. 


Ibid. 


Hawkhnrat 
(Kent). 


=3rdmag.*    While 


ftf  ajoris ; 
between  a  1 
X  Ursae  Mr 
ris  to  a  pa 
near  &  LeJ 
Minora.  ! 
•From  a  point  i 
or  3°  left  of 
Ursae  Majwi 
fell  vertnnJ 
towards  the  s 


1-2  second  ...  From  \  (y,  A)  1 
otia  to  "7  Ufi 
Majoria. 

0*5  second  ...From  v  to  t  Cjj 


20  10  45  a.m. 


East  Hill,  Hast-iVcry  bright  meteor, 
tog*.  I      '  1 

Folkstone... 


Large  meteor ' ; .Traversed  the  a) 

i  I  '     at    an   eleratt 

I  I  !     of  about  45. 
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trance;  Train,  if  any, 
md  its  IHmtion. 


Length  of 
Path. 


Direction ;  noting  alto 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


i  fine  train 


20° 


Inclined 


no  train 


...5* 


ao  train 


a  fine  train  ... 


J6° 

J.r 

20° 


Perpendicular . 

Inclined  

Inclined  


Inclined 


20° 


Perpendicular . 


train  or  sparks 
train  or  sparks  , 


itS-shaped ;  left  a  long 
ktreak  in  the  sky  visiblej 
for  ahoat  &  minutes. 


N.E.  to  S.W. 


W.  C.  Nash ; 
Thomas  Wright. 


Id. 

Thomas  Wright. 

Id. 

Id. 

Ernest  Jones. 


W.  C.  Nash. 


A.  S.  Hcrschel. 


1 


ft  a  perfect  train 
nnoke,  which  remained 
iistiiielly  risible  for! 
kome  time,  and  gredu-j 
Uly  dispersed  over  thel 


From  N.  to  S. 


One   meteor   in  thirty  Id. 
minutes  ;    clesr  sky ; 
half  moon  ;   one  ob- 
server. 

A  strict  watch  kept 
for  meteors ;  none 
seen;  clear  sky;  no 
moon. 

Followed  by  two  reports 
like  thunder  imme- 
diately afterwards. 


Id. 


J.  Shudy,  Coast- 
guard Report, 
Hastings. 


Seen  shining  brightly, 
Atmosphere  quite 
clear.  Four  or  five 
minutes  afterward.* 
a  double  report 
was  heard  much 
louder  than  two 
pieces  of  ordnance 
fired  on  the  heights 
of  Dover. 


The   •  Times/ 
June  21st 


ewib* — l*BL 


%*#*.        ?Lcnr. 


lactam:  Est  Cuanr. 


Amu/'. 


2*;*  4i  *j».  3Anin^ne 


2*10  4i  *jm  Tfa^nrst,Saf*?r  Half  as  large  as  the Flight  not  ra-  Appeared  in  E. 

noon,  and  very  p*d;  motion       N.  at  an  ilrti 

much  more  bril-  smcoth  and 

liant    than    the  regular; 

moon  when  seen  gliding      in 

in  the  day.  its  comae  as 

a    heavy 
body  might 
be  supposed 
!  to  do. 

20  10  i't  a,m,]Penshor»t,KenL.  The  length  of  the  White  and  red  Motion  rapid ;  About    35     th 

meteor  was  about  more    thau'     the  horizon. 


of  159,  and  I 
appeared  iaS 
at  aa  altitude 
5°. 


I 


I 


2  seconds. 


once  or  twice  the 
j  J  apparent  diameter 

I  of  the  moon. 

20 10  45  s,m.  Steyning,  Sussex  Large  meteor,  very  Almost  white,  10  seconds  ;     Came     from    i 

bright.  ,    tail  red.       ,    steady    mo-i     N.B.,  and  pas 

1  '    tion.  ,     into  the  S.W. 


£011    0  p.m.. Boulogne 
(Paris  time). 


Position  of  the  ui 
from  altitude  S 
magnetic  azira: 
(E.fromN.)^ 
to  altitude  4 
magnetic  artmi 
(E.  from  N.)  19! 
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! 

Direction ;  noting  also 

ince;  Train,  if  any,.  Length  of 

whether  Horizontal, 

Remarks. 

Observer. 

id  its  Duration.         |       Path. 

• 

Perpendicular,  or 
Inclined. 

; i 

From  a  point  N.W.  to  S. 

In   about   30  seconds, 
a    loud    report   was 

'Evening   Mail/ 
4  Times,'  &c 

i 

1 

heard   from   the  di- 

rection  in  which    it 

disappeared. 

A  loud  report  shook  the 
houses;   the  first  re- 

Communicated 
by  Sir  J.  Her- 

port  was  sharp  and 

schel ;      He*- 

decisive,    but    there 

keth  Smith. 

ensued  a  dull  noise, 

which  lasted  several 

seconds,   and   which 

appeared    to    recede 

equally  on  all  sides. 

From  a  window  was 

seen  a  long  strip  of 

• 

'   vapour,      not     very 
high    up    and    of    a 

I    uniform  pattern,  very 

delicately         traced, 

|    which    was    noticed 

by    others     a     con- 

siderable   time    pre- 

vious   to    the    first 

shock. 

*ed  by  s  short  train, 

The  day  was  fine  bnt 
partially  clouded,  and 

Communicated 
by  R.  Coving- 

ocb appeared  to  draw 

t  point  behind  the 

the    sun    shone    out 

ton. 

id,  and  rapidly  died 

very  dearly  and  warm 

t 

at  intervals.  (See  Ap- 
pendix II.,  6.) 

trancing  end   was 

80°  

N.W.    to    S.E.,   nearly 

Moved  across  the  clear 

J.  Nasmyth. 

i»i*ot    red,   with    a! 

parallel  to  the  horizon, 

sky,  and  disappeared 

behind    a    mass    of 

•'tyw  or  head. 

dine  to  S.E. 

clouds ;     no     report 

1 

heard. 

wed  by  a  very  long1 

N.E.toS.W.  

Sun    very    bright,  and 

Edmund  Young. 

»7  toil.    Presented  an- 

a  clear  sky.    A  rail- 

*  of  a  Ttry  large  circle. 

way  train  near   pre- 

vented  anything  else 

being  heard. 

m?  narrow  amokdike 

An  explosion,  followed 
by  a    low  and  con- 

F. Galton. 

ri*  rtmaiacd  in  the 

*y.  where  a  final  pinT 

tinued  rumbling,  was 

Mrkri   tbe   place    of 

heard.     The  meteor 

jjrtoioa  with  perfect 

itsdf  was  not   seen. 

ktiDctneu. 

(See  Appendix  II.,  6.) 

yjk 


Altitude* 


2*  12  a  as^Idl  3 
2*11  U  nn  3nri» 


First  sppeiraii 
fi      Lyre,   I 


**  * 


.5* 


*■*. 


1111  t  •»    a*i 

11   31    pJL- 

1*  •  *•  njn-rrimm 

=2arfnr3rtimfle: 

1*11  »  fLm  Ml 

s^^«  — 

-•* 


Hercofis  ai 

pearing  hd 
buildings  it 
W.S.W. 
.  llored  along  the 
above  the  aj 
edgeofadarica 


.  Three  ruber  hi 

BboOtJBg- 

near  7  Pega^ 
.  Commenced  tfj 
Ljnc 


1*1137  •■Mbid. 


1$  10  35  f>m,  Birmingham 


=3rdmaa>» 
»lsti 


1*10  42  f.mA\M. 


=2ad  magj*  —., 


1A 10  46  p,m.  Ibid  .„„.„„„„.  »2ndmag>* 
10 10  45  p,m.  Ibid -3rd  mag.* 


1611    0  p,m.  (Mil -2nd  mag.* 


Te&ov .—_...  0-5  i 
TeDow |  , 

White  •—•....  0-5  second 

I 

Blue    0-5  second 

TeDow 0*7  second 

White  1*2  second 


..  From     •    Aqe 
,     to  k  Scuti  i 

btesii. 
..  From  €  AqcSc 

a  point  in  ft 

263%   N.  rH 

9°. 
..  From  )  Crgni  » 

point    in    R. 

295%   X.  Dei 

32°. 
..  From  m  Cygm  to 

Sagiitst. 
..  From  42  (R>  Dr 

conis  to  <£  Ito 

conis. 
..  Fmn  2°  S.  of 

Camclopardi 

1°  N.  of  0  I  t4 

alajoris. 

H 
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arance;  Train,  if  any, 
aid  its  Duration. 


Length  of 
Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


I' 


ol  in  form.  Four 
Dtj  u  long  as  broad. 
kad  vat  an  ellipsoid,' 
ua  its  major  axis  per- 
esfealar  to  the  appa- 
&t  coarte  of  the  me- 
at, followed  by  a  very 
tea«krtail70  or  8°  in 
■pa, 


Nearly  60° 


tdgfct  trains. 


About  5° 
2° 


Lyra, 


uatrain. 


Apparent  course  i  per- 
feet  right  line. 


A  shock  like  that  of  a 
heavy  body  falling 
over  head  shook  the 
houses  and  windows, 
and  startled  labourer* 
in  the  fields.  There 
were  two  reports,  the 
first  from  S.W.,  the 
second  from  N.E.  or 
E. ;  the  second  sound- 
ed like  an  echo  of  the 
first. 

Por  noonday,  it  was 
marvellously  distinct. 

No    sound    was    heard 


The 
R. 


'Times,' 
P. 


during   or   after 
disappearance. 


it* 


The  '  Times/ 
J.  Vertu. 


Seen  in  sunshine.. 


inclined  downward*  to 
left. 


No  meteors  visible  in  30 
minutes :  clear  sky ;  no 
moon ;  one  observer. 

Radiant,  near  y  Pegasi.. 


ft  a  train 


nnuiwtptrki. 
0  lr»a  or  sparks  . 


^awaken  its  whole. 
******  14  vxond. 


Directed  from  icLyrac'Sbort  path,  curved  to 
wards  «  Lyrsc. 


Communicated 
byA.S.Herschel, 

A.  S.  HerscheL 
T.  Crumplen. 
Id. 


Radiant  in  Cassiopeia  or 
Perseus. 


Radiant  in  Cassiopeia  or 
Perseus. 


Id. 

W.  II.  Wood. 

Id. 

Id. 
Id. 

Id. 
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Date. 

Hour. 

1866. 
July  17 

h  m 

8  52  p.m. 

17 

11    0  p.m. 

17 

11  20  p.m. 

17 

11  29  p.m. 

Place  of 
Observation. 


Eidtjord,Norway, 
N.  lat.  60°  20', 
W.  long.  7°  8'. 

Uawkhurst 
(Kent). 

Ibid 


17 
17 

17 
18 

Aug.  4 

4 
5 

5 

5 


11  37  p.m. 


Ibid. 


Ibid. 


II  3d  p.m.  Ibid 


11  58  p.m. 

11  28  p.m. 

9  54  p.m. 

10    5  p.m. 

9  56  p.m. 

9  57  p.m. 

10  42  p.m. 

9  20  p.m. 


7 1  9  40  p.m. 

8;'About  8  15 
p.m. 


Ibid . 
Ibid. 


Primrose  Hill 
(London). 


8   8  15  p.m. 


Ibid. 
Ibid. 

Ibid. 

Ibid . 

Ibid. 

Ibid. 


Hawkhurst 
(Kent). 


Bristol 


Apparent  Site. 


Par   briahter  than 
the  full  moon. 


*=2nd  mag.* 
e=lst  mag.* 

«=2nd  mag.* 

«=  2nd  mag.* 

«=  2nd  mag.* 

a  2nd  mag.* 
=  2nd  mag.* 

=3rd  magi* 


=/3  Aquilac ... 
=2nd  mag.* 

=lst  mag.* 

■•  Aquilse... 

»lst  mag.* 


=•  Lyras., 


Nearly  half  as  large 
as  the  moon  and 
much  brighter. 


Large  meteor 


Colour. 


Bright  green.. 


White 


White,     then 
deep  red. 


White, 
red. 

White  . 


then 


White 

White 
White 


Yellow 
White  . 


White 

White 

Pale  blue.. 

Pale  blue.. 


Duration. 


0-9  second 

7    seconds ; 
well  counted. 

1*1  second  .. 
0*6  second  ... 


0*4  second ; 
very  swift. 


0-3  second  ; 
▼ery  swift. 

0*6  second  .. 


Rapid 


0-5  second 
Rapid  


0-5  second 


Position,  a 

Altitude  m 

Azimuth. 


Disappeared  | 
W.N-W„  pa 
23°  in  altita 

From  0  to  «  C 

Prom  0  Opt 
to  i  («•,  <r 
gittariL 

Disappeared 
(v,a);  course 
way  from  q  C 

Commenced  i 
Caaaiopei*. 


Prom  ft  DracM 
«  3  HerculiSi 


Prom  it  to  c  ti 


Prom  0  to  m 
dromecbe. 


Centre  of  pat) 
tween  p,  o  1 
Poniatorii. 

Commenced  i 
Aqmlae. 

Prom        near 
Aqmlcev  to  m 
Aquarii. 

Commenced 
P,  y  Lyne. 


Prom  near  y  C 
to  m  AquDc. 

Moved  slowly.  Prom  y  Delphi 


White  or  yel- 
lowish. 


Rapid  motion 
3  seconds    ... 


Appeared  at  «1 

Prom  alt,  25\ 
moth  W.  fro: 
110°,  to  alt. 
azimuth  V.  I 
S.65<\  Ap;i 
mate  posai 
measured  tone 
afterward*,  fr  j 
bearings. 
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irtnce;  Train,  if  any.  Length  of 
Dd  its  Duration.  Path. 


Direction ;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Obscrrer. 


5°  or  10°  long  ;  also  At  least  50° 

ke. 


(See  Appendix  II.,  7)... 


tia  or  sparks  , 


test  at  middle  of  its... 
b ;    grew    gradually! 
u  No  train  or  sparksJ 

i  streak  for  2  seconds  2 


Directed  from  Algol  ... 


T.W.Backhouse. 

A.  S.  Herschel. 
Id. 

Id. 


a  streak  on  its  whole  15°  or  20°.. 
an*  for  2§  seconds. 


stot  at  the  middle  of 

I  none.       Left    no 

reak. 

tttrtak  on  its  whole, 

*wic  for  2  seconds. 


tittnak  on  its  whole 


(•broad streak  on  its 

*o!e  coarse, 

it  tag  bright  streak.. 


Fifteen  meteors  in  one  Id, 
hour :  clear  sky  ;  no! 
moon ;  one  observer. 

Meteors   with   streaks,  Id. 
shooting    from     the 
10th  of  Aug.  radiant, 
in  Perseus  and  Csssi< 
opeia  since  the  15th. 


10° 

5° 


Directed  from  Perseus. 


Downwards,  parallel  to 
the  Milky  Way. 


Seven  meteors  in  thirty 
minutes :  clear  sky ; 
no  moon;  one  ob- 
server. 


7  bright,  planetary  ap 


Slightly    upwards, 
wards  g  Aquilso. 
Downwards  to  left . 


to. 


A  perceptible  planetary 

Cloudy  on  the  night  of 
the  6th. 


10°  or  12°.. 


tbt    plsaetary     disk.  20° 
*«   s   train    5°    in 
eogth.  | 

**sptd:  grewgradii-8° 
Uly  lesa. 


Downwards,  almost 
right  angles  to  Milky 
Way. 

Downwards,      cr 
the  Milky  Wsy. 


Directed 
Cygni. 


towards     p 


"Hi  longer  than  broad,  50° 
£wi»g  behind  to   a 
*■  Wtt*pearedwith- 
•*  bwiting.     Left  a 
weak  for  some  seconds. 


Directed     towards     ft 

Herculis. 
Inclined  '. 


y 


atjOccurred  while  record- 
ing the  previous  me 
teor. 
crossing  Two  small  meteors  at 
]Qh  iQm.  no  others 
seen  for  10  minutes, 

Followed  by  a  smaller 
meteor  from  y  Del- 
phini  within  16 1 
path  more  horiaontal, 
to  left. 

Path  intercepted  by 
buildings. 

Seen  in  full  twilight, 
Passed  in  its  transit 
behind  a  tree,  through 
the  branches  of  which 
it  shone  as  brightly 
as  a  lantern. 


Id. 


Id. 


T.  Crnmplen. 

Id. 
Id. 

Id. 

Id. 

Id. 

Id. 

Communicated 
byA.S.Henchel 


Communicated 
by  W.H.Wood, 
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REPORT 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Appareut  Size. 


Colour. 


Duration* 


Positim,*  I 
Altitude  oftl 


t 

FroaOtox^sJ 


From  50s +J| 
to  48  +i 
Fromi(-C<£ 

Polaris)  ttfl 

laris. 
FromXAodroatj 

tosOpbe.  ■ 
From  •  Cqsbaj 

Polaris. 
From   «  Trimi1 

to«Arietk 

From     5;  -  f 

to  548  -Hi 
From  y  Una  4 
toCorCsf 
From     •    t» I 

Aquaril       • 
Penal 

R.  A.   60%  I 

DecI3*c. 
Prom   v  Penal 

Musca. 
From  0  Una  Mj 

ioris    to  &l 

115°,  N.  Bd 

50°. 
From  s  Lyi«» 

OphiochL 
From  p  to  •  Ml 

From  •  Bouts; 

R.  A.  2*M 

DecLJO*. 
From  rf  to  «  li 

Majoris. 
From  c  Cjgai » 

Delphtoi. 
Commeaced     I 

from  x  Pen* 

From  «  Tri«4J 

to  RA.»^ 

DeclU3. 
FromiDnwMl 

Corooe 
From  k  Ophid 

toRA.243e.X 

DecL6°. 


1866. 
Aug.  8 


8 


h  m 
11  20  p.m. 


11  27 


Birmingham 


p.m.  Ibid , 

11  31  p.m.  Ibid 


811  33 
8  11  35 
811  39 
8  11  43 


p.m.  Ibid . 
p.m.  Ibid . 

| 

p.m. 'Ibid. 

i 

p.m.; Ibid , 


11  49 
11  51 
0    7 

0    7 
0  12 


p.m. 
p.m. 
a.m. 

a.  to. 


9  47  p.m. 
10  22  p.m 
10  26  p.m. 


10  40  p.m 
9  10  56  p.m 

9 10  57  p.m 

911  0  p.m 


11    3  p.m. 
11    6  p.m 


Ibid. 
Ibid. 
Ibid. 

Ibid. 
Ibid. 

Ibid. 
Ibid. 
Ibid . 

Ibid . 
Ibid. 


Primrose  Hill 
(London). 

Birmingham    . 


Ibid. 
Ibid . 


«3rdmag.»   

As  bright  as  Siriuf., 

—2nd  mag.*   

= 2nd  mag.*   

=2ud  mag.*  

=2ndmag.#  

=3rd  mag.«    

=  1st  mag.*    

=2ndmag.#  

As  bright  as  Sirius., 

=3rdraag.#    

—  1st  mag.*    

Brighter  than  1st 

mag.# 
=  lstmag.«    

=2nd  mag.*  

■=2ndmag.#  

c=2ftdraag.#  

«=lstmag.# 

=3rdmag.#   

-3rdmag.#   ..... 
As  bright  as  Sirius, 


Blue 


Brilliant  blue..  0  75  second  . 

I 

Blue    0-5  second  . 

Blue    0-5  second  . 


I 


Blue 
Blue 
Blue 


White  

Blue     

Orange  colour 


Blue 
White 


0  4  second  . 
0-5  second  . 
0-5  second  . 

0*5  second  • 
0*75  second . 
0*75  second . 

0-3  second  . 
0*25  second . 


Brilliant  blue. 
Orange  colour 
Yellow 


Orange  colour 

Yellow 

Palebittft... 


0-5  second 
0*5  second 
0-5  i 


Blue 


Blue    

Brilliant  white 


1  second  . 


05 


0*3  second ; 
very  rapid. 


A  CATALOGUE  OP  OBSERVATIONS  OP  LUMINOUS  METEORS. 
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mice;  Train,  if  any, 
sditi  Duration. 


tnio 


Length  of 
Path. 


Unit.. 


iRdtnin 


*spirkled. 


itnin 


V>w*ibhiiA  streak 


?«***« 


10° 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Directed  from  3  Persei. 


Directed  from  b  Came- 

lopardi. 
Directed  from  3  Persei.. 

Directed  from  v  Persei., 
Directed  from  v  Persei.. 


Directed  from  p  Cephei 

Directed  from  8  Andro- 
meda. 
Directed  from  p  Cephei 

Directed  from  P  Cephei 

Directed  from  8  Persei. 


Directed  from  c  PerseL. 
Directed  from  p  Cephei 
Directed  from  e  Persei, 


Directed  from  *  Came- 

lopardi. 
Directed  from  P  Came- 

lopardi. 
Directed  from  x  Persei 

towards  a  point  3|" 

below  Polaris. 
Directed  from  *  Pertei. 


Directed  from  8  Persei. 
Directed  from  P  Persei. 


Remarks. 


Distant  lightning  in  N, 
at  10h25B  p.m.;  cloudy 
and  showery  until  ll*1 
10m  p.m.,  then  clear. 


This  meteor  and  the 
following  were  simul 
taneous. 


Observer. 


Twelve  meteors  observ- 
ed, and  recorded,  per 
hour,  by  one  observer. 

Sky  clear  at  10  p.m.  ... 


Clouds  gathering.. 


Night  of  the  8th  rainy. 
Two  other  small  me- 
teors from  Perseus. 


Angular  path  thus , 


W.  H.  Wood. 

Id. 

rd. 

Id. 
Id. 
Id. 
Id. 

Id. 
Id. 
Id. 

Id. 
Id. 

Id. 
Id. 
Id. 

Id. 
Id. 
T.  Crumplen. 

W.  H.  Wood. 

Id. 
Id. 
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BEPORT 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position,  c 

Altitude  ai 

AximxAk. 


1866.    h    m 

11  11  pjn. 


Aug.  9 
9 


11  12  p.m. 


9 
9 

9 

10 
10 

10 

10 
10 

10 

10 

10 

10 

10 

10 

10 
10 
10 
10 
10 


Primrote  Hill 

(London). 
Ibid 


11  18  p.m. 

11  27  p.m 

11  57  p.m. 

0    6  a.m. 

0  14  a.m. 

0  21  a.m. 

9  49  p.m, 

9  50  p.m 

10  10  p.m. 

10  17  p.m. 

10  19  p.m 

10  21  p.m. 

10  22  p.m. 

10  31  p.m, 

10  40  p.m 

10  52  p.m. 

10  52  15  „ 

10  55  p.m, 

11  3  p.m. 


Birmingham 
Ibid 


Ibid. 


Ibid. 


Primrose  Hill 
(London). 

Birmingham    . 


Ibid. 
Ibid. 

Ibid. 

Ibid. 

Ibid. 

Ibid. 

Ibid. 

Ibid. 

Ibid. 
Ibid. 
Ibid. 
Ibid. 
Ibid. 


=3rd  mag.*   .., 
=2ndmag.«  ... 


=2nd  mag.* 
=2nd  mag.* 

=3rd  mag.* 

=3rd  mag.* 
=lst  mag.* 


White 


White 
Bine 

Blue 


Blue     .... 
Pale  blue. 


=Siriu8 


= Sinus  

=3rd  mag.* 


= 3rd  to  4th  mag.* 
=3rd  mag.*  .., 
=3rd  mag.*  ... 
= 2nd  mag.*  .., 
=lst  mag.*  .., 
=lst  mag.*    ... 


Brilliant 
yellow. 

White  .  .. 

Blu 

Blue     .... 

Red 

Blue    .... 

Blue    .... 

Red 

Red 


=3rd  to  4  th  mag.* 
=2nd  mag.*  ... 
=3rd  mag.*   ... 
=lst  mag.*    ... 

--n 


1  second  . 

1  second  . 
1  seoond . 


Blue     

Red 

Blue     

Orange 

Brilliant  white 


0*5  second  ... 

0*5  second  ... 

0*5  second  .. 

0-5  second  ... 

0*4  second  ... 


0*5  second  ... 
0'5  second  ... 
0-6  second  ... 
0*5  second  ... 

1  second 

li  second    ... 

0a5  second  ... 

1-5  second; 

slow  motion, 
0*5  second  ... 


1  second 

1*3  seoond  ... 


First  appeared! 

|     y  Draccsn. 

First  appeare* 
y  AndK 
Passed  bet* 
P  and  *■  Pe 
and  onwana 
wards  tbe 
rtzoii. 

From  x  Penal 
Cassiopdr. 

From  e  Ur»  1 
joristoR.A.1! 
N.  DccL  4S* 

From  7  Piaoca 
R.  A.  35T, 
Decl.  33. 

From  fi  Boaa 
/3Hercii]a- 

Ccntre  of  ptta 

below    8 

Majoris. 

From  R.  A  fl 
N.  DecL  24: 
■yOphiuefei 

From  f*  Boom 
Serpenm. 

From     m    Cea 

Borealis 

Serpentis. 

From  R.A.  U 
8.  DecLlM 
Capriconi 

Prom  R.  A.  S 
N.  DecL  2f, 
mPeguL 

»=        h 

From  276°  -  I 

to      275  -I 
From  0  Aqosro 

R.  A.    300 , 

Decl.  6°. 
From  €  Aquilf 

R.  A.    276% 

Decl.  2*. 
From   R.  A.  fl 

N.  Decl.  54', 

P  Hercolis. 
From  «Dracoi» 

/3  Bodtis. 
From   8  to  /i  S 

pentis. 
From  /3  BoutU  « 

Serpentis.     , 
From  /3  Dracoc^ 

ic  Herctiil*.   i 

From  327°  - 11 
to     322   -I 
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iranee;  Train,  if  any, 
Jid  its  Duration. 


Length  of 
Path. 


Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 


Remarks. 


Observer. 


■10° 


a  momentary  streak  25° 
1  in  length.  I 


I  train. 


i  broad  bhrish  streak 


strain. 


Utram. 


nitiiu,., 


^^increasedfrom 


*  2nd 


***(?). 


^4     Lefti 


10° 


Directed  towards  i  (fi, 
y)  Ursa;  Minoris. 

Inclined  downwards  to 
left. 


Directed  from  k  Persei.. 

Directed  from  Camelo- 
pardos. 


Directed  from  near  B 
Camelopsrdi. 

Directed  from  K  Came- 
lopardi. 

Directed  from  H  Came- 

lopardi. 
Directed  from  H  Came 

lopardi. 

Directed  from  M  Came- 
lopardi. 

Directed  from  B  Came- 
lopardi. 

Directed  from  P  Persei. 


Meteors  scanty  for 
night. 

Sky  overcast 


Directed  from  B  Came- 
lopardi. 

Directed  from  c  Came 
lopardi. 

Directed  from  M  Came 
lopardi 


Directed  from  p  Came- 

lopardi. 
Directed  from  b  Came 

lopardi. 


Radiant,  near  •  Lyrae... 

The  longest  flight  of  the 
evening.  Sky  remark 
ably  clear. 


theT. 


Sky  clear  from  9»  90*  Id. 
p.m.    A  line  night. 

Id. 

Id. 

Id. 

Id. 


Rara  it  llh  10*  p.m 

Stars  visible  in  places. 


T.  Crnmplen. 
Id. 


W.H.Wood. 
Id. 


Id. 


Id. 
'.  Crnmplen. 


W.  H.  Wood. 


Id. 

Id. 

Id. 

Id. 
Id. 
Id. 
Id. 
Id. 
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REPORT 1866. 


Date. 


1866, 
Aug.10 


10 


10 

10 
10 
10 

10 

10 

11 

1] 
11 

11 

11 

11 

11 

11 
1] 
11 
1] 

11 


11    4  p.ni. 

11  19  p.m. 

11  31  p.m. 

11  32  p.m. 

11  39  p.m. 

11  42  p.m, 

11  49  p.m, 


Hour. 


11  54 
0    3 

0  6 
0    7 

0  16 

0  16 

0  17 

0  19 

0  20 
0  21 
0  22 
0  24 


p.m. 


a.m. 
a.m, 

a.m. 


a.m, 

a.m 
a.m, 
a.m. 
a.m. 


0  26  a.m, 


Place  of 
Observation. 


Primrose  Hill 
(London). 

Ibid 

Birmingham    , 

Ibid 

Ibid 

Ibid 

Ibid 

Ibid 

Primrose  Hill 
(London). 

Birmingham    . 
Ibid , 

Ibid 

Primrose  Hill 
(London). 

Ibid 

Birmingham    . 

Ibid 

Ibid 

Ibid 

Ibid... 

Ibid 


Apparent  Size. 


« 1st  mag.*. 


si  st  mag.*., 


»  2nd  mag.* 


-1st  mag.*.. 
=3rd  mag.* 
»Sirius  


b  Sinus 


^ist  mag.*., 
-n 


■  2nd  mag.* 
-3rd  mag.* 


» 3rd  to  4  th  mag.« 
=  ¥ ■ 


=  ¥ 

=Sirius 


-2nd  mag.* 
*3rd  mag.* 
-3rd  mag.* 
= 2nd  mag.* 

—3rd  mag.* 


Colour. 


Pale  blue . 


Pale  blue . 


Blue     . 

Blue  . 
Blue  . 
Yellow. 


Duration. 


Brilliant 
yellow. 


0  5  second  . 

0*5  second  . 

1  second  .... 
0*2  second  . 

0*75  second . 


Orange    ... 
Vivid  pale  blue 


White 
Blue 


0*5  second  . 
0*75  second . 


Blue     .., 
Vivid  pale  blue 

Vivid  pale  blue 
White  ... 


Red  . 
Blue 
Blue 
Blue 

Blue 


1  second 


1  second 


0'75  second . 


1  second ... 
0*5  second 
I  second  ... 
0*5  second 

0*5  second 


Position,  a 

Altitude  Ed 

Azimuth. 


From  D  to  |  u 

Urae  Majori 


From  near  1 1 

calis,  passed  i 


and  t  Quadra 

front  c  Pegssi  l 

AquariL 

Prom  e  Petal  I 

AquariL 
From  Z  U  5 

^    i 

From  337s+  i 

to     335  *« 
From      c 

medse  to 

355°,   ». 

15°. 
From     v    Ai 

medse  to  /J 

gasL 
Passed  from  01 

Minora  toil 

10°      belirv 

Lyrse. 
From  d  to  «  u 

Majoris. 
From  ^  to  on 

Urate      Mi 

and  3° 
From  the  Hi 

the    Lynx 

Draeonis, 
From  9  Ui» 

noria  to  I 

rantis,aad 

beyond. 
Firat  appeared 

PerseL 


From  c  Aoa3 
K.  A.  275D, 
DccLCr. 

From  m  lift* 
Herculis. 

From  SDrtcoai 
i  Hercnlfe. 

From  C  Dracoos 
w  Herculis.  ! 

From  R.  A.  311 
N.  Dcd.r.t 
Pegaai. 

From  C  Aqotri( 
i  (y  Aym 
CapriconuV 


A  CATALOGUE  OF  OBSERVATIONS  OF  LUMINOUS  METEORS. 


117 


eazuce ;  Train,  if  inyr 
and  its  Duration. 


Length  of 
Path. 


Direction;  noting also 
whether  Horizontal, 
Perpendicular,  or 
.    Inclined. 


Remarks. 


Observer. 


\  i  tag  bright  streak. 


ttnia.. 

titnio.. 

It  train., 

U  trail.. 
latnia., 


10°  or  12°... 


15° 


A  •  long  and  lasting 
*«*,  tapering  from 
w  centre  to  the  ends. 


*  »  long  and  lastingftO9 
***»,  tapering  from  the 
tt&tre  to  the  ends. 


Directed  from  B  Came 
lopardi. 


Radiant, «  Lyrae. 


Directed  from  M  Carae- 
lopardi. 


Thunder-storm,  and 
cloudy    sky    all    the 
earlier   part   of  the 
night. 

Another  from  the  same 
radiant  shortly  after. 


Rain  at  llh  25m  p.m. 
Stars  visible  in  south 
and  in  the  zenith. 

Sky  clearing   


Directed  from  c  Came- 
lopardL 

Directed  from  8  Persei.. 


Directed  from  H  Came- 
lopardi. 


Four  other  meteors 
about  midnight,  radi- 
ating from  ii  Came- 
lopardi. 


Conformable  to  B  Ca- 
melopardi. 

Inclined  downwards  to 
tbe  left. 


Directed     towards     a 
point  5°  above  Cs  pells, 

Directed  from  D  Came- 
lopardi. 

Directed  from  p  Persei., 

Directed  from  D  Came- 

lopardi. 
Directed  from  b  Came 

lopardi. 


Directed  from  d  Persei*. 


T.  Crumplen. 
Id. 

W.H.Wood. 

Id. 
Id. 
Id. 

Id. 

id. 

T.  Crumplen. 

W.  H.  Wood. 
Id. 

Id. 

T.  Crumplen. 

Id. 

Id. 

Id. 

Id. 

\V.  II.  Wood. 

Id. 

Id. 
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REPORT — 1866. 


Date. 


Hour. 


Place  of 
Observation. 


Apparent  Size. 


Colour. 


Duration. 


Position* 

Altitude  i 

Azimui 


1866. 
Aog.ll 

11 

11 

11 
11 

11 
11 
11 
11 

11 


11 


11 


16 


20 


25 


Sept.  1 


h  m    8 
0  26  15 

a.m. 

0  30  a.n 
0  31  a.m. 

0  37  a.m 

0  38  Lm 

0  42  a.m. 
0  44  a.m 

0  44  16 

a.m. 
0  51  a.m. 

0  53  a.m. 


0  59  a.m. 


1    0  a.m, 


10    5  p.m. 


9  16  p.m 


Birmingham 

Ibid 

Ibid 


'3rdto4thma*>ft 

*lstraag.» 

-3rd  mag.*   ... 


Ibid. 
Ibid. 

Ibid. 
Ibid. 
Ibid. 
Ibid. 

Ibid. 


-Sinus 

-2nd  mag.* 


—  1st  mag.*., 
=  1st  mag.*., 
slat  mag.*.. 


Brighter    than    a 
1st  mag.* 


■-1st  mag.*.. 


Ibid. 


» 1st  mag.*., 


Ibid. 


= 2nd  mag.* 


About  7  45 
p.m. 

10  29  p.m. 


Nero-Fiord, 
Norway. 
N.lat.60°58/, 
W.long.6°50'. 

Bergen,  Norway 


Hawkhurst 
(Kent). 


Brighter     than    a 
1st  mag.* 


»  2nd  to  3rd  mag.* 


Blue    

White 

Blue    

Brilliant 
white. 
Blue     

Blue 

Yellow 

Blue     

White 

Blue    , 

White 

Blue    .-, 

Nearly  white., 


0*5 1 

0-5  second 

1  second  ... 


1  second. 
1  second  • 


0*5  second 
0*5  second 
1  second ... 
I  second ... 


Yellow 


Sunderland . 


Nearly  =#., 
3rd  mags* 


White 


2  seconds., 


YeUow 


Very  quick 


From  y  Peg 
R.  A-  36 1 
DecL  8°. 

From     q    D| 
to     R.  A. 
N.  XtocLSj 

From  c  D* 
to     Z   Vm 


From  «  Aq«| 
9  Serpenogj 

From  R.  A.  : 
S.  DccL   II 


1£  second   .. 


0*5  second 


0*75  second . 


From  *  Drip 
8  Aquifae. 

From  a.  P^gaai 
Delphiiii. 

From     R.    A. 
N.  DecL  50 
Capella. 

Path  parallel 
equal  to  the 
Distance     a) 


From    R.    A. 
N.  DecL  285 
R.    A.     44% 
DecL  19°. 

From    R.    A.    t 
N.  DecL  28% 
R.    A.    47% 
Decl.  13°. 

From  R.  A.  8*  4 
N.  DecL  69% 
R.  A.  7h  30-, 
Ded.65». 


Disappeared  i 
PerscL 


Centre  of  path  1 
west  of,  and 
the  same  level 
the  moon. 

Path  2°  below 
Unas  Minora. 
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ranee;  Train,  if  any, 
id  its  Duration. 

Length  of 
Path. 

Direction;  noting  also 

whether  Horizontal, 

Perpendicular,  or 

Inclined. 

Remarks. 

Observer. 

Directed  from  D  Carae- 
lopardi.               * 

Directed  from  K  Came- 
lopardi. 

W.  H.  Wood. 

Id. 

Id. 

Id. 
Id. 

Id. 
Id. 
Id. 
Id. 

Id. 

Id. 
Id. 
T.W.  Backhouse. 

Id. 

A.  S.  Herschel. 
T.W.  Backhouse. 

(rain  .*•■»-»». ...*--*..» 

Directed  from  ft  Persei.. 
Directed  from  y  Persei.. 

Directed  from  y  PerseL. 

train 

Directed  from  H  Came- 
lopardi. 

Directed  from  H  Came- 
lopardi. 

Began  and  ended  about 
1°  higher  than  the 
last  (see  fig.). 

N 

/ 

Conformable  to  B  Ca- 
melopardi. 

Sky  overcast  at  lk  15m 
a.m.     Nights  of  the 

cast. 

t    TeUnw    train     1° 

Downwards. 

The  train  was  as  bright 
as  the  head. 

Seen  through  hazy 
clouds. 

*    plac 

earance 
sconds. 
lieofli 

or    4°  above 
e    of    diaap- 
br  one  or  two 

At  

12°  

Perpendicular 

v^ 
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Supplement  to  Catalogue. — Observations  of  Lamboos 


1 

Apparent  point  of  com- 

Apparent point  «€  con* 

DmedmW 

186S, 

Si 
1 

mencement. 

mencement 

from  giobe- 

fcmrofattl 

.No. 

Nov.  13th  A.M., 
O.  M.  T. 

■W^ 

Azimuth 
W.  from  S. 

Altitude. 

R.A. 

1 

N.  P.  D. 

wrtoL  | 

h  m  ■ 

o   • 

0   / 

h   m 

p   / 

k 

1. 

12  9  0 

l 

244  55 

44  9 

8  35 

43  30 

7*   i 

2. 

10  8 

2 

11  35 

62  40 

3  19 

64  20 

4* 

3. 

11  32 

2 

292  35 

46  59 

6  33 

66  20 

2*  ; 

4. 

13  38 

2 

276  5 

26  29 

6  37 

52  40 

3 

5. 

14  4 

2 

116  35 

55  9 

23  52 

36  20 

8 

0. 

14  41 

1 

274  35 

46  29 

7  24 

57  40 

7* 

7. 

15  1 

2 

115  35 

44  9 

22  53 

<3  30 

8 

8. 

17  6 

... 

187  35 

19  9 

14  47 

34  10 

*} 

9. 

17  21 

3 

339  35 

34  9 

4  54 

90  0 

3 

10. 

18  30 

3 

47  35 

46  9 

2  36 

73  20 

6 

11. 

21  8 

2 

223  35 

19  39 

10  59 

53  0 

9 

12. 

21  35 

2 

223  35 

19  39 

10  59 

53  0 

9 

13. 

22  3 

2 

70  35 

36  39 

0  0 

68  20 

5 

11. 

23  56 

2 

232  5 

16  9 

11  53 

48  30 

8i  I 

15. 

25  20 

1 

263  5 

39  9 

9  35 

55  10 

12 

16. 

25  25 

3 

51  35 

21  9 

0  48 

93  50 

4 

17. 

27  55 

3 

75  35 

52  9 

1  2 

58  20 

4 

18. 

28  19 

2 

42  5 

43  9 

1  30 

74  20 

4 

19. 

30  11 

3 

9  35 

43  39 

3  31 

83  40 

3   ' 

20. 

31  2 

3 

236  5 

15  59 

11  3 

57  10 

8j    ; 

21. 

33  24 

3 

242  5 

27  39 

10  29 

50  20 

5 

22. 

34  26 

3 

335  35 

42  9 

5  21 

87  50 

4 

23. 

34  41 

1 

165  5 

19  9 

17  45 

35  10 

8 

24. 

40  17 

3 

1  5 

30  39 

3  55 

96  0 

5 

25. 

42  10 

2 

1C0  35 

37  9 

19  54 

22  20 

7 

20. 

43  27 

3 

211  5 

18  39 

13  4 

41  30 

84 

27. 

43  28 

2 

26  35 

26  39 

2  40 

97  30 

5 

28. 

44  30 

n 

276  5 

14  9 

9  22 

83  0 

4* 

29. 

46  2 

i 

296  35 

44  39 

7  14 

68  30 

2* 

30. 

46  27 

2 

177  35 

42  9 

16  56 

10  12 

9 

31. 

46  33 

3 

191  5 

54  9 

8  53 

6  55 

6 

32. 

47  21 

3 

191  5 

54  9 

8  54 

6  55 

... 

33. 

47  25 

3 

42  5 

42  9 

2  17 

78  50 

4 

34. 

51  41 

2 

266  5 

20  9 

9  45 

71  40 

4 

35. 

53  35 

3 

332  35 

29  9 

6  4 

94  20 

5 

36. 

54  8 

2 

151  35 

50  9 

22  38 

18  40 

7 

37. 

54  25 

2 

332  5 

42  39 

5  44 

82  10 

4 

38. 

54  41 

V 

215  5 

42  9 

11  7 

26  10 

H 

39. 

56  10 

2 

159  35 

23  S9 

18  50 

32  10 

8 

40. 

58  44 

3 

292  3*> 

21  39 

8  28 

85  40 

4* 

41. 

59  50 

3 

213  20 

19  54 

11  7 

58  20 

8} 

42. 

1  0  25 

1 

127  20 

49  9 

23  38 

33  30 

3 

43. 

0  48 

2 

10  5 

22  9 

3  45 

103  0 

44. 

1  1 

1 

30  35 

20  9 

2  35 

102  20 

45. 

2  9 

1 

147  35 

8  39 

19  30 

51  50 

71 

46. 

3  0 

3 

13  35 

27  9 

3  47 

98  20 

4 

47. 

5  27 

1 

236  55 

30  29 

10  57 

46  30 

9 

18. 

5  27 

3 

108  35 

65  9 

1  53 

37  30 

7i 

49. 

6  33 

3 

322  5 

24  9 

6  56 

96  0 

4 

50. 

6  34 

3 

330  35 

19  9 

6  31 

103  40 

41 
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[eteors  at  the  Observatory,  Cambridgo 

,  18G5,  Nov.  13th,  a.m. 

Direction 

referred  to  m 
'    hour-circle 
No.  >  throngs  the 
P©le(o°), 
,    round  the 
circle  through 
!      theW. 

Notes. 

Observer. 

References. 

1.      286  10 

Left  a  train 

J.  C.  Adams. 
A.  Graham. 

J.C.Adams  

Id. 

A.  Graham. 
J.  C.  Adams. 
A.  Graham. 
J.  C.  Adams. 
11.  Graham. 

No.  3,  identical  with  Hawk- 
hurst,  12*  lraa-AA 
See  Appendix  IV.  2. 

No.  29,  identical  with  Hawk- 
hurst,  12*  46"  a.m. 
See  Appendix  IV.  2. 

2.      112     5 

S.      105  35 
4.,    142  40 

Left  a  train 

Left  a  train 

5.      172  50 

Left  a  train 

6.      263  50 

Left  a  train 

1    7.      186  40 

8.'    273  16 

1    9.:    102  20 

i  10. ,    151  50 

A.  Graham. 

J.  C.  Adams. 

Id. 

A.  Graham. 

J.  C.  Adams. 

Id. 

11.1    309  50 



Left  a  slight  train  

1  12.  i    309  50 
13.     110  10     t 
II. (    295  10 
13.       47  50 

Left  a  slight  train  

Left  a  train 

Left  a  very  short  train   

16.       91  16 

Left  a  slight  train  

H.  Graham. 

A.  Graham. 

H.  Graham. 

Id. 

J.  C.  Adams. 

Id. 

H.  Graham. 

J.  C.  Adams. 

II.  Graham. 

J.  C.  Adams. 

Id. 

A.  Graham. 

17.      -75  50 

18..      94  50 

19.       84    6 

20.     299  50 

21. '    194  40 

22. '    134  40 

23.     224    5 

21.1    149  20 

25.|    177  20 

Positions  douhtful 

26.     283  30 

27. '    133  55 

28.     172  50 
29. 1    103  30 

As  bright  as  Jupiter;  fine  train 

J.  C.  Adams. 

Id 

30.  261  36 

31.  281  45 

Left  a  short  train.  Nos. 30-32 
computed  R.  A.  and  N.  P.  D. 

A.  Graham. 

Id. 

Id. 

II.  Graham. 

J.  C.  Adams. 

H.  Graham. 

A.  Graham. 

II.  Graham. 

J.  C.  Adams. 

A.  Graham. 

J.  C.  Adams. 

Id. 

32 

... 

33.       95  20 



34.     160  10 

35.     166  25 

36.     144  30 

;; 

37.     136  50 

38.     313  30 

,39.^    216  20 

40.     169  30 



As  bright  as  Jnpiter;  fine  train 
Left  a  short  train    

41.     302  30 

42.1     28  10 
43.     

Moved  slowly  through  5°  of 
arc. 

A.  Graham. 

H.  Graham. 
Id. 

A.  Graham. 
H.  Graham. 
J.  C.  Adams. 
A.  Graham. 
H.  Graham. 
Id. 

44.     ... 

45.     201  20 

....... ...... ••.... 

**■     HI  35 

«.    315    0 

Left  a  train 

«■.   152  20 

'49.'    H2  20 

*|   153    0 

Rough  positions 

1 
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Observations  of  Luminous  Meteors  at  the 


Apparent  point  of  com- 

Apparent point  of  com- 

DbeeCkmb; 

1865, 

n 

V 

a 

mencement. 

mencement  from  globe. 

koarof  ima- 

No. 

Not.  13th,  a.m.. 
0.  M.  T. 

gnarrfel. 
11  bow 

Azimuth 
W.  from  S. 

Altitude. 

R.A. 

N.  P.  D. 

vertical. 

b     m     ■ 

O          I 

h     m 

o       » 

h 

51. 

1    6  47 

2 

213  20 

45     9 

11     3 

23  20 

9* 

52. 

7  21 

3 

51     5 

24     9 

1  30 

94  10 

**      , 

63. 

8  36 

1 

30  35 

51  39 

3  25 

72  40 

5       ' 

51. 

10  22 

3 

50     5 

21  41 

1  41 

94    0 

H 

.  55. 

10  34 

1 

65     5 

19     9 

0  49 

89  40 

4 

56. 

11  51 

2 

219  35 

28     9 

12  16 

37  53 

8* 

57. 

12     4 

3 

19  35 

23    9 

3  30 

97  10 

4* 

58. 

13    8 

I 

137  35 

49    9 

23  30 

28  50 

7* 

59. 

13  44 

3 

187    5 

53    9 

9  42 

4  24 

H 

60. 

14  40 

3 

5    5 

30  12 

6    0 

96  20 

4* 

61. 

14  40 

2 

33    5 

53    9 

3  28 

71  20 

4* 

62. 

15  12 

1 

190  35 

28     9 

15  10 

"25  20 

H 

63. 

16  25 

1 

183  35 

13     9 

16  26 

39  30 

9 

64. 

16  39 

2 

321     5 

22     9 

7    8 

98    0 

4 

65. 

18     5 

3 

147    5 

55  39 

0  20 

19  29 

7 

66. 

18  27 

3 

303    5 

20    9 

8  20 

92  20 

4        i 

67. 

18     5 

2 

180    0 

52  13 

0    0 

9        i 

68. 

23  34 

... 

348    5 

62  14 

Tw 

64  40 

1 

69. 

24  11 

1 

63  35 

37  39 

1  46 

74  20 

5 

70. 

24  55 

1 

240  35 

39     9 

10  25 

44  50 

10 

71. 

25    6 

... 

53     5 

28  39 

2    3 

87  30 

...      1 

72. 

26  32 

1 

112    5 

42    9 

0     0 

46  20 

6 

73. 

27  29 

2 

227     5 

18  29 

12  30 

55  20 

H    '• 

74. 

28  16 

1 

191  35 

58    9 

7  51 

8  52 

7* 

75. 

27  37  + 

1 

46  35 

52    9 

2  50 

66    0 

5 

76. 

29  54 

1 

196    5 

46  54 

12  45 

12    0 

61     1 

77. 

30  20 

3 

317  42 

26    9 

5  45 

100    0 

4 

78. 

31  22 

2 

28     5 

32     9 

3  30 

92    0 

4 

79. 

32  15 

2 

172  35 

19    9 

15    5 

34     0 

8 

80. 
81. 

33  32 
33  44 

2 

2 

29"*9 

2  30 

4* 
4 

46  35 

*89     6 

82. 

34  50 

2 

349  35 

61  39 

5  28 

66    0 

4 

83. 

36  2rf 

2 

229  35 

25     9 

12  24 

44  50 

8* 

84. 

38     7 

1 

131  35 

16     9 

21     0 

51     0 

85. 

38  22 

... 

47     5 

23    9 

2  20 

9i  40 

4 

86. 

39  55 

3 

165  35 

47    9 

22    8 

12     0 

7 

87. 

41  24 

3 

101  35 

39    9 

0  29 

54     0 

6 

88. 

41  27 

3 

181     5 

38  39 

18     0 

34     0 

8 

89. 

42    2 

2 

300    5 

35    9 

8  23 

77  40 

7 

90. 

43  40 

2 

209    5 

32  39 

13  30 

28  20 

91. 

43  46 

3 

83     5 

21    9 

0  33 

75    0 

4 

92. 

43  51 

3 

100  35 

53  39 

1  37 

43  40 

8 

93. 

43  53 

3 

31     5 

20    9 

3  15 

102    0 

8       • 

94. 

46    5 

1 

51  35 

19     9 

2    0 

96    0 

5 

95. 

46  51 

1 

82  35 

20    9 

0  30 

79    0 

4i      , 

96. 

49    2 

1 

34  35 

32    9 

3  23 

90    0 

4* 

97. 

51     5 

2 

134     5 

19  39 

21  55 

49     0 

* 

98. 

52  19 

1 

153    5 

14     9 

20     7 

44    0 

8 
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)beervatoiy,  Cambridge  {continued). 


Direction 
referred  to  an 
!    hour-circle 
No.    tkroaghthe 

,    mud  the 
circle  through 
|      tfceW. 

Note*. 

Obtenrov 

Reference*. 

i 
51.      343  10 

J.  C.  Adams. 
A.  Graham. 

Id*  • 

H.  Graham* 
A.  Graham. 
J.  C:  Adams. 
H.Graham. 
A.  Graham. 
J.  C.  Adams. 
H.  Graham. 
A.  Graham. 
J.  C.  Adams. 
Id. 

H.  Graham. 
A.  Graham. 
H.  Graham. 
J.  C.  Adams. 
H.  Graham. 
A.  Graham. 

J.  C.  Adams  

H.  Graham. 
A.  Graham. 
J.  C.  Adams. 
A.  Graham. 

H.  Graham    

J.  C.  Adams. 

H.  Graham. 

Id. 

J.  C.  Adams. 

A.  Graham. 

H.  Graham. 

A.  Graham. 

J.  C.  Adams. 

A.  Graham. 

Id. 

Id. 

Id. 

J.  C.  Adams. 

H.  Graham. 

J.  C.  Adams. 

A.  Graham. 

Id. 

H.  Graham. 

Id. 

A.  Graham. 

Id. 

H.  Graham. 

A.  Graham. 

No.  53,  identical  with  Hawk- 
hurst,  lh  8m  45*  a.ii. 
See  Appendix  IV.  2. 

No.  70,  identical  with  Hawk- 
hurst,  lh  24m  45s  a.m. 
See  Appendix  IV.  2. 

No.  75,  identical  with  Hawk- 
hurst,  lb  28m  15"  a.m. 
See  Appendix  IV.  2. 

52. '     106  30 

1  53. '     119  50 

Motion  very  slow  •• 

54.1     106  55 

55.  J       86  10 

Left  a  train..... 

i  56. ,     292  53 

1  57. 1     123  10 

58. '     166     0 

Left  a  short  train    

59.  |    271  58 

60. 1    131  52 

Left  a  fine  train • 

'  61.  i     114  20 

Left  a  train • 

62.,    262  45 

63.,    273  27 

Rough  observation 

64.      152     0 

Left  a  train 

65.1     123  39 

66.1    150  55 

Left  a  short  train   .i..i.m... 

67.      

68.1      38     0 

Through  North  Pole  

69.1    115  20 

Left  a  train 

1  70 J    349  10 
71.      

Left  a  train 

72.1    128  20 
/3.'    280  30 

74.!        1  34 
75.      120  50 

Computed  R.  A.  and  N.  P.  D. 
Left  a  fine  trrin  ..,,..T.t...x,, 

!  76. 1    309  30 

Left  a  train • 

T7.      127  35 

'*.',    103  15 

79.1    231  &A 

80.; 

Through  Polaris 

92  35 

Left  a  train 

82.      126  55 

Left  a  train 

83. 1    289    0 

a1,  

\  fa*h     -T. -t 

1  £5.,      93  20 

86.1    162  50 

W.1    132  10 

88.  |    241  U 

89.!    242  50 

Left  a  short  train    ,„♦„, 

90.  j    278  55 

91.  |    201    0 

Rough  observation 

92. 

$*.|    101  10 

Left  a  train 

94.      106  10 

95. 

111  55 
114  35 
174  25 
216  30 

96. 

Left  a  train 

97. 

Left  a  train 

93. 

Left  a  short  train   ••• 
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APPENDIX. 

I.  Meteors  doubly  observed. 

(1.)  1865,  September  24th,  7h  8m  45«  p.m.,  G.  M.  T. 

The  meteor  observed  at  Greenwich,  Eamsgate,  and  Hawkhurst  (see  Cata- 
logue), commenced  its  course  sixty-seven  miles  above  the  coast  of  France,  in 
the  zenith  of  a  place  in  N.  lat.  49°  57',  E.  long.  2°  12*,  and  disappeared 
thirty-eight  miles  above  the  English  Channel,  in  N.  lat.  50°  26',  E.  long.  0° 
23'.  Path  ninety-one  miles  in  four  seconds,  directed  from  a  point  in  R.  A. 
2°,  N.  Decl.  2°,  near  the  first  point  of  Aries.  Velocity  twenty-three  miles 
per  second.  The  meteor  is  a  good  example,  triply  observed,  of  the  group  of 
meteors  directed  from  the  radiant  in  Pisces  or  Cetus,  described  in  the 
Monthly  Notices  of  the  Koyal  Astronomical  Society  for  December  9th,  1864. 

(2.)  1865,  September  24th,  Sh  30w  p.m.,  G.  M.  T. 

The  meteor  observed  at  Greenwich  and  at  Manchester,  at  Frome  in  Devon- 
shire, and  at  Winchfield  in  Hants,  commenced  its  course  thirty-four  miles  in 
the  zenith  of  a  place  seven  miles  east  of  Bath,  and  disappeared  thirty  miles 
above  a  point  four  miles  south  of  Gloucester. 

Tho  course  of  the  meteor,  prolonged  onwards,  would  nearly  touch  Man- 
chester, where  it  was  seen  to  descend  with  a  slight  inclination,  and  a  short 
course  in  the  S.S.W.  This  observation  necessitates  a  small  correction.  The 
course  appears  actually  to  have  been  from  thirty-eight  miles  over  Bath  to 
twenty-seven  miles  over  Gloucester.  Velocity  twenty-four  miles  per  second. 
Path  thirty-six  miles  in  1£  second,  directed  from  some  part  of  the  constella- 
tion Gapricornus,  not  far  from  a  point  in  right  ascension  20h,  south  declination 
30°,  described  by  Dr.  Neumayer,  at  Melbourne,  as  a  point  of  the  highest  in- 
terest, and  deserving  particular  attention  with  the  view  of  determining  farther 
points  of  radiation. 

(3.)  1865,  September  26th,  8*  55w  p.m.,  G.  M.  T.  j 

The  meteor  observed  at  Thirsk,  in  Yorkshire,  and  at  Hawkhurst,  com-  ! 
menced  its  course  about  107  miles  above  a  part  of  the  North  Sea,  in  N.  lat.  J 
54°  55',  E.  long.  2°  43',  and  disappeared  seventy-six  miles  above  the  neigh- 
bourhood of  Sheffield.  Path  200  miles  in  3£  seconds.  Velocity  fifty-seven 
miles  per  second.  Direction  from  a  point  near  Auriga,  in  right  ascension  69°, 
north  declination  25°.  This  meteor  is  one  of  a  group  of  meteors  directed  from 
a  radiant  in  Auriga,  described  in  the  last-mentioned  Number  of  the  Monthly 
Notices  of  the  Royal  Astronomical  Society.  It  appears  from  this  No.,  and 
from  No.  1  of  this  Appendix,  that  the  velocity  of  the  meteors  from  Auriga  is 
nearly  three  times  as  great  as  that  of  the  meteors  directed  from  Cetus  or 
Pisces. 

(4.)  1865,  September  26th,  9h  21*  p.m.,  G.  M.  T. 
Notes  of  the  meteor,  seen  by  Mr.  Harding,  of  the  Royal  Observatory,  Green- 
wich, on  the  evening  of  the  26th  of  September  last,  were  received,  first,  from 
Eastbourne,  and  second,  from  Weston-super-Mare,  in  Somersetshire.  Over 
the  latter  county  it  appears  to  have  attained  its  greatest  brilliancy ;  but  at 
what  altitude  above  the  earth  can  only  be  roughly  estimated  from  the  obser- 
vation at  Eastbourne,  compared  with  that  near  Greenwich.  The  height  indi- 
cated is  from  about  fifty  to  about  thirty  miles  above  the  surface  of  the  earth. 
The  radiant-point,  or  direction  of  its  flight,  was  from  about  the  position 
of  Polaris,  a  region  from  which  a  wide  group  of  meteors  take  their  course  in 
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a  remarkably  definite  manner  during  the  month  of  August;  and  more  especi- 
ally in  September. 

(5.)  1865,  November  13th,  5h  42m  p.m.,  G.  M.  T. 
The  following  account  of  the  meteor  is  communicated  by  Mr.  T.  Crumplen. 
"  When  first  seen,  it  had  the  appearance  of  a  star  of  the  3rd  magnitude, 
rapidly  increasing  in  splendour  until  its  maximnm  light  was  at  least  equal  to 
three  times  that  of  the  planet  Venus.  Numerous  sparks  were  thrown  off  as 
it  passed  along,  the  nucleus  exploding  just  before  it  disappeared.  Its  flight 
was  certainly  retarded  during  its  passage  ;  it  was  visible  over  a  large  area, 
observations  having  reached  me  from  places  as  widely  separated  as  Boulogne 
and  Market-Drayton. 

"  From  these  I  conclude  that  the  meteor  was  first  seen  about  eighty  miles 
in  the  zenith  of  a  place  midway  between  Aylesbury  and  Stoney  Stratford, 
moving  in  a  W.S.W.  direction,  passing  south  of  Cirencester  and  just  north  of 
Cleveland,  ending  about  the  same  height  over  Hartley  Quay — a  path  of  some 
105  miles  in  2\  seconds.  The  velocity  is  certainly  very  great — sixty-six  miles 
per  second ;  but  I  am  convinced  that  it  was  not  less.  This  will  serve  for  a 
sufficient  indication  of  the  height  of  these  meteors,  which  we  must  consider 
to  be  part  of  the  great  November  zone." 

The  height  and  velocity  are  both  above  the  average.  It  should  be  borne 
in  mind  that  small  errors  of  observation  may  sometimes  lead  to  exaggerated 
estimates,  both  of  the  height  and  velocity  of  a  meteor's  flight. 

(6.)  1865,  November  18th,  4h  30m  p.m. 
The  appearance  of  the  meteor  seen  in  twilight  by  Mr.  F.  C.  Penrose  at 
Wimbledon,  is  also  announced  from  Cambridge  (see  Catalogue)  among  the  list 
of  meteor-observations  for  November,  communicated  by  Mr.  T.  Crumplen. 
Particulars  of  the  apparent  path  of  this  meteor  at  other  places,  if  they  can 
still  be  obtained,  would  lead  to  determining  its  real  height  and  velocity,  and 
of  what  meteoric  shower  the  fireball  formed  a  part. 

(7.)  1865,  November  21st,  6h  5m  p.m.,  G.  M.  T. 

The  eastern  coast  of  England  is  for  the  third  time  visited  by  a  detonating 
meteor  of  large  size,  within  a  day  before  or  after  the  date  of  the  20th  No- 
vember (v.  Report,  1865,  p.  121).  For  the  means  of  ascertaining  its  direct 
distance  from  the  earth,  the  path  that  it  pursued,  its  velocity,  <fec,  the  Com- 
mittee are  mainly  indebted  to  the  accounts  collected  from  distant  places  by 
Hr.  Warren  De  la  Rue,  by  whom  the  meteor  was  observed  near  Cranford. 
It  was  also  seen,  and  the  position  of  its  point  of  disappearance  was  noted  by 
Mr.  F.  C.  Penrose,  F.R.A.S.,  at  Wimbledon.  A  loud  report  like  that  of  a 
cannon  followed  its  disappearance,  at  an  interval  of  2  minutes  and  20  seconds. 
The  meteor  was  observed  by  the  Assistant  at  the  Observatory  of  Cambridge, 
Mr.  H.  C.  Todd,  and  at  Oxford  and  at  Liverpool,  as  well  as  at  other  places  more 
near  to  the  seat  of  the  explosion*,  which  was  over  the  Thames  valley.  The 
meteor  traversed  the  entiro  length  of  the  valley  of  the  Thames,  a  distance  of 
about  seventy-five  miles,  from  the  Nore  (height  about  forty-one  miles)  to 
Henley-on-Thames  (height  twenty-seven  miles)  in  6£  seconds,  at  a  velocity, 
therefore,  of  about  eleven  and  a  half  miles  per  second.  Sound,  with  its  or- 
dinary velocity  in  common  air,  would  take  2  minutes  50  seconds  to  traverse 
the  distance  from  the  latter  point  to  the  station  where  Mr.  Penrose  observed 
the  meteor  at  Wimbledon.     The  direction  of  the  meteor  was  from  a  point  in 

the  neighbourhood  of  the  constellation  Taurus,  between  Taurus  and  tho  head 
ofCetus. 
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The  meteor  of  the  19th  November,  1861  (v.  Report  1862,  p.  79),  as  seen 
at  Woodford,  at  first  appeared  stationary  for  two  seconds  at  a  point  in  Cetus. 
The  epoch  of  the  19th — 21st  November  accordingly  deserves  attention, 
partly  as  one  for  which  the  direction  of  the  detonating  meteors  has  been  as- 
certained, and  partly  because  their  frequent  returns  within  very  narrow  limits 
of  time  about  that  date  makes  it  probable  that,  like  the  meteors  of  the  10th 
of  August  and  13th  of  November,  they  exist  as  a  group  of  bodies  revolving 
in  a  fixed  orbit  round  the  sun. 

(8.)  1866,  January  6th,  9h  59m  p.m.,  G.  M.  T. 
The  meteor  seen  and  recorded  at  the  Royal  Observatory,  Greenwich,  ap- 
proaches nearly  in  time  and  general  description  to  that  recorded  at  Sunder- 
land and  at  Wisbeach.  It  is,  however,  distinct ;  and  the  radiant-region  L  H 
roughly  represents  the  general  direction  of  the  two  meteors,  which  wis 
from  between  Leo  Minor  and  the  Head  of  Leo. 

(9.)  1866,  January  11th,  9h  55m  rot.,  Greenwich  time. 
A  meteor  of  very  extraordinary  length  of  path,  generally  observed  in  Eng- 
land. Referred  to  the  stars  at  Bedford,  and  at  Hay  (S.  Wales),  the  visible 
path  appears  to  have  been  either  truly  horizontal,  or  otherwise  slightly  inclined 
a  little  upwards,  the  meteor  performing  its  transit  at  a  height  of  eighty-live 
to  ninety-five  miles  above  the  earth.  The  direction  of  flight  was  from 
E.S.E.  to  W.N,W.,  on  a  direct  line  from  Paris  to  Cork,  but  probably  extend- 
ing beyond  the  limits  of  either  of  those  places  at  the  beginning  and  end  of 
its  luminous  track.  Assuming  the  distance  of  the  meteor  from  Ticehurst  to 
have  been  only  fifty  miles  (instead  of  ninety,  as  inferred  from  the  other  ob- 
servations), the  altitudes  (as  measured  at  Ticehurst)  of  15°  at  first  appear- 
ance in  the  east,  and  10°  at  disappearance  in  the  west,  give  not  less  than 
450  miles  as  the  length  of  the  meteor's  course.  Half  as  long  again  as  this, 
or  nearly  700  miles,  would  not  be  an  exaggerated  statement  of  the  extrava- 
gant length  of  path  of  this,  certainly,  very  remarkable  meteor.  It  may 
be  compared  in  this  respect  to  the  meteor  of  1758,  described  by  Pringle,  and 
to  the  meteor  of  the  18th  of  August,  1783.  The  meteor  observed  at  the 
Greenwich  Observatory  about  the  same  time,  or  two  minutes  earlier,  is 
distinct,  and  crosses  the  path  of  the  other  at  an  angle.  Both  meteors  were 
directed  from  a  radiant  region  L  H,  near  the  confines  of  Leo  and  Hydra. 

(10.)  1866,  June  20th,  10h  45m  a.m.,  Greenwich  time  (see  Appendix  II.  6). 

Notwithstanding  this  great  aerolitic  meteor  appeared  by  day  and  in  bright 
sunshine,  exact  observations  of  its  apparent  path  were  obtained  at  Ticehurst 
by  the  schoolmaster  of  the  village,  Mr.  R.  Covington,  and  at  Boulogne,  by 
Mr.  F.  Galton,  the  Secretary  of  the  Royal  Geographical  Society.  Instru- 
mental measurements  at  those  places  show  that  the  meteor  first  came  into 
sight  at  a  distance  of  fifteen  miles  above  the  town  of  Calais,  and  that  when 
it  disappeared  near  Boulogne  (about  midway  between  that  town  and  the  town 
of  Montreuil,  in  Somme)  its  distance  from  the  earth  was  only  four  and  a  half 
miles.  The  following  statement  which  appeared  in  a  daily  journal,  if  correct, 
shows  the  violence  of  the  shock  which  was  felt  at  Boulogne.  "  The  vibration 
caused  by  the  explosion  at  that  place  was  so  great  that  an  ill-constructed 
scaffolding  fell  to  the  ground,  and  one  man  at  work  upon  the  scaffolding  was 
killed,  and  another  seriously  injured  by  the  fall." 

Although  the  meteor  was  of  unusual  dimensions,  no  meteorites  are  reported 
to  have  been  found. 
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II.  Labge  Meteoes. 
(1.)  1768,  December  23rd,  7h  a.m.  (local  time). 

A  very  clear  description*  of  the  phenomenon  attending  the  fall  of  a  meteorite 
appears  in  the  account  of  Cook's  Voyage  round  the  World,  published  under 
the  title  of  "  A  Voyage  round  the  World  in  His  Majesty's  Ship  Endeavour, 
in  the  years  1768-71  (London,  1771)."  Professor  Miller,  of  Cambridge,  who 
communicates  the  extract,  accompanies  it  with  the  remark  that  "the  passage 
must  have  escaped  the  notice  of  Mr.  Greg,  and  of  all  other  meteor  historio- 
graphers." 

Page  25,  for  Date  and  Place. — "Thursday,  Dec.  8,  1768,  having  pro- 
cured all  necessary  supplies,  we  left  Bio  Janeiro,  etc." 

Page  26,  "  December  23rd  we  observed  an  eclipse  of  the  moon  ;  and  about 
7  o'clock  in  the  morning  a  small  white  cloud  appeared  in  the  west,  from 
which  a  train  of  fire  issued,  extending  itself  westerly :  about  two  minutes 
after  we  heard  two  distinct  loud  explosions,  immediately  succeeding  each 
other  like  cannon,  after  which  the  cloud  soon  disappeared." 

(2.)  1861,  March  4th,  9h  38m  30*  a.m.,  Melbourne  mean  time.  (Results  of 
Meteorol.  Observations  in  Victoria,  S.  Australia,  1858-62,  by  Dr.  G. 
Neumayer ;  p.  141.) 

A  large  meteor  in  bright  daytime,  seen  in  nearly  the  whole  S.E.  part  of 
Australia.  The  meteor  was  seen  at  sea,  on  board  of  the  '  Constance,'  thirty 
miles  8.W.  of  the  Otway. 

From  the  measurements  of  Captain  Sorderbergh,  and  from  various  obser- 
vations made  throughout  the  country,  Dr.  Neumayer  adduces  the  following 
facts  relative  to  the  occurrence  : — 

miles. 
Height  of  the  meteor  above  the  earth  when  first  seen  . .  54*6 
Height  of  the  meteor  above  the  earth  when  bursting    . .  10*0 

Distance  from  Colar  when  first  seen   77*2 

Distance  from  Colar  when  bursting    73*0 

Diameter  0-18  mile,  or  1190  feet. 

No  mention  is  made  by  Dr.  Neumayer  of  any  detonation  having  been  heard. 

(3.)  1865,  December  7th,  7*  20m  p.m.,  G.  M.  T. 
(Paris  Observatory  Bulletins,  Jan.  6th  and  6th,  1866.) 

A  fireball  exploded  at  a  height  of  thirty-eight  miles  over  the  mouth  of  the 
Loire  with  a  report  likened  to  that  of  a  cannon  fired  off  at  a  distance  of  a  few 
miles  (at  Yannes),  and  to  a  slight  shock  of  an  earthquake  at  La  Roche-Bernard. 
The  meteor  was  visible  over  an  extent  of  the  coast  from  Brest  to  Bordeaux, 
whence  M.  Gruey  obtains  from  observations  the  following  approximate 
elements  of  its  path.  The  meteor  proceeded,  from  a  point  about  fifty-five 
miles  above  the  sea  at  Quimper,  descending  at  an  inclination  of  about  15° 
from  horizontal  towards  the  E.S.E.,  a  distance  of  eighty  miles  in  15  or  20 
seconds,  to  the  point  of  its  explosion,  thirty-five  miles  above  the  mouth  of 
the  Loire.    Velocity  not  less  than  ten  miles  per  second. 

The  diameter  is  reckoned  by  M.  Gruey  at  180  yards,  but  it  is  added  that 
the  effect  of  irradiation  would  be  to  considerably  diminish  this,  amount. 

No  meteorites  were  discovered,  although  the  explosion  was  considerable, 
and  the  size  and  the  luminosity  of  the  fireball  were  quite  unusual. 

*  The  punctuation  is  strictly  gvren  as  in  the  original.  The  passage  is  also  found  in 
Barrow's  small  edition  of  Cook's  Voyages.    A.  and  C.  Black,  Edinb.,  I860,  p.  19. 


128 


REPORT — 1866. 


(4.)  1865,  December  9th,  8h  30m  p.m.  (local  time). 
At  Charleston,  South  Carolina,  U.  S»,  the  sky  being  overcast  and  a  slight 
rain  falling,  but  unattended  by  thunder  or  lightning,  a  brilliant  and  strong 
light  was  for  a  moment  perceived.  A  sentinel  walking  his  rounds  wu 
enabled  by  the  light  to  detect  a  boat  with  two  persons  leaving  the  fort,  and  by 
levelling  his  piece  to  oblige  it  to  return.  Half  a  minute  or  a  minute  aflnr- 
wards,  an  explosion,  and  a  loud  jarring  sound  were  heard ;  the  fireball  itself, 
if  such  was  the  nature  of  the  phenomenon,  was  hidden  by  clouds. 

(5.)*  1866,  March  11th,  0h  20m  a.m.  local  time:— 
(March  10th,  llh  50m  p.m.,  G.M.T.) 

A  yellow  or  reddish  fireball,  half  the  apparent  size  of  the  full  moon,  fol- 
lowed by  a  broad  train  of  dull  red  colour,  exploded  into  fragments  near 
Liibbecke  (forty  miles  east  from  Miinster)  with  a  report  loud  enough  to  be 
plainly  heard  at  Miinster.  People  at  Liibbecke  were  awakened  from  their 
sleep ;  the  report  was  likened  to  a  discharge  of  artillery  followed  by  that  of 
musketry,  and  by  a  rushing  sound  like  the  arrival  of  a  railway  train.  The 
light  was  sufficient  to  have  counted  money :  the  meteor,  as  drawn  by  Pro- 
fessor Heis  upon  a  map,  was  visible  in  the  surrounding  districts  of  Liibbecke, 
Westphalia,  and  Hanover. 

It  commenced  its  course  at  a  height  of  thirteen  miles  (British)  abore 
Miete,  terminating  at  three-and-a-half  miles  (British)  over  Oldendorf  in  Liib- 
becke. Path,  thirty  miles  in  four  to  five  seconds,  directed  from  azimuth  W. 
from  S.  50°,  altitude  20° ;  velocity  seven  miles  per  second.  At  Liibbecke 
the  report  succeeded  its  disappearance  in  little  more  than  a  quarter  of  a 
minute.    No  meteorite  in  the  neighbourhood  is  reported  to  have  fallen. 

(6.)  1866,  June  20th,  10h  45m  a.m.,  G.  M.  T. 
1.  As  observed  at  Penshurst. 

Dear  Sir, — tn  case  you  should  not  have  seen  the  great  meteor  of  10*  45" 
a.m.,  June  20th  1866, 1  send  you  a  rude  sketch  of  the  appearance  as  seen  by 


The  Great  Meteor,  as  seen  from  Penshuret,  10*  45m  a.m.,  June  20, 186(5. 
(EleTation  30°.    Direction  of  flight  from  N.N.E.  to  S.E.— Jas.  Nawnyth.) 

*  A  Pamphlet  by  Prof.  Heis,  with  map  of  meteor's  course  (Sto.  Halle,  I860,  H.  W. 
Schmidt). 
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me  from  here.  I  had  a  fine  view  of  it  for  about  two  seconds  as  it  skimmed 
majestically  across  a  bright  blue  portion  of  the  sky,  which  was  in  other  parts 
covered  by  white  clouds.  I  heard  no  sound,  although  I  listened  very  atten- 
tively for  it ;  but  the  wind  was  blowing  through  the  trees,  and  so  might  have 
drowned  the  sound  to  me. 

The  brilliant  orange-red  with  rose  tint  on  the  after  part  (b),  and  bright 
white  light  at  the  forward  end  (a),  gave  it  a  most  wonderful  aspect  when 
surrounded  by  the  blue  sky. 

The  drawing,  although  roughly  made,  is,  I  may  say,  generally  faithful. 

The  elevation  was  about  30° ;  the  inclination  of  the  axis,  about  5° ;  the 
length  of  the  strikingly  visible  portion,  about  1°  30' ;  the  white  vapour  veil, 
perhaps  8°  or  10°  long,  but,  as  it  faded  very  gradually,  one  could  not  assign 
an  exact  length  to  it.  The  red  tail  appeared  to  flame  and  flicker  consider- 
ably. 

If  it  had  made  its  transit  at  night,  it  would  havo  lit  up  the  whole  of 
England ;  but  such  a  meteor  seen  in  bright  sunshine  gives  it  a  very  special 
character  of  interest. 

I  am,  &c,  J  as.  Nashtth. 

Pcnshurst,  June  22nd,  1866. 
To  A.  S.  Herschd,  Esq. 

2.  As  seen  at  Brighton.     (From  Mr.  Galton's  MS.) 

"  We  saw  T.  point  behind  us ;  we  turned,  and  saw  a  thing  like  a  comet 
passing  through  the  air ;  a  bright  ball  of  fire  with  a  bright  tail  was  what  it 
looked  like.  As  it  got  near  the  cliff  which  lies  to  the  east,  it  got  smaller  and 
then  vanished  into  space.  Some  people  heard  it  go  off  like  a  gun  when  it 
tlwappeared.  T.  says  it  was  much  larger  at  first ;  it  went  fast  and  straight 
across  between  us  and  the  town. 

"  A  meteor  passed  over  Brighton  at  10£  a.m.  on  June  20th ;  it  came  from 
N.W.  and  travelled  rapidly,  and  disappeared  S.S.E.  The  policeman  on  Kemp 
Town  slopes  described  it  as  shaped  like  a  ginger-beer  bottle ;  one  half  of  the 
bottle  was  a  strong  blood-red  light,  the  other  half  of  the  body  was  like  a  thin 
white  vapour,  and  the  extremity  of  the  object  was  a  thin  white  cloud  like  a 
corners  tail,  but  not  luminous.  So  transparent  was  this  tail,  the  blue  sky 
®>uld  be  traced  through  it.  The  meteor  burst,  or  rather  deployed  (spread 
itself)  and  wholly  disappeared ;  no  sparks,  no  sound. 

"The coastguard  on  drill  at  Signal  Station,  near  Brighton,  saw  the  meteor. 
The  body  of  it  appeared  like  a  bottle,  half  of  it  a  very  remarkable  deep-red 
fi«5 ;  the  rest  of  the  body  and  a  tail,  a  long  train  of  very  thin  white  vapour, 
^hen  it  broke  or  spread  and  disappeared,  the  body,  as  the  sailors  call  it,  as- 
Nuaed  a  sort  of  grey  hue,  which  they  think  was  the  .blue  sky  seen  through 
the  thin  white  vapour.  There  was  total  absence  of  all  noise  or  sparks ;  at  the 
moment  when  immediately  over  their  heads,  the  "  body"  (the  light  part  of  it) 
seemed  to  "  quiver,"  but  there  was  no  pause  in  its  course.  The  "  quiver  " 
was,  only,  if  possible,  less  than  an  instant." 

3.  As  seen  at  Ticehurst  (near  Hurstgreen,  Sussex). 

Respected  and  dear  Sir, — A  meteor  of  rather  remarkable  character,  I 
should  think,  was  seen  by  my  schoolboys  to  pass  this  morning  at  10*  45u 
a.m.  through  a  clear  opening  of  the  clouds,  appearing  in  E.  by  N.  at  an  alti- 
tude of  15°,  and  disappearing  in  S.E.  at  an  altitude  of  5°.  All  agree  that  it 
appeared  half  as  large  as  the  moon  and  of  a  bright  yellow  colour,  very  much' 
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mare  brilliant  than  the  moon  when  seen  in  the  day.  Its  flight  was  not  rapid*. 
and  its  motion  smooth  and  regular,  gliding  as  a  heavy  body  might  be  sap- 
posed  to  do.  It  was  attended  by  a  very  short  train,  which  rapidly  died  out 
and  appeared  to  form  a  point  behind.  No  noise  or  explosion  was  heard.  Its 
path  was  very  slightly  curved ;  but  I  think  there  is  no  dependence  to  be  placed 
on  this.  The  day  was  fine,  bnt  the  sky  was  partially  obscured  by  large  bright 
floating  clouds,  high  above  which  was  a  stratum  of  a  different  kind — drrw 
probably.  The  sun  shone  very  clearly  and  warm  at  intervals,  but  for  a  few 
days  previously  we  have  had  strong  west  winds. 

I  am,  &c.,  B.  CoTTKGToy. 
Ticehurst  SchooUiouse,  June  20th,  1866. 
To  A.  8.  Herkhd,  Esq. 

4.  As  seen  at  Boulogne. 

To  the  Editor  of  the  <  Times.' 

Sir, — J  was  at  Boulogne  this  morning  at  11  o'clock  (Paris  time),  when  an 
explosion  followed  by  a  low  and  continued  "rumbling  was  heard  in  the  Hotel 
des  Bains,  where  1  was  then  staying.  The  people  in  the  house  ran  in  alarm 
from  their  rooms  into  the  courtyard,  asking  one  another  what  had  happened; 
then  observing  through  the  gateway  that  similar  crowds  were  also  collecting 
in  the  street  and  by  the  harbour,  and  were  equally  puzzled  as  to  the  source 
of  the  noise,  I  went  out  and  found  myself  in  ample  time  to  see  the  long, 
narrow,  smoke-like  train  of  a  meteor  hanging  in  the  sky.  The  final  puff  that 
indicated  the  place  of  explosion  was  marked  with  perfect  distinctness,  but  the 
point  where  the  train  first  commenced  was  hidden  from  my  view  by  a  block 
of  houses.  I  leisurely  noted  the  necessary  bearings,  and  then,  running  to  my 
room,  returned  with  a  small  travelling  "  altazimuth  "  I  had  by  me,  and 
measured  them.  The  results  were : — for  the  first  point  in  the  train  that  1 
could  see,  altitude  62°,  magnetic  azimuth  (E.  from  N.)  95°;  for  the  final 
puff,  altitude  40°,  magnetic  azimuth  (E.  from  N.)  195°. 

I  doubt  the  error  in  any  of  these  observations  exceeding  one  degree ;  I  feel 
sure  it  does  not  exceed  two  degrees.  The  average  breadth  of  the  train  of 
smoke  was  about  one  degree.  A  comparison  of  these  measurements  with  any 
set  taken  elsewhere — and  doubtless  you  will  receive  some  other  communica- 
tions —will  at  least  indicate  the  path  of  the  meteor,  and  will  accurately  fix 
its  height  above  the  earth  at  the  time  of  explosion. 

(Signed)  Fkakcis  Gaxtojj. 

London,  June  20th. 

5.  As  seen  in  France.     (Prom  the  *  Morning  Advertiser,'  June  26th.) 

The  meteor  described  as  having  shot  through  the  clouds  over  Folkstone  on 
the  20th  June,  flamed  amazement  through  all  the  towns  in  the  northern 
department  of  France.  It  crossed  over  Boulogne,  Calais,  Hazebrook,  Aire, 
Lilies,  Bombourg  and  other  places,  and  ultimately  burst  over  St.  Omer  with 
an  explosion  like  the  roar  of  artillery.  The  peaceful  inhabitants  imagined 
an  explosion  of  the  neighbouring  powder-magazines  at  Esquades.  It  is 
known  to  have  exploded  between  the  towns  of  Boulogne  and  St,  Omer; 
but,  though  diligent  search  has  been  made,  none  of  the  fragments  have  been 
discovered. 

*  One  boy,  who  »w  the  meteor  from  first  to  last,  was  asked  to  point  with  a  stick  towards 
the  place  whence  it  appeared  to  him  to  move.    Moving  the  stick  as  the  meteor  appeared 
to  him  to  do,  the  time  in  which  he  described  the  whole  course  of  the  meteor's  flight,  up  to 
"Se  point  of  disappearance,  was  jty  ttooad*. 
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6.  The  explosion  at  Calais.  (Extract  from  a  letter  to  the  '  Times/  from 
H.  B.  M.  Consul  at  Calais,  Beaumont  Hotham.) 

Sir, — The  information  of  the  explosion  of  a  powder-mill  near  St.  Omer, 
though  transmitted  by  telegraph  from  St.  Omer  to  Calais,  and  though  officials 
here  were  informed  of  the  "  explosion/'  and  the  St.  Omer  fire-engines  were 
actually  sent  for,  turned  out  to  be  incorrect.  The  meteor  was  of  a  very  ex- 
traordinary description ;  but  the  powder-mill,  at  least,  was  a  canard. 

(7.)  1866,  July  17th,  8h  52m  p.m.  (local  time),  Eidfjord,  Norway. 

It  was  quite  light  when  the  meteor  appeared,  far  too  light  for  any  stars  to 
be  visible,  and  yet  the  meteor  was  very  bright.  I  have  no  doubt  it  would 
have  given  very  much  more  light  than  the  moon,  yet  it  was  only  about  one- 
third  the  apparent  diameter  of  the  moon. 

I  first  saw  it  at  an  altitude  of  perhaps  45° ;  and  after  that  it  went  about 
50°,  increasing  in  brightness  as  it  went.  The  latter  part  of  its  course  was 
at  an  angle  of  45°  downwards  to  the  right.  It  had  a  bright  tail  6°  or  10° 
long,  of  a  different  colour  from  the  head,  I  think  fiery ;  it  vanished  with  the 
head;  but  I  very  soon  saw  a  white  train,  perhaps  20°  long,  somewhat  ser- 
pentine, exactly  like  white  smoke,  doubtless  illuminated  by  daylight  alone, 
as  I  do  not  think  that  it  was  at  all  self-luminous.  It  was  consequently  very 
faint  to  my  naked  eye.  Some  of  the  party  saw  it  before  I  did,  and  say  that 
it  was  simply  curved  and  not  serpentine. 

It  rapidly  became  more  serpentine,  and  perhaps  two  minutes  after  the 
disappearance  of  the  meteor  was  of  this  shape : — 


It  continued  to  grow  more  serpentine  till  it  disappeared,  part  of  it  remain- 
ing visible  twelve  minutes. 

I  remain,  yours  truly, 
Sunderland,  Sept.  10th,  1866.  T.  "W.  Backhouse. 

To  A*  S.  Hcrschdy  Esq. 

III.  Aerolites. 

(1.)  1860,  January  16th.     Stoncfall  at  Kusiali,  Kumaon,  India. 

(2.)  1865,  January  19th.      Stonefall  at  Mouza  Khoona,  Sidowra,  Gorruck- 
pore  district,  India. 

(3.)  1865,  August  12th,  7*  p.m.     Stonefall  at  Dundrum,  oounty  of  Tipperary, 
Ireland  (Scientific  Papers  from  R.  I.  Academy's  Proceedings,  vol.  i.  p.  230). 
Meteor  not  seen.   A  report  like  a  cannon-shot  and  buzzing  noise  was  heard, 

and  the  stone  fell  into  the  ground,  where  it  lay,  half  buried  in  the  earth,  milk- 

x  2 
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warm.  Weight  4  lbs.  14ozs. ;  specific  gravity  3-07  to  3-57  in  different 
parts  of  the  stone,  which  has  the  form  of  a  three-sided  pyramid ;  ihe  base 
freshly  broken  ;  the  faces  vitrified,  and  separated  from  each  other  by  sharp 
edges  of  the  crust  as  distinctly  as  if  ruled  with  a  ruler.  Of  the  earthy  portion  of 
the  meteorite,  that  which  is  soluble  in  muriatic  acid  is  nearly  pure  olivine ; 
the  insoluble  portion  is  a  highly  siliceous  mineral.    The  proportions  i 


Nickel-iron  (Chladnitc) 20-60  (Fe  19-57;    Ni  1-03) 

Protosulphuret  of  iron  (Troilite)     . .  4*05  - 

Chrome  iron  ore 1*50 

Mineral  soluble  in  muriatic  acid     . .  33-08  (FcO  5-89  ;  MgO  14-81) 

Mineral  insoluble  in  muriatic  acid  . .  40-77 


100-00 


(4.)  1865,  August  20th,  lh  30m  p.m.    Erinpoorah,  India. 
(Extract  from  an  Agra  newspaper.) 

I  send  you  the  following  account  of  an  aerolite,  together  with  a  photo- 
graph of  the  same,  kindly  taken  by  Dr.  Eddomes,  of  the  Erinpoorah  Irregular 
Force.  On  Sunday,  August  20th,  1865,  about  lh  30m  p.m.,  a  loud  report  was 
heard  at  Erinpoorah,  as  if  a  heavy  gun  had  been  fired  in  the  cantonment.  A 
child  in  the  line  called  out  "  look,  look,  there  is  a  lota*  flying  over."  At  the 
same  time  a  similar  report  was  heard  at  Sarowli,  twenty:four  miles  south  of 
Erinpoorah,  and  a  borah  then  saw  what  he  took  for  a  ball  of  fire  pass  over 
his  head.  The  same  loud  noise  was  heard  at  the  same  time  in  Aboo,  distant 
fifty-four  miles  south  of  Erinpoorah ;  and  thcro  it  was  followed  by  a  second 
report,  or,  as  is  more  likely,  a  loud  reverberation  of  the  first.  Some  men  were 
digging  a  tank  at  the  time  near  the  village  of  Bheenwall  in  Marwar,  about 
thirty-eight  miles  from  Aboo,  when  they  were  suddenly  alarmed  by  a  loud 
rushing  noise  and  a  ball  of  fire  near  them,  throwing  up  the  earth  like  a  shell. 
Of  course  they  all  bolted,  but,  finding  that  nothing  further  occurred,  returned 
to  the  spot,  where  from  a  hole  three  or  four  feet  deep  they  dug  out  this  aero- 
lite :  weight  3^  lbs.  The  appearance  of  this  stone  exactly  corresponds  with 
the  account  given  of  Aerolites  in  Brandt's  Dictionary  of  Science. 

(5.)  1865,  August  25th.     Shergotty,  India. 
(Extract  from  Calcutta  Gazette.) 

A  stone  fell  from  the  heavens  accompanied  by  a  very  loud  report,  and 
buried  itself  in  the  earth  knee-deep.  At  the  time,  the  sky  was  cloudy  and 
the  air  calm,  no  rain.  The  stone  has  been  forwarded  by  the  Government  to 
the  Asiatic  Society  of  Bengal. 

(6.)  1865,  August  25th,  llh  30™  a.m.  Aumalc,  Algeria. 
(Comptes  Bendus,  1866,  January  8th,  vol.  lxii.) 
A  meteorite  fell  near  the  small  stream  Oucd  Soufflat,  thirty-two  miles 
north  of  the  town  of  Aumale,  an  explosion  like  the  roar  of  artillery  first 
proceeding  from  a  cloud  in  the  air.  The  stone  then  fell,  penetrating  in  (allow 
land  8  inches,  and  burying  itself  12  inches  deeper  in  hard  calcareous  earth, 
where  it  remained  too  hot  to  be  extricated  by  the  hand.  Its  figure  when  dug 
out  was  a  four-sided  pyramid,  14  inches  high,  truncated  at  the  top ;  the  base 
8  inches  by  6  inches,  the  upper  face  4  inches  square.  It  weighed  about 
50  lb,    A  second  of  the  same  size  fell  at  a  place  about  twelve  miles  N.  by 

*  A  round  vessel  used  in  India  to  bold  or  carry  water. 
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E.,  in  N.  latitude  36°  27',  E.  longitude  3°  40',  which  cut  off  branches  from  n 
shrub,  excavated  a  hole  1  yard  wide  and  1  foot  deep,  and  afterwards  rolled, 
down  the  mountain-side  into  a  pathway,  where  it  was  found.  The  specific 
gravity  is  3*56 ;  the  crust  is  thin,  dull  black,  and  rough.  The  stones  attract 
the  magnet,  and  contain  about  10  per  cent.,  by  weight,  of  metallic  iron  alloyed 
with  nickel.  Sulphuret  of  iron  is  also  present,  with  chrome-iron  in  small 
octahedral  crystals.  The  meteorites  contain  soluble  salts  of  soda  (carbonate 
and  chloride),  and  consist  in  their  earthy  portions  of  double  silicates  of  iron 
and  magnesia,  partly  attackable  and  partly  unattacked  by  muriatic  acid.  The 
greenish-grey  spherules,  very  hard  and  compact,  with  crystals  of  Enstatyte  and 
Peridote,  and  other  minerals  scattered  through  the  stone,  are  described  by 
K.  Daubree  a»  they  appeared  under  the  microscope. 

(7.)  1866,  May  30th,  3h  45m  a.m.     St.  Mesmin,  Aube,  France. 
(Comptcs  Rendus,  1866,  June  18th,  vol.  xlii.) 

A  reddish  meteor,  drawing  a  long  train  of  red  fire,  as  seen  from  Nangia 
and  Bray-sur-Seinc,  buret  over  the  ubanlieue*,,  of  St.  Mesmin.  Its  disap- 
pearance was  followed,  at  intervals  of  about  twenty  seconds  towards  the  E., 
and  of  three,  four,  or  five  minutes  towards  the  W.S.W.,  from  which  quarter 
the  meteor  came,  by  three  cannon-like  reports.  After  a  clattering  noise  and 
a  noise  like  rolling  thunder  that  gradually  died  away,  an  aerolite  1  pound 
in  weight  struck  the  earth  with  a  loud  shrieking  noise*  in  a  railway -cutting 
at  Haute  de  la  Garenne,  two  yards  from  the  rails,  and  penetrated  9  inches 
into  the  sloping  bank.  A  second,  nearly  half  a  mile  from  the  first,  was  dis- 
covered at  Bas-le-Brun,  which  weighed  5  pounds ;  and  a  third,  weighing 
4  pounds,  fell  one  mile  from  the  other  two.  An  indentation,  about  half  an 
inch  in  width  with  a  fresh  surface,  upon  the  smallest,  is  covered  with  thin 
thread-like  lines  of  the  perfectly  fused  dull  black  crust,  where  an  angle  of  the 
meteorite  is  supposed  from  this  circumstance  to  have  been  broken  off  during 
its  flight  in  the  air.  The  specific  gravity  is  3-56 ;  and  the  stones  contain  5  or 
6  per  cent,  by  weight  of  metallic  iron  combined  with  nickel.  Protosulphuret 
of  iron  and  chrome-iron  ore  are  also  present.  The  earthy  portion  of  the  me- 
teorites consists  of  about  60  per  cent,  of  a  mineral  which  is  impure  olivine, 
and  about  40  per  cent,  of  highly  siliceous  mineral  unattackable  by  muriatic 
acid. 

(8.)  1866,  June  9th.     Shortly  before  5h  p.m.  (local  time). 

Stoncfall ;  Knyahinya,  Nagy  Berezna,  Hungary.     (Vienna  Acad. 
Sitzungsber.",  July  12th,  and  October  11th,  1866.) 

Two  scientific  persons,  commissioned  by  the  government  from  Pcsth,  after 
inquiry  upon  the  spot  into  the  circumstances  of  this  stonefall,  gave  their 
report,  of  which  the  following  is  the  substance  : — 

The  stones  struck  the  earth  in  great  numbers  on  an  area  1200  yards  in 
length,  in  lat.  49°  N.,  long.  22°  E.  from  Greenwich.  Tho  meteor  was  seen 
at  distances  varying  from  thirty  to  seventy-five  miles  from  the  place  of  fall. 
At  Eperies,  fifty-five  miles  west  from  Knyahinya,  it  presented  the  appear- 
ance of  a  burning  birch-rod.  Tho  handle,  which  was  directed  foremost,  was 
deep  red :  and  the  meteor  shot  over  Saros  and  Zemplin  to  a  point  duo  east, 
▼here  it  burst,  scattering  its  fragments  in  all  directions,  and  houses  shook 

*  An  experiment  by  which  most  of  tho  different  noises  made  by  meteorites  in  falling, 
wwb  as  hamming,  buzzing,  shrieking,  &„\t  can  dd  imitated,  may  bo  made  by  projecting 
fragments  of  iron  of  different  shapes  from  a  common  sling. 
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with  the  explosion.  At  Knyahinya  the  report  was  like  that  of  a  hundred 
cannons. 

A  dense  cloud,  ten  times  the  apparent  width  of  the  son,  marked  the  path 
of  the  fireball,  extending  itself  towards  Unghvar,  a  distance  of  twenty-fire 
miles  8.,  5°  W.  from  Knyahinya  ;  and  it  remained  visible  for  fifteen  minutes. 
Two  or  three  minutes  after  the  report  was  heard,  a  rattling  sound  came  from 
the  direction  of  the  streak,  and  labourers  at  work  in  the  fields  saw  stones  falL 
These,  when  picked  up,  were  ice-cold,  and  emitted  a  strong  sulphurous  odour, 
that  might  be  perceived  at  a  distance  of  a  mile  round  the  place  of  fall.  At 
least  sixty  stones  were  found,  and  the  largest  buried  themselves  obliquely  at 
an  angle  of  30°  or  36°  to  the  horizon.  Thirty-five  fragments  of  the  aerolite 
were  sent  by  the  Commissioners  to  Pesth. 

A  perfectly  incrusted  stone  was  forwarded  to  Dr.  Haidinger  at  Vienna. 
who  cites  the  stonefall  of  Knyahinya,  with  that  of  Stanncrn,  as  a  proof  that 
aerolites,  in  their  native  orbits,  occasionally  consist  of  a  swarm  of  separate 
stones,  bound  together  by  their  mutual  gravitation,  while  yet  revolving  in  an 
orbit,  like  one  body  round  the  sun.  The  stone  is  marked  by  depressions  upon 
its  surface,  like  a  perfect  aerolite,  and  in  its  interior  parts  presents  a  marbled 
appearance,  like  the  stones  of  Parnallee  and  Assam.  The  specific  gravity  is 
3-520. 

IV. 

(1.)  Meteorio  showers  of  October,  1864,  and  1865  compared  with  previous 

Meteoric  showers. 
The  exact  date  of  the  October  shower  is  not  fixed,  but  varies  between  the 
15th  and  26th  of  October.  On  the  18th  of  October  1864,  and  again  on  the 
20th  of  October  1865,  shower-meteors  were  observed  at  Hawkhurst,  diverg- 
ing from  a  particularly  well  defined  radiant,  at  v  Orionis,  which  preserved  its 
place  almost  fixed  in  two  successive  years.  The  following  is  a  comparison 
of  the  meteors  mapped  with  those  of  other  showers.  The  Table  shows  that 
a  large  percentage  of  the  meteors  mapped  in  the  October  shower  were  far 
more  conformable  to  a  radiant-point  than  was  the  case  with  the  meteors  in 
any  of  the  other  well-known  and  previously-examined  showers.  The  initials 
M.  N.  refer  to  the  Royal  Astronomical  Society's  '  Monthly  Notices.' 


Sign  of  Radiant,  and  date  of 
observation. 
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3-0  Ibid.  p.  37. 

4-0  M.N.wri.p-51 
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The  meteors  observed  at  Hawkhurst,  from  which  the  mean  deviations  of 
the  first  two  places  of  the  list  were  taken,  were  figured  upon  a  map ;  and  a 
list  of  the  selected  observations  (only)  is  annexed  in  the  following  Tables,  of 
which  the  particulars  have  already  been  given  fully,  or  in  part,  in  the  Cata- 
logue of  the  Report  for  1864. 


Selected  last  of  Conformable  Meteors  observed  at  Hawkhurst, 
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Mected  list  of  Meteors  observed  at  Hawkhurst,  1864,  April  19th  and  20th 
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Fig.  1. 


Badiant  K, ;  18C1,  January  2nd.    B,  A.  204°,  N.  Decl.  51° 


Fig.  2. 


Radiant  D  O,;  1864,  April  l'Ali  to  20th.    H,  A.  277°,  N.  Dccl.  35". 
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(2.)  .Meteoric  shower  of  1865,  November  13th,  a.m. 

Mr.  W.  H.  Wood  reports  at  Weston-super-Mare : — On  the  night  of  the 
12th  of  November,  from  5b  to  8h  p.m.,  and  again  at  llh  30m  p.m.,  the  sky- 
was  clear  at  intervals,  but  no  meteors  were  seen.  After  midnight  the  sky 
continued  overcast  until  the  morning.  On  the  night  of  the  13th,  until  lh  a.m. 
on  the  morning  of  the  14th,  the  sky  was  partially  clear,  but  no  meteors  were 
wvn.  It  then  clouded  over  completely  until  4h  30™  a.m.,  when  personal 
watching  was  abandoned,  no  symptom  of  a  meteoric  shower  having  appeared 
up  to  this  time.  From  5h  30m  a.m.  until  sunrise  the  sky  was  clear  (commu- 
nicated), and  orange- coloured  meteors  appeared,  falling  at  the  rate  of  12  per 
hour,  from  a  general  altitude  of  25°  in  the  N.  and  N.N.W.,  vertically  down. 
ttr.  H.  Holiday  reports  at  Torquay:— On  the  night  of  the  12th  of  No- 
vember, at  9h  p.m.,  Cassiopeia  was  visible  through  a  break  in  the  clouds. 
The  sky  was  afterwards  examined  at  intervals  throughout  the  night,  and  was 
Smiiu  ccsstsp*  ly  overcast.  On  the  night  of  the  13th  the  sky  was  very  cloudy, 
uod  watching  on  thuf1Sgb*Lwas  abandoned. 

Mr.  T.  Cnimplcn  reports  at  London : — "  This  morning  [the  13th J  the  sky 
became  almost  cloudless  at  lh  15m  a.m.  There  were  fewer  meteors  than  one 
ni:qht  expect  to  see  ;  but  those  1  saw  were  of  all  magnitudes,  varying  from 
Venn's  at  its  brightest  to  fifth-magnitude  stars.  The  radiant  in  Leo  came  out 
Tery  well;  I  also  suspect  a  radiant  near  a  Tauri." 

Mr.  George  Knott  thus  describes  the  meteors  on  the  morning  of  the  13th 
of  November,  at  Cuckfield,  in  Sussex  (see  Monthly  Notices  of  the  Man- 
chester Lit.  and  Phil.  Soc.,  Phys.  and  Math.  Section,  Dec.  7th,  1865):— Two 
observers  watched  the  southern  half  of  the  sky.  "  Between  12h  and  lh  a.m. 
we  counted  39  meteors,  giving  an  average  of  rather  more  than  0-6  per  minute ; 
the  next  55  minutes  added  61  to  the  number,  giving  an  average  of  1*1  per 
minute.  After  half  an  hour's  interval  we  resumed  our  watch  at  2h  25m  a.m., 
and  between  that  hour  and  3h  5m  a.m.,  when  we  ceased  observing,  we  noted 
55  meteors,  showing  that  tho  average  had  risen  to  1*4  per  minute.  The  ob- 
servations of  the  last  40  minutes  showed  very  clearly  that  the  radiant-point 
vas  in  the  immediate  vicinity  of  the  star  £  Leonis,  or  perhaps  between  that 
star  and  <  and  /i  of  the  same  constellation — the  neighbourhood,  in  fact,  of  what 
the  Rev.  C.  Pritchard  happily  terms  the  "  apex  of  the  earth's  way."  The 
paths  of  a  few  meteors  seemed  to  suggest  a  second  radiant-point  in  the  neigh- 
bourhood of  fi  Tauri,  but  the  observed  flights  were  too  few  to  afford  satisfac- 
tory evidence  on  the  point." 

Mr.  R.  P.  Greg  reports  at  Manchester : — "  On  the  night  of  the  12th,  during 
the  hour  from  llb  to  12h  r.M.,  I  saw  only  two  meteors.  It  then  clouded  over, 
hut  liccame  quite  bright  again  a  few  minutes  before  lh  a.m.  Between  lh  and 
&  a.h.  I  saw  a  considerable  number,  of  which  I  mapped  some  20  or  30,  but 
had  Dot  time  to  enter  all  tho  particulars.  The  radiant-point  was  not  quite 
a  definite  one,  some  nearer  Leo  Minor  than  Leo.  Hardly  any  were  visible, 
except  near  the  radiant-point ;  say  from  Ursa  Major  to  Cam's  Minor.  These 
Xorember  meteors  were  very  phosphorescent,  in  fact  nothing  else, — even  the 
tager  ones.  I  saw  two  from  Cassiopeia,  tho  regular  radiant,  as  different  as 
possible  in  appearance.     At  2h  a.m.  it  clouded  over." 

Observations  of  the  same  shower,  by  Mr.  T.  P.  Barkas  at  Newcastle-upon- 
Tyne,  Mr.  S,  H.  Miller  at  Wisbeach,  and  Mr.  S.  B.  Kincaid  at  Strcatham, 
near  London,  will  be  found  in  the  Catalogue  of  this  Report. 

On  the  morning  of  the  13th  of  November,  the  meteoric  shower  was  ob- 
■eped  at  the  Greenwich  and  Cambridge  Observatories,  and  at  Hawkhurst, 
with  a  view  to  determining  the  heights  and  velocities  of  the  meteors.    The 
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hourly  number  of  the  meteors  is  stated  by  Mr.  Glaisher  and  Professor  Challis 
to  have  exceeded  all  before  recorded  at  either  of  those  two  observatories 
More  than  250  meteors  (279)  were  recorded  at  Greenwich,  from  shortly  after 
midnight  until  shortly  after  5h  a.m. 

Nearly  a  thousand  meteors  are  computed  to  have  been  visible  at  Greenwich 
during  the  hours  from  lh  to  5h  a.m.,  appearing  in  greatest  abundance  during 
the  hour  from  lh  to  2h  a.m.  Nearly  two-thirds  (172)  left  luminous  train? 
visible  for  several  seconds  after  the  disappearance  of  the  meteors.  Their 
unusual  number,  and  the  appearance  of  leaving  luminous  6treaks,  agree  with 
Olmsted's  description  of  the  famous  meteors  of  the  13th  of  November  1S&, 
and  leave  no  doubt  that  the  meteors  were  a  partial  return  of  the  meteoric 
shower  of  that  year. 

The  number  of  meteors  of  the  first  class  (16)  recorded  at  Hawkhurst  during 
the  hour  from  midnight  to  1  o'clock  on  the  morning  of  the  14th,  was  nearly 
equal  to  the  number  (17)  recorded,  under  equally  favourable  circumstance^ 
during  the  same  hour  on  the  morning  of  the*  13th. 

The  following  are  the  hourly  numbers  of  meteors  observed  at  the  three 
places  during  the  progress  of  the  shower : — 


Hours  of  Observation,  a.m. 

Oktolh 

lhto2h 

2*  to  3* 

3*to4*> 

4*  to  5* 

"Greenwich,  Nov.  13  ... 

23 

91 

66 

48 

45 

Total  number 
of  meteors 
observed  at 

Cambridge,  Nov.  13  ... 

Hawkhurst,  Nov.  13  ... 

wHawkhurst,  Nov.  14  ... 

41 
17 
16 

57 
21 

33 

The  meteors  here  recorded,  with  the  exception  of  six  meteors  observed  at 
Greenwich,  were  equal  to  stars  of  the  3rd  magnitude  or  upwards.  More 
than  half  the  total  number  of  the  meteors  were  equal  to  or  brighter  than 
l8t-magnitude  stars.  The  number  of  observers  was  six  at  the  Greenwich 
Observatory,  three  at  Cambridge,  and  one  at  Hawkhurst.  The  sky  was  for  the 
most  part  cloudless  throughout  the  time,  and  the  moon  rose  at  about  4hAJr. 

Amongst  the  list  of  shooting-stars  seen  at  Hawkhurst,  seventeen  were 
identical  with  meteors  observed  at  Greenwich.  Fifteen  other  meteors  of  the 
list  were  identical  with  meteors  seen  at  the  Observatory  at  Cambridge.  The 
heights  and  velocities  of  ten  of  these  accordant  meteors  were  calculated 
(Tables  I.,  II.) ;  and  this  is  also  the  number  of  accordances  calculated  by 
Drs.  Heis  and  Behrmann,  of  meteors  observed  on  the  same  night  between 
Miinster  and  Gottingcn.  The  average  height  of  the  middle  of  the  apparent 
paths  differs  little,  at  both  places,  from  sixty  miles  above  the  surface  of  the 
earth. 

Tables  I.  and  II.  contain  the  apparent  and  computed  paths  observed  at 
Hawkhurst,  Greenwich,  and  Cambridge.  Table  III.  contains  the  paths  of 
10  meteors  similarly  observed  by  Dr.  Heis  and  Dr.  Behrmann,  on  the  night 
of  the  13th  of  November,  and  computed  by  Dr.  Behrmann  (Astr.  Nachr. 
vol.  lxvi.  p.  331-332). 

The  average  velocity  of  11  meteors  directed  from  Leo  is  55£  English  miles 
per  second.  The  average  velocity  of  4  meteors  directed  from  Taurus  or 
Perseus  is  nineteen  miles  per  second.     As  the  former  radiant-region  is  hardly 
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20°,  and  the  latter  more  than  100°  removed  from  the  "  apex  of  the  earth' t 
way"  it  follows  that  the  earth's  motion  of  translation  is  plainly  recognise: 
as  the  result  of  observation,  by  its  effect  of  increasing  the  speed  of  the  meteors 
from  the  former  radiant-point  to  55J  miles  per  second,  and  diminishing  the 
speed  of  the  meteors  from  the  latter  radiant-point  to  nineteen  miles  per 
second. 

The  position  of  the  radiant-point  in  some  part  of  the  constellation  Leo  was 
noted,  with  the  following  results,  at  Greenwich  and  at  Hawkhurst — to  which 
aro  added  the  positions  of  the  same  radiant-point  observed  by  Dr.  Heis,  and 
by  observers  in  America,  on  the  morning  of  the  13th  of  November  1SG5:— 

Placo  find  Observer  s  name,  and  Position  of  Radiant  in  Lao,     . 

Hour  of  Observation.  1865,  Nov.  13th,  a.m.        J 

Greenwich (lh  to  5h  a.m.,  Mr.  Glaisher)  . .  R.  A.  160°,  N.  Decl.  $f  J 

Hawkhurst (lh  to  3h  a.m.,  Mr.  Herschel)  . .      „     148  „       23    * 

Minister (0h  to  0U  30m  a.m.,  Dr.  Heis)  . ,      „     148  „       24    J 

Ncwhaven,  U.  S. . .  (Prof.  H.  A.  Newton) „     1 48  „       t)    ' 

Philadelphia,  U.  S.  (Mr.  B.  Y.  Marsh) „     148  „       24 

The  four  latter  positions  are  in  remarkably  close  agreement  with  tk 
position  of  the  same  radiant-point  (It.  A.  148°  10',  N.  Decl.  23°  45')  observed 
by  Professor  Aiken  at  Emmettsburg,  Md.,  U.S.A.,  from  4h  45m,  to  6h  45,L 
a.m.,  on  the  13th  of  November  1833.  (Am.  Journ.  Sci.,  1st  Series,  vol.  xxrL 
p.  330.) 

(3.)  Meteoric  Shower  of  January  2nd  and  April  20th,  186G. 
The  January  and  April  showers,  in  1866,  as  shown  by  observations  con-    I 
tained  in  the  Catalogue,  were  completely  in  default. 

(4.)  Meteoric  Shower  of  May  18th,  1866. 
Meteors  of  the  first  class  (7=lst-mag.,  2=2nd-mag.,  3=3rd-mag.  stars) 
were  observed  at  the  Royal  Observatory,  Greenwich,  towards  midnight  on 
the  18th  of  May  1866,  falling  at  the  rate  of  12  per  hour.  The  radiant-point, 
although  somewhat  indefinite,  was  distinctly  the  radiant  Qa  (No.  XXa)  of 
Dr.  Heis  and  Mr.  Greg,  between  Corona  and  the  Head  of  Hercules.  The  date, 
on  account  of  the  possibility  of  a  connexion  existing  between  shower  meteors 
in  May  and  the  star-showers  of  November,  merits  attention,  with  the  view  of 
determining  further  points  of  radiation. 

(5.)  Meteoric  Shower  of  August  1866. 

A  period  of  about  103  years,  noticeable  in  the  returns  of  the  Angu>t 
meteors,  would  bring  two  star-showers  of  the  years  830  and  833  a.d.,  cited 
by  Biot  from  the  Chinese  Annals,  into  immediate  relation  with  the  pheno- 
menon of  the  10th  of  August,  1863,  to  which  the  first  or  second  of  these  star- 
showers  might  correspond. 

The  hourly  number  of  meteors  on  the  night  of  tho  10th  of  August,  1N'»'». 
was  not  greatly  above  the  ordinary  scale  of  the  phenomenon.  A  large  meteor 
appeared  in  daylight  over  the  south  of  England  at  8h  15m  p.m.,  on  the  even- 
ing of  the  8th ;  and  a  large  fireball  was  observed  at  Hawkhurst  at  0h  42% 
on  the  morning  of  the  10th. 

At  the  Royal  Observatory,  Greenwich,  the  sky  was  clear  on  the  7th,  and 
175  meteors  were  observed.  Two  meteors  were  observed  through  a  break  in 
the  clouds  on  the  8th.  The  sky  was  again  clear  on  the  9th,  and  113  meteors 
were  mapped  in  a  few  hours.  On  the  night  of  the  10th,  24  meteors  were 
observed  through  breaks  in  the  clouds.     The  radiant  was  in  Perseus. 

At  Richmond,  near  London,  on  the  night  of  the  10th  of  August,  the  clouds 
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began  to  break  at  midnight ;  and  the  sky  was  completely  clear  at  0h  15m  a.m. 
on  the  11th.  Between  the  hours  of  llh  55m  p.m.  on  the  10th,  and  lh  5m  a.m. 
on  the  11th,  Mr.  J.  Browning  counted  26  meteors — six  first-class,  leaving 
trains  (3  bine,  2  yellow,  1  white).  A  third  part  of  the  sky  was  in  view 
throughout  the  time. 

At  London,  Mr.  T.  Crumplen  reports  meteors  very  scanty  on  the  9th.  There 
was  a  thunderstorm  on  the  10th,  with  cloudy  and  unsettled  weather  until 
il*  p.m.  The  sky  was  afterwards  clear  at  intervals.  Electrical-looking 
clouds  and  distant  lightning  were  conspicuous  through  the  night  as  in  pre- 
rii>03  years.  A  few  meteors  were  observed  radiating  from  B  Camelopardi  and 
aLynr. 

At  Birmingham,  Mr.  W.  H.  Wood  reports : — "  The  present  return  of  the 
August  meteors  has  exceeded  the  ordinary  scale  of  the  phenomenon  in  point 
cf  numbers,  and  exhibits  a  radical  and  probably  a  physical  difference  in  the 
nature  of  the  substance  composing  the  meteoric  shower,  as  compared  with  that 
of  August  1864.  In  the  latter,  various  tints  of  yellow  and  red  were  its  cha- 
racteristics, whilst  the  present  shower  is  almost  entirely  composed  of  blue 
neteors  of  the  smaller  class,  the  proportion  of  colours  being  as  follows — 

Bed.       Orange  or  yellow.     White.  Blue.  Total. 

5  11  12  42         70  meteors; 


O  11  125 

and  the  proportion  of  magnitudes  being — 

= Jupiter.  =Siriu*.        «=  1st  mag.      =2 


= Jupiter.  =Siriu*.       «=  1st  mag.      = 2nd  mag.  = 3rd  mag. 

1  9  14  22  34 

Total,  80  meteors. 

*  One-fourth  part  of  the  meteors  left  phosphorescent  trains. 

'■  The  prolongation  of  the  meteors'  paths  towards  the  points  of  origin,  indi- 
cted two  areas  of  radiation  whence  the  entire  shower  emanated — one  radiant 
area  about  3  Perse i,  and  the  other  about  D  Camelopardi. 

'*  The  rate  of  appearance  recorded  by  an  unassisted  observer  was  as  follows: — 


Aug.  8th,  10*  to 

10th,  llh  p.m.  to 

llhF.II. 

9th,  p.m. 

10th,  p.m. 

llth,l*A.M. 

LOUT      12 

12 

16 

20 

Meteors  per  hour 

and  these  numbers  are  probably  loss  than  half  tho  real  ratio." 

At  Hawkhurst,  on  the  nights  of  the  9th  and  10th,  the  sky  was  remarkably 
fle&r  to  unaided  vision.  Bright  meteors  were  frequent,  and  a  large  fireball 
Wt  overhead  on  the  morning  of  the  10th.  The  meteor  itself  was  not  seen ; 
but  a  streak  was  left  for  20  seconds,  and  the  flash  of  light  resembled  that  of 
lightning ;  no  report  was  heard.  The  hourly  number  of  meteors  for  an  un- 
assisted observer  was  about  15  per  hour  on  the  9th,  increasing  to  very  nearly 
*■  per  hour  on  the  morning  of  the  11th.  On  the  night  of  the  11th  the  sky 
*u  overcast. 

Observations  of  August  Meteors,  1866,  with  the  Spectroscope. 
Mr.  Browning  having  constructed  three  binocular  spectroscopes  for  the 
British  Association,  on  a  plan  approved  by  the  Committee,  for  examining  the 
spectra  of  meteors  in  the  next  November  shower,  the  instruments  were  cm- 
ployed  by  Mr.  Glaishcr,  Mr.  Herschel,  and  Mr.  Browning,  to  examine  tho 
*p«*ra  of  meteors  on  the  9thr  and  10th  of  August.  Owing,  however,  to  a 
delay  in  the  delivery  of  the  instrument  at  Greenwich,  observations  of  metcor- 
jpectra  could  not  be  commenced  until  the  10th.  At  the  Royal  Observatory, 
tiwenwich,  and  at  Bichmond  on  Thames  (Mr.  Browning's  station),  the  sky 
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on  the  night  of  the  10th  was  for  the  most  part  cloudy,  and  all  attempts  to 
catch  the  spectrum  of  a  meteor  proved  in  vain. 

Spectrum  observations  were  begun  at  Hawkhurst  on  the  evening  of  the  9th ; 
and  the  sky  proving  remarkably  clear  for  this  kind  of  observations,  they  were 
continued,  until  daybreak,  on  the  following  nights  of  the  9th  and  10th. 

No  difficulty  was  found  in  mapping  the  course  of  the  meteors  in  the  spec- 
troscope by  the  stars,  of  which  a  whole  constellation,  as  for  example  the  seven 
stars  of  Ursa  Major,  are  seen  in  the  instrument  at  once.  The  brightness, 
duration,  and  length  of  path,  and  whether  the  meteor  left  a  streak  upon  its 
course,  could  also  be  noted  in  the  instrument  as  readily  as  with  the  unassisted 
eye  ;  so  that  by  this  means  the  apparent  paths  of  17  meteors  were  noted  in 
six  hours,  of  which  all,  or  all  but  one,  diverged  from  Perseus  and  Cassiopeia. 
The  proportions  of  magnitudes  were  as  follows : — 

=Siriui.  =  1st  mag.  =  2nd  mag.  =  3rd  mag.  =  4th  mag. 

2  4  4  4  2 

The  spectroscope  being  so  held  that  the  course  of  the  meteors  was  parallel 
to  the  refracting  edges  of  the  prisms,  the  appearance  of  their  meteoric  spectra 
was  found  to  be,  in  general,  altogether  different  from  the  view  of  the  same 
meteors  obtained  by  the  naked  eye.  Nevertheless  in  one  instance  (No.  S) 
the  appearance  of  a  meteor  in  the  spectroscope  was  unaltered,  being  that  of 
an  ordinary  bright  shooting-star,  leaving  a  slender  yellow  streak  upon  ite 
.  course.  In  some  oases  (of  the  most  conspicuous  streaks),  the  appearance  of 
the  brightest  and  last  fading  portion  of  the  streaks  in  the  spectroscope  was 
the  same  as  to  the  naked  eye,  being  a  bright-yellow-coloured,  slender  line. 
Lastly,  when  the  spectrum  of  the  meteoric  streak  was  diffuse,  a  bright-yellow 
very  slender  line  was  frequently  observed  in  the  spectrum  on  the  side  toward* 
the  red,  which  either  faded  away  simultaneously  with  the  diffuse  portion  of 
the  spectrum,  or,  more  commonly,  remained  visible  alone  after  that  portion 
of  the  spectrum  had  disappeared.  The  bright-yellow  line  was  observed  ic 
eight  cases  among  1 7  meteoric  spectra.  Its  presence  in  a  very  conspicuous 
form  in  many  of  the  streaks  leads  Mr.  Herschcl  to  the  conclusion  that  the 
metal  sodium  is  abundant  in  tho  10th  of  August  meteors.  The  following 
account  of  the  original  discovery  of  a  yellow  line  strongly  resembling  that 
of  sodium  in  the  train-spectra  of  the  August  meteors,  is  taken  from  Mr. 
Herschel's  description  of  the  observations,  in  the  '  Intellectual  Observer ' 
for  October,  1866,  where  it  is  accompanied  by  a  tinted  plate : — 

"  All  the  necessary  preparations  having  been  made,  and  with  the  prospect  of 
a  considerable  meteoric  shower  at  hand,  a  watch  for  meteors  was  commenced, 
in  order  to  observe  their  spectra,  on  the  night  of  the  9-10th  of  August  last 
Expectation  on  the  first  night  was  not  destined  to  bo  disappointed,  and  six 
meteors  were  observed  to  pass  across  the  field  of  view.  Notes  of  the  peculia- 
rities wero  made,  and  of  the  general  appearance  of  their  spectra,  and  are 
briefly  as  follows : — 

"  August  9th. — No.  1,  8h  40m  p.m.  About  equal  to  a  fourth-mag.  star. 
Passed  across  the  body  of  Oygnus  in  half  a  second,  leaving  no  streak.  Hie 
spectrum  exactly  resembled  that  of  a  fourth-mag.  star  (o  Cygni),  close  to  which 
the  meteor  passed,  the  conclusion  being  that  the  meteor  might  be  a  solid  body 
heated  to  ignition. 

"August  mh.— No.  2,  0*  2?°  a.m.  Nearly  as  bright  as  Sinus.  Com- 
menced near  Polaris  (in  the  field  of  view),  and  shot  15°  or  20°  (beyond  the 
field  of  view)  along  a  line  directed  from  Cassiopeia,  leaving  a  streak  on  its 
-^hole  course  for  four  seconds.    The  latter  part  of  the  meteor's  course  was 
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teen  with  the  naked  eye.  In  the  spectroscope,  two  images  of  the  meteor  and 
>f  the  streak  were  visible,  one  refracted,  and  one  accidentally  reflected  at  the 
side.  These  two  images  of  the  meteor  and  of  its  streak  could  not  be  distin- 
ruished  apart,  at  least  in  their  general  appearance, — the  conclusion  being  that 
the  light,  both  of  the  nucleus  and  of  its  luminous  streak,  was  homogeneous, 
md  that  its  luminous  substance  was  a  gas. 

*•  No.  3,  0h  42m  a.m.  A  very  brilliant  fireball  with  a  flash  like  lightning 
nirst  overhead,  leaving  a  streak  from  rfCygni,  halfway  to  a  Lyra,  for  twenty 
seconds.  A  cloud  unfortunately  dimmed  the  streak.  In  the  spectroscope, 
i*  far  as  cloud  would  permit  any  judgment  of  the  streak  to  be  formed,  its 
aspect  was  the  same  as  to  the  unassisted  eye.  The  light  of  the  streak  was 
therefore  probably  homogeneous,  and  the  streak  itself  probably  a  luminous  gas. 
"No.  4,  lh  15m  a.m.  About  equal  to  a  second-mag.  star.  Shot  in  three- 
quarters  of  a  second  from  tf  Cassiopeia,  halfway  to  o  Honorum,  and  then 
turned  round  the  quarter  of  a  circle  to  u  Honorum,  where  it  vanished,  leav- 
ing a  streak  for  half  a  second  on  its  course.  In  the  spectroscope,  the  general 
appearance  of  the  meteor  and  of  the  streak  in  the  field  of  view  was  the  same 
as  that  of  the  purely  reflected  image  by  the  side, — the  conclusion  being,  as 
before,  that  the  light,  both  of  the  meteor  and  of  the  streak,  was  homogeneous, 
or  that  the  luminous  substance  of  the  meteor  was  a  gas. 

"No.  5,  lh  40m  a.m.  About  equal  to  a  second-mag.  star.  Passed  slowly 
through  a  short  path  near  /3  Tauri,  directed  from  Cassiopeia ;  duration  one 
second,  leaving  a  streak  at  the  place  for  three  seconds.  The  spectrum  of  the 
meteor  and  streak  was  quite  equally  diffused  over  a  space  about  £°  in  width ; 
its  colour  greyish  white ;  the  diffuse  train-spectrum  vanished  without  further 
change, — the  conclusion  being  that  in  this  case  the  train  might,  like  the  nucleus, 
bt  composed  of  heated  sparks. 

"  No.  6,  2*  15m  a.m.  Equal  to  a  first-mag.  star.  Shot  on  the  same  course 
as  No.  2;  duration  one  second,  leaving  a  bright  streak  for  four  seconds.  The 
spectroscope  was  turned  towards  the  streak  before  it  disappeared.  The  train 
was  widened  by  the  prisms  to  a  greyish-white  band,  somewhat  greater  than 
a  quarter  of  a  degree  in  breadth.  It  faded  from  sight  without  further  change, — 
the  conclusion  in  this  case  also  being  that  the  train  might  possibly  be  composed 
oj  looted  sparks. 

"  Three  spectra  in  the  foregoing  observations  appeared  homogeneous,  like 
that  of  a  luminous  gas  (Nos.  2,  3,  4) ;  and  three  were  continuous  or  diffuse 
iXos.  1,  5,  6),  like  that  of  an  ordinary  spark.  The  question,  accordingly, 
whether  luminous  meteors  might  or  might  not  contain  solid  substance,  re- 
mained undecided,  when  daylight  beginning  to  appear  put  a  stop  to  further 
observations. 

"  The  following  night  observations  could  fortunately  be  resumed ;  and  the 
perplexing  appearance  of  the  meteor-spectra  on  the  previous  night  received  a 
truly  surprising  and  most  satisfactory  explanation,  in  the  repeated  appear- 
ance in  the  spectra  of  the  streaks  of  a  yellow  line,  unmi&takeahly  that  of  the 
wtol  sodium  in  combustion. 

"Two  observers  being'engaged  to  watch  on  this  night,  one  checked  the  ob- 
servations of  the  other  with  the  naked  eye.  The  troublesome  reflected  image 
in  the  spectroscope  could  accordingly  be  dispensed  with,  and  it  was  kept  out 
°f  sight;  so  that  the  views  obtained  of  the  meteor-spectra  camp  as  nearly  to 
perfection  as  could  be  wished. 

"August  lOtft,  continued.— No.  7,  4h  22m  p.m.  Equal  to  a  flrst-raag.  star. 
%>t  from  y  Cephci  to  I  Draconis  in  three-quarters  of  a  second,  leaving  a 
bright  streak  for  five  seconds  on  its  course.    The  meteor  first  appeared  in  the 
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field  of  view,  and  passed  out  of  it.  The  brightest  portion  of  the  streak,  how- 
ever, was  brought  into  the  middle  of  the -field  of  view,  where  it  occupied  is 
excellent  position  (parallel  to  the  refracting  edges  of  the  prisms)  for  viewing 
its  prismatic  spectrum.  A  slight  effect  of  distortion  (produced  in  the  prisms) 
caused  it  to  appear  somewhat  bent,  like  a  bow,  across  the  field  of  view.  The 
spectrum  presented  the  appearance  of  a  narrow  line  of  light,  exceedingly 
brilliant,  of  a  golden -yellow  colour,  and  not  more  than  5'  in  width.  It  faded 
gradually  along  its  whole  length,  and  disappeared  in  about  two  and  a  half  or 
three  seconds.  Its  description,  noted  in  the  register,  kept  for  the  purpose  at 
the  time,  was — "neither  double,  triple,  nor  multiple,  nor  continuous,  but 
purely  and  positively  monochromatic." 

"  August  1 1th. — No.  8, 0h  15m  a.m.  Equal  to  a  third-mag.  star.  Shot  from 
/3  Ccphei  to  I  Draconis  in  three-quarters  of  a  second,  leaving  a  luminous 
streak  for  two  seconds.  The  spectrum  of  the  streak  was  a  remarkably  slender 
orange-yellow  line  of  no  appreciable  breadth,  without  any  continuous  spectrum 
near  to  it,  or  any  other  neighbouring  bands  or  lines.  It  was  very  bright, 
remaining  in  sight  two  seconds,  and  it  gradually  faded  away  until  it  vanished. 
The  spectrum  of  the  nucleus  appeared  to  be  undistinguishably  the  same  as 
that  of  the  streak. 

"  No.  9,  0h  20m  a.m.  Equal  to  a  third-mag.  star.  Shot  from  a  Cephei  to 
33  Cygni  (Fl.)  in  three-quarters  of  a  second,  leaving  a  streak  for  one  second 
and  a  half.  The  spectrum  of  the  streak  was  dull  grey,  diffuse,  about  j°  in 
width,  with  a  yellow  line  included  in  it  on  the  side  towards  the  red.  The 
yellow  line  and  the  diffuse  band  disappeared  together.  The  spectrum  of  the 
nucleus  appeared  to  be  appreciably  the  same  as  that  of  the  streak. 

"  No.  10, 0h  33m  a.m.  Equal  to  a  fourth-mag.  star.  Shot  from  p  Cassiopeia 
to  o  Honorum  in  half  a  second,  leaving  no  streak.  The  spectrum  of  the 
nucleus  appeared  to  be  concentrated  into  a  few  faint  lines  with  wide  intervals 
between  them ;  but  this  description  is  very  uncertain. 

"  No.  11,  0h  33m  a.m.  Equal  to  a  third-mag.  star.  Returned  about  half- 
way along  the  course  of  the  preceding  meteor  in  half  a  second,  leaving  no 
streak.  The  spectrum  of  the  nucleus  was  a  concentrated  point  of  yellow 
light,  having  all  the  appearance  of  an  ordinary  yellow  shootiug-star. 

"  No.  12, 0h  42m  a.m.  Equal  to  Sirius ;  colour  white.  Shot  from  o  Trian- 
guli  to  77  Piscium  in  one  second  and  a  quarter,  leaving  a  streak  for  four  seconds 
on  its  course.  In  the  spectroscope  the  meteor  slowly  crossed  the  middle  of 
the  field  of  view,  on  a  course  directly  parallel  to  the  refracting  edges  of  the 
prisms,  producing  a  very  superb  spectrum.  The  spectrum  of  the  nucleus  was 
red,  green,  and  blue,  extremely  brilliant.  The  train-spectrum  was  diffuse, 
|°  in  width,  in  which  a  thin  bright  orange-yellow  line  was  plainly  seen  on 
the  side  towards  the  red.  The  diffuse  portion  of  the  train-spectrum  faded  in 
about  two  seconds,  apparently  following  the  nucleus.  The  sodium  line  re- 
mained extremely  bright  for  not  less  than  two  seconds  longer,  and  faded 
gradually  along  its  whole  length,  when  it  also  disappeared.  The  singular 
characters  of  this  spectrum  were  most  distinctly  and  beautifully  seen,  and  the 
long  endurance  of  the  sodium  line,  after  the  rest  had  disappeared,  was  leisurely 
watched. 

"  No.  13,  lh  23m  a.m.  Equal  to  a  third-mag.  star.  Shot  from  P  Camelo- 
pardi  to  a  Draconis  in  half  a  second,  leaving  a  streak  for  two  seconds  on  its 
course.  The  train -spectrum  was  a  diffuse  band  of  greyish  light  £°  wide, 
somewhat  brighter  on  the  side  towards  the  red,  and  it  so  vanished.  The 
spectrum  of  the  nucleus  was  appreciably  the  same  as  that  of  the  streak. 

"  No,  14,  lh  55m  a.m.     Equal  to  a  first  mag.  star.     Shot  from  o  Custodis  to 
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3°  below  Polaris  in  three-quarters  of  a  second,  leaving  a  bright  streak  for 
three  seconds.  The  meteor  first  appeared  in  the  field  of  view,  and  passed  out 
of  it.  The  spectrum  of  the  early  portion  of  the  streak,  behind  the  nucleus, 
was  a  greyish  diffuse  band  £°  in  width.  The  spectrum  of  the  nucleus  was 
appreciably  the  same.  The  brightest  part  of  the  streak,  before  it  faded,  was 
brought  into  the  field  of  view,  well  situated  parallel  to .  the  edges  of  the 
prisms,  and  in  the  middle  of  the  field  for  about  two  seconds.  Its  appearance 
was  that  of  a  golden-yellow  line  of  light  about  5°  in  length,  some  4'  in  width, 
tapering  gently  towards  the  ends,  and  perfectly  sharp  and  well  defined.  It 
was  unaccompanied  by  any  continuous  spectrum,  or  any  bands  or  other  lines, 
and  it  so  disappeared  from  the  ends  towards  the  centre. 

"  No.  15,  2h  15m  a.m.  Equal  to  a  second-mag.  star.  Shot  from  /itoa  An- 
dromedae  in  three-quarters  of  a  second,  leaving  a  streak  for  two  seconds. 
The  train-spectrum  was  a  diffuse  greyish-white  band,  |°  in  width,  and  about 
6°  or  7°  long,  and  faded  away  without  any  further  change.  The  spectrum 
of  the  nucleus  showed  prismatic  colours. 

'•Xo.  16,  2h  16m  a.m.  Equal  to  a  second-mag.  star.  Shot  from  *  Cassio- 
peia to  /3  AndromedsB  in  half  a  sefcond,  leaving  a  streak  for  two  seconds  and 
a  half.  The  meteor  was  seen  with  the  unassisted  eye.  The  last-fading  por- 
tion of  the  streak  was  examined  in  the*  spectroscope,  where  it  appeared  more 
widely  diffused  than  when  seen  with  the  naked  eye.  Its  colour  in  the  spec- 
troscope was  a  dull  greyish  white. 

•'  No.  17,  2h  2T*  a.m.  Brighter  than  a  first-mag.  star.  Shot  from  a  Cas- 
siopeia to  o  Honorum,  leaving  a  streak  for  two  seconds  and  a  half.  The 
train-spectrum  was  a  diffuse  greyish-white  band  £°  in  width,  not  sensibly 
brighter  in  any  part,  and  it  so  faded.  The  spectrum  of  the  nucleus  was 
bright  red  and  green. 

"  Daylight  at  this  time  began  to  appear,  and  observations  were  obliged  to 
be  discontinued ;  the  streaks  of  the  August  meteors  might,  however,  already 
be  plainly  divided  into  two  classes.  In  the  majority  of  cases,  a  bright  yellow 
line,  having  the  unmistakeable  appearance  of  the  sodium  line,  was  clearly 
visible  in  the  spectrum.  In  a  smaller  number  of  cases  the  spectrum  was 
merely  a  diffuse  and  greyish  light  band,  or  ordinary  spectrum  of  weak  inten- 
sity, resembling  the  spectrum  of  the  glowworm's  light.  It  will  be  interesting 
to  observe  this  form  of  meteorio  spectrum,  should  it  be  more  common  among 
the  "  phosphorescent "  streaks  of  the  November  meteors  than  it  was  in  August 
last,  when  only  five  such  purely  "  phosphorescent "  streaks  were  noticed 
entirely  free  from  sodium  light. 

"  The  spectra  of  the  meteor-nuclei  were  seen  in  a  few  cases  only  with 
distinctness,  as  they  were  in  general  overpowered  by  the  brightness  of  the 
sodium  light  whenever  that  was  present.  When  the  streaks  were  phospho- 
rescent only,  and  free  from  sodium  light,  the  nuclei  in  general  presented 
highly-coloured  spectra,  like  the  spectrum  of  solid  matter  at  a  glowing  white 
heat,  or  like  the  spectrum  of  an  ordinary  gas-flame  containing  white-hot 
solid  particles  of  carbon.  A  better  night  for  observing  nucleus-spectra  would 
be  the  12th  of  December,  when  meteors  leaving  no  trains  are  plentiful ;  and 
they  are  for  the  most  part  very  brilliant,  radiating  from  some  part  of  the 
constellation  Gemini. 

"  That  which  spectral  examination  of  the  August  meteors  has  most  certainly 
brought  to  light  is  the  existence  of  an  extraordinary  quantity  of  the  vapour 
of  sodium  in  their  luminous  streaks ;  so  that  many  of  the  streaks,  especially 
the  most  conspicuous  and  the  most  slowly-fading  amongst  them,  consist  of 
nothing  else  but  soda-flames  for  a  great  proportion  (that  is  to  say,  the  latter 
1866.  L 
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portion)  of  the  time  that  they  continue  visible.  Their  condition  is  then 
exactly  that  of  a  flame  of  gas  in  a  Bunsen's  burner,  freely  charged  with  the 
vapour  of  burning  sodium,  or.  of  the  flame  of  a  spirit-lamp  newly  trimmed 
and  largely  dosed  with  a  supply  of  moistened  salt. 

"  It  is  difficult  to  believe  that  the  vapour  of  the  metal  sodium  exists  in  such 
considerable  quantities  at  the  confines  of  the  atmosphere.  It  is  much  more 
reasonable  to  suppose  that  it  is  brought  into  the  atmosphere  by  the  meteors 
themselves,  so  as  to  be  deposited  in  the  luminous  trains  that  mark  their 
course.  The  material  of  the  August  meteors  is,  therefore,  probably  a  mineral 
substance  in  which  sodium  is  one  of  the  chemical  ingredients.  Such  is  the 
rather  satisfactory  termination  of  an  experiment  which  it  will  be  very  easy 
to  repeat  whenever  an  abundance  of  meteors  on  the  night  of  the  10th  of 
August  offers  an  equally  favourable  opportunity  for  examining  their  spectra 
by  the  aid  of  the  meteor  spectroscope. 

"The  connexion  believed  by  adherents  of  Chladni  to  exist  between  shooting- 
stars  and  aerolites  is  now  shown,  at  least  in  August,  to  extend  itself  in  some 
measure  to  their  chemical  composition.  The  meteorites  of  Aumale,  which  fell 
on  the  25th  of  August  1865,  were  found,  on  analysis  by  M.  Daubree,  to  con- 
tain soluble  salts  (chloride  and  carbonate)  of  sodium.  A  circumstance  so  un- 
common in  the  composition  of  aerolites,  allies  the  meteorites  of  Aumale  very 
closely  with  the  sodium-bearing  streaks  of  the  meteors  of  the  10th  of  August. 

"  In  this  manner,  each  new  acquisition  of  knowledge,  however  unforeseen 
may  be  its  origin,  tends  to  support  the  theory  of  Chladni,  and  to  confirm  the 
belief  that  shower-meteors  and  shooting-stars  are  actually  aerolites  of  small 
dimensions.  In  whatever  manner  aerolites  and  shooting-stars  are  related  to 
each  other  in  their  astronomical  and  other  peculiarities,  they  will  evidently 
require  a  vast  number  of  further  experiments  to  unfold  their  real  source/' 


Report  of  the  Committee  appointed  to  Investigate  the  Alum  Bay  Leaf- 
Bed.  By  W.  Stephen  Mitchell,  LL.B,,  F.G.S.,  Cuius  College, 
Cambridge* 

The  bed  known  to  geologists  as  the  "  Leaf-bed/'  or  "  Pipe-clay  bed,"  of 
Alum  Bay,  is  the  band  of  white  clay  which  occurs  in  the  lower  Bagshot  beds 
in  Alum  Bay,  about  200  feet  from  their  base  (No.  42  in  Memoir  of  the 
Geological  Survey).  It  is  about  6 ..feet  thick ;  but  one  portion  only,  a  few 
inches  in  thickness,  contains  the  plant-remains.  No  other  organic  remains 
whatever  have  been  noticed. 

The  occurrence  of  these  plant-remains  was  first  observed  by  Mr.  Prestwich 
(see  Geol.  Soc.  Journ.  1847,  p.  395),  and  since  then  collections  have  been  made. 

Dr.  P.  de  la  Harpe,  of  Lausanne,  examined  these,  and  gave  a  notice  of 
several  species  in  a  paper  on  the  "  Flore  tertiaire  de  TAngleterre,"  which 
appeared  in  the  '  Bulletin  de  la  Sooie'te'  Yaudoise  des  Sciences  Naturelles  * 
for  June  1856.  In  December  1860,  in  conjunction  with  Mr.  J.  W.  Salter, 
F.G.S.,  he  prepared  the  list  which  is  published  in  the  memoir  of  the  Geological 
Survey  of  the  Isle  of  Wight, 

This  list  includes  the  collections  from  "  the  same  strata  worked  at  Bourne- 
mouth and  Gorfe  Castle,  in  Purbeck,  Dorset ;  "  yet  for  the  compilation  of  it 
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the  total  number  of  specimens  that  could  then  be  brought  together  from  the 
three  localities  was  but  about  300. 

It  is  therefore  no  matter  of  surprise  that  in  larger  collections  since  made 
many  fresh,  forms  are  met  with. 

At  our  last  Meeting  at  Birmingham  I  exhibited  drawings  of  some  few  of 
the  most  striking  new  forms,  and  mentioned  that  both  Dr.  P.  de  la  Harpe 
and  Dr.  Oswald  Heer  urged  the  importance  of  a  more  careful  examination  of 
this  flora. 

A  committee  for  this  purpose  was  appointed,  and  the  sum  of  £20  was 
placed  at  our  disposal.  Through  the  kindness  of  Professor  Sedgwick  and 
the  Vice-Chancellor  of  the  University  of  Cambridge,  we  obtained  the  services 
of  Mr.  H.  Keeping,  now  at  the  Woodwardian  Museum,  who  has  had  much 
experience  in  the  working  of  this  bed. 

1  went  down  to  Alum  Bay  last  September  with  Mr.  Keeping,  and  remained 
there  during  the  working  to  note  the  appearance  of  the  leaves  when  first 
turned  up. 

In  the  majority  of  instances,  not  only  the  outline,  but  the  venation,  even 
the  most  delicate,  is  at  first  clearly  visible,  though  a  few  hours'  exposure  to 
the  air  almost  obliterates  the  more  delicate  marks.  A  washing  with  a  solution 
of  isinglass  often  preserves  them ;  indeed  in  some  instances  it  brings  them  out 
even  more  sharply ;  but,  unfortunately,  it  often  fails.  There  are  some  speci- 
mens on  which  I  partly  traced  the  venation  with  pencil  as  soon  as  they  were 
exposed  ;  now,  after  an  interval  of  ten  months,  they  are  so  faded  that  the 
part  not  pencilled  is  hardly,  if  at  all,  to  be  made  out.  It  is  much  to  be 
regretted  that  there  is  this  difficulty  in  preserving  the  specimens,  and  we 
shall  be  very  glad  to  receive  suggestions  for  their  treatment.  All  our  speci- 
mens have  had  the  usual  isinglass  wash,  though  I  fancy  it  somewhat 
obscures  the  character  of  the  surface  of  the  leaves.  I  cannot  speak  with 
certainty  on  this  point ;  for,  as  I  had  not  anticipated  such  a  result,  I  did  not 
record  the  character  of  the  surfaces  among  the  notes  I  made  on  the  spot. 
Still,  from  comparing  the  recollection  I  have  of  the  appearance  of  the  leaves 
when  first  turned  up  with  their  appearance  now,  I  am  almost  certain  this  is 
the  case.  This  I  the  more  regret  as  the  character  of  the  surface  of  a  leaf  is 
often  a  useful  help  in  determining  its  genus .  I  hope  to  have  an  opportunity 
of  again  examining  this  bed ;  and  I  shall  endeavour  to  take  both  drawings 
and  complete  descriptions  of  the  leaves  before  the  air  and  light  have  in  any 
way  injured  them. 

After  a  fortnight,  bad  weather  put  a  stop  to  our  work.  We  had,  however, 
succeeded  in  obtaining  a  good  collection,  numbering  altogether  some  470 
specimens.  The  leaves  are,  on  .the  whole,  well  preserved,  but  the  bed  in  one 
part  yielded  forms  so  indistinctly  marked  as  to  be  almost  worthless. 

I  have  in  course  of  preparation  descriptions  of  all  the  leaves  in  this,  as 
well  as  in  my  own  collection,  which  I  will  lay  before  one  of  the  learned 
societies  of  London*. 

Were  they  now  complete,  this  would  not  be  the  suitable  place  for  reading 
them ;  and  the  publication  of  them  in  a  report,  without  drawings,  would 
much  lessen  their  value. 

I  have  brought  drawings  of  some  of  the  leaves,  which  show  that  the  aid 
afforded  by  this  Association  for  examining  this  bed  has  helped  us  to  obtain, 
not  only  finer  specimens  than  Dr.  P.  de  la  Harpe  and  Mr.  Salter  had  at  their 
disposal,  but  also  many  fresh  forms. 

*  The  Palaeontographical  Society  has  undertaken  the  publication  of  a  monograph. 
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1  decline  to  attempt  to  fix  the  number  of  new  species,  or  even  genera,  which 
we  are  able  to  add  to  the  list  in  the  Survey  Memoir ;  for  not  only  is  the  deter- 
mination of  fossil  leaves  at  all  times  very  unsatisfactory,  but  that  list  was  not 
intended  for  a  monograph,  and  has  neither  drawings  (except  a  few)  nor  the 
exactness  of  description  requisite  for  identification.  Then,  too,  the  nomen- 
clature of  fossil  leaves  is  very  unsettled,  the  same  leaf  having  often  half  a 
dozen  different  names. 

With  regard  to  the  species  of  fossil  leaves,  I  believe  the  word  "  form " 
might  often  with  advantage  be  used  where  "species"  is  now  universally 
employed.  "  Species  "  is  applicable  only  to  the  entire  plant ;  "  form "  is 
applicable  to  individual  leaves.  When  we  consider  the  variation  often  met 
with  in  leaves  growing  on  the  same  tree,  I  think  we  see  reason  for  great 
caution  in  determining  what  "  forms  "  represent  the  existence  of  distinct 
"  species." 

[Mr.  Mitchell  exhibited  photographs  and  drawings  of  some  of  the  larger 
and  more  interesting  leaves]. 


Report  of  the  Committee  appointed  to  make  Experiments  on  the  differ* 
ence  between  the  Resistance  of  Water  to  Floating  and  to  Immersed 
Bodies.  The  Committee  consists  of  John  Scott  Russell,  C.E., 
F.R.S.;  James  R.  Napier;  Professor  Rankine,  C.E.,  F.R.S.; 
and  W.  Frotjde. 

The  following  Report  describes  the  experiments  made  by  the  Committee. 

The  Committee  held  several  meetings  in  the  course  of  the  winter  and 
spring  of  1864-65,  and  agreed  to  a  programme  of  experiments,  of  which  the 
following  is  a  summary : — 

"  1.  Two  models  to  be  made  of  painted  wood,  designated  respectively  as 
A  and  B. 

"  2.  The  models  to  be  ship-shape,  and  each  of  them  to  consist  of  two  equal 
and  similar  halves  joined  together  at  the  middle  water-line. 

Elements  of  Models. 

A.  B. 

Length 4         feet  4  feet 

Breadth,  |  of  length    0-571  foot  0-571  foot 

Total  depth 0-571  foot  0-364  foot 

Form  of  midship  section Circle  Ellipse 

Area  of  midship  section   0-256  sq.  foot        0-163  sq.  foot 

Ratio  of  those  areas 1 :  0-6366 

Form  of  water-lines  of  fore  body    Harmonic  curves 

Form  of  water-lines  of  after  body Trochoids 

(Stem  and  stern-post  at  first  intended  to 

be  vertical  straight  lines,  but  afterwards 

rounded  off  to  prevent  the  corners  from 

being  chipped.) 
Length  of  fore  body :  length  of  after  body      : :  3  :  2  3:2 

Mean  girth 1-45  feet  1  foot 

Displacement  when  half  immersed 17228  lb.  10-986  lb. 


ON  THE  RESISTANCE  OP  WATER.  149 

"  3.  Model  A  to  be  in  two  parts,  joined  at  the  circular  midship  section,  so 
that  by  turning  the  after-body  through  a  right  angle  about  a  longitudinal 
axis  the  water-lines  can  be  converted  into  buttock-lines,  and  vice  vend. 

"  4.  Experiments  to  be  made  according  to  the  method  formerly  put  in  prac- 
tice by  Mr.  Scott  Russell,  in  which  the  uniformity  of  the  propelling  force  is 
maintained  by  means  of  a  regulating  weight  hanging  from  a  pulley,  under 
which  the  hauling  cord  passes ;  the  model  to  be  guided  in  a  straight  course 
by  means  of  a  stretched  wire. 

44  5.  Those  experiments  to  be  made  principally  at  speeds  not  exceeding  the 
natural  speed  of  the  wave  corresponding  to  the  length  of  the  model,  viz. 
about  two  knots  per  hour,  or  3*38  feet  per  second ;  but  a  few  experiments 
may  be  made  at  higher  speeds. 

"  6.  The  experiments  to  be  made  on  each  model  under  two  circumstances, 
viz.,  with  the  model  immersed  as  nearly  as  may  be  to  the  middle  water-line, 
and  with  the  model  totally  immersed." 

The  programme  of  experiments  having  been  thus  drawn  up  by  the  Com- 
mittee, the  superintendence  of  its  execution  was  undertaken  by  Mr.  Scott 
Russell,  as  being  the  only  member  of  the  Committee  resident  in  or  near 
London. 

Full-sized  drawings  of  the  models  having  been  prepared  in  conformity 
with  the  programme,  the  models  were  made  from  those  drawings*. 

The  actual  execution  of  the  experiments  was  entrusted  by  Mr.  Russell  to 
Mr.  J.  Quant,  Naval  Architect,  who  performed  that  duty  with  a  skill  and 
assiduity  which  the  Committee  desire  to  acknowledge  in  the  highest  terms. 

The  experiments  were  made  upon  a  lake  in  Blackheath  Park,  the  use  of 
which  for  that  purpose  was  liberally  granted  by  Dr.  Joseph  Kidd. 

A  platform  was  laid  down  near  the  water's  edge,  and  on  it  was  erected 
a  trestle;    in  the  crosspiece  at  the  top,  two  brass  wheels  were,  made  to 
turn  in  sheave-holes ;  on  the  outside  and  against  the  platform  in  the  water 
an  oak  pole  was  fixed,  on  which  pole,  a  little  above  the  water,  another  brass 
wheel  was  made  to  turn,  care  being  taken  that  the  inside  of  the  rim  of  this 
wheel  was  in  a  perpendicular  line  with  the  outer  rim  of  the  outer  wheel 
in  the  top  of  the  crosspiece;   from  the  oak  pole  to  a  length  of  about  98 
feet,  where  another  pole  was  fixed  in  the  water,  was  stretched  a  wire, 
about  9  inches  above  the  surface  of  the  water,  to  act  as  guide  for  the  model 
when  running,  two  forks  being  fixed  on  the  model  for  that  purpose.     At  a 
distance  of  20  feet  from  the  outer  pole  was  driven  a  stake  into  the  bed  of  the 
lake,  exposing  its  top  above  the  water ;  at  25  feet  from  the  first  stake,  a 
second  was  driven,  and  at  25  feet  from  the  second,  a  third.     In  commencing 
an  experiment,  a  silk  cord  was  passed  over  the  wheels,  and,  when  geared 
round  the  lower  wheel,  the  end  was  fixed  by  a  hook  to  the  model.     The 
model  was  then  drawn,  by  means  of  another  cord,  to  the  outer  pole ;  and  on 
its  arrival  there  this  cord  was  unhooked,  and  the  model  held  by  a  boy  seated 
on  the  top  of  the  pole.     The  propelling  weight  was  then  suspended  between 
the  two  top  wheels  in  the  trestle  on  the  platform,  by  means  of  a  pulley 
under  which  the  cord  passed ;  and  whilst  the  boy  yet  held  the  model,  the 
propelling  weight  was  hoisted  up  to  a  height  of  6  feet  from  the  ground.  The 
word  "  go "  was  then  given,  the  model  set  free,  and  the  propelling  weight 
allowed  to  fall  to  within  a  few  inches  of  the  ground,  and  there  held  by 
steadily  hauling  in  the  cord  till  the  model  arrived  at  the  platform.     While 
the  model  was  running,  observations  were  taken  as  to  die  time  when  it 

*  Both  drawings  were  exhibited  at  the  Birmingham  Meeting  and  also  Model  B.    Model 
A,  bong  in  use,  was  not  sent  to  Birmingham. 
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passed  each  post*.    The  first  20  feet  were  intended  to  enable  the  model  to 
acquire  a  uniform  speed  by  the  time  it  arrived  at  the  first  post.  

A  drawing  of  the  apparatus  just  described  was  shown  at  the  Birmingham 
Meeting. 

As  the  form  of  model  A  when  half  immersed  is  of  itself  unstable,  it  vu 
partly  hollowed  out,  and  made  stable  by  the  help  of  leaden  ballast.  It  vas 
found  impossible  to  make  satisfactory  experiments  with  this  model  at  deep 
immersions,  because  it  then  became  too  heavy  to  be  trimmed  with  that  de- 
gree of  delicacy  which  was  requisite  for  the  experiments.  "With  model  k^~ 
therefore,  the  bow  and  stern  were  combined  in  various  ways ;  and  the  under-* 
water  experiments  were  made  with  model  B.  This  model  floated  exactly  at 
half  the  depth  when  solid,  and  with  that  immersion  the  experiments  wera 
taken  as  given  in  the  following  Tables.  It  was  afterwards  hollowed  out,  and 
then  loaded  to  such  an  extent  as  just  sensibly  to  tend  to  sink.  Borne  rum 
were  taken  with  this  model  a&  deep  as  15  inches ;  and  at  that  time  it  was  to 
a  slight  extent  hanging  on  the  wire,  so  as  to  meet  with  a  little  additional 
friction  :  these  runs  are  marked  with  an  asterisk. 

While  model  B  was  being  hollowed  out,  the  run  was  lengthened  to  150  feet, 
so  that  in  each  subsequent  experiment  four  observations  of  speed  could  be 
made. 

The  following  Tables  show  the  observations  as  made  when  the  models  wert 
running. 

The  first  column  gives  the  number  of  the  experiment ;  the  second  columa 
the  weight  suspended  as  before  mentioned,  plus  the  weight  of  the  pulley  am 
spindle,  the  sum  being  called  the  "  propelling  weight."  The  resistance  of  th* 
model  in  each  case  was  of  course  approximately  one-half  of  this  propellia§ 
weight. 

The  third  and  fourth  columns  give  the  times  occupied  by  the  model  to  nil 
through  the  first  and  second  spaces  of  25  feet  each ;  the  fifth  column  giro 
the  mean  of  the  two  former  columns ;  the  next  three  columns  are  the  thro 
preceding  reduced  to  speed  in  feet  per  second ;  the  next  column  is  the  meal 
of  the  runs  made  with  the  same  propelling  weight,  in  feet  per  second. 

The  phenomena  that  take  place  at  high  speeds  are  described  and  illustrate 
by  sketches. 

Plate  I. 

Plan  of  the  Lake  "  Fleur  de  Lis  "  at  Blackheath,  on  which  the  experiments  were  take 
A  is  the  platform  on  which  the  trestle  was  erected  for  the  propelling  weight  Tl 
line  A  B  shows  the  guiding  wire.  B  is  the  starting  point  from  which  the  assist* 
started  the  models  ;  and  between  A  and  B,  parallel  with  the  wire  and  about  9  inch 
away  from  it,  are  placed,  at  equal  intervals,  the  poles  which  serve  to  mark  the  time 
the  passing  models.  C  is  the  station  of  a  boat,  by  means  of  which  the  assistant  cor 
municates  with  station  B.  A  vertical  section  from  A  to  B  in  this  plate  is  given  < 
Plate  III. 

Plate  IL 

Contains  the  body-plan,  profile,  and  waterlines  of  Model  A.  From  aft,  at  the  height 
half  the  depth,  the  spindle  is  seen  round  which  the  bow  or  stern  was  turned  at  wi 
as  was  required  for  the  experiments. 

Plate  IIL 

The  upper  drawing  shows  the  body-plan,  profile,  and  waterlines  of  Model  B.  The  wafcerlir 
of  both  models  in  the  bow  are  pure  curves  of  lines,  and  in  the  stern  trochoids.  T 
lower  diagram  on  this  plate  represents  a  section  of  the  experimental  station  A: 
shown  on  Plate  I.  A  is  a  trestle  erected  to  carry  the  propelling  weight,  which 
maintained  at  the  stationary  height  shown  on  the  diagram ;  and  the  propelling  li 
passes  over  a  pulley  near  the  level  of  the  water. 

*  With  a  stop-watch  lent  for  the  purpose  by  Mr.  Frodsham. 
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Position  1,  a. 
Area  of  immersed  section =014  square 
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square  foot.    Weight  of  model,  17*228 
lb. 
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Position  4,  d. 
Area    of    immersed    seotion=(M28 
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Remarks  mi  Modtl  A. 

In  Position  1  the  model  at  high  speeds  raised  waves  before  and  behind. 
In  Position  2  higher  speeds  were  impracticable,  the  stern  lifting  itself  out 
of  the  water  ;   in  fact,  with  the  propelling  weight  -6871b.,  there  was  a  little 
wave  propagated.     In  this  position  the  model  was  exactly  half  trim,  there 
being  ample  stability  in  this  position. 

In  Position  3,  with  the  last  propelling  weight,  a  beautiful  wave  was 
formed,  also  with  the  last  weight  but  one,  but  not  so  large. 

In  Position  4  further  experiments  were  fruitless.  Its  path  or  course 
was  so  irregular  that  taking  down  quantities  was  impossible.  It  may,  how- 
ever, be  remarked,  comparing  Position  No.  3  with  Position  No.  4,  that  the 
latter  has  more  resistance  than  the  former. 

In  Position  5,  with  a  propelling  weight  of  '687  lb.,  a  wave  was  formed  as 
hhown  in  the  sketch,  and  these  waves  became  larger  as  the  propelling  weight 
increased. 

In  Position  6  further  experiments  were  abandoned,  the  phenomena  being 
the  same  as  in  Position  No.  2. 
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•  Position  1,  t. 
Area  of  immersed  midship  section  = 
0  0816  square  foot     Weight  of  model « 
10-986  lb. 


With  the  propelling  weight  1*187  lb.  the  model  raised  a  wave  in  the  bow 
and  stern ;  and  these  waves  became  larger  as  the  weight  increased. 
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Position  2,  k. 
Area   of    immersed  midship  section 
=00816  square  foot      Weight  of  mo- 
del, 10-986  lb. 

-« 


1 '     From  the   propelling  weight  -687  lb. 
4*66     upwards,  the  model  raised  wares ;  and 
*      <  those  waves  became  larger  as  the  speed 
increased,  and  spread  themselves  hori- 
zontally in  the  form  of  a  wave-line. 
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The  experiments  from  No.  151  to  No.  172  were  taken  with  the  lengthened 
ran.  The  acceleration  with  the  larger  weight  was  nearly  one  second  every 
five  and  twenty  feet ;  hence  the  difference  when  the  quantities  are  compared 
with  Position  1.  The  unseasonable  weather  made  it  necessary  to  stop  the 
above  experiments  and  commence  those  in  which  the  model  was  entirely  im- 
mersed. 
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SUMMARY. 
Model  A. 
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Half  immersed.  Stem  and  stern  vertical,  bow  foremost    ... 

„  „          Stem  vertical,  stern  horizontal.         „ 

„  „          Stem  horizontal,  stern  vertical.  .       „ 

„  „          Stem  and  stern  horizontal.                „ 

„  „          Stem  and  stern  vertical,  stern  foremost  ... 

„  „           Stem  horizontal,  stern  vertical,  stern  foremost 

Wholly  immersed.  Stem  and  stern  vertical,  bow  foremost    

„  „          Stem  vertical,  stern  horizontal,  bow  foremost 
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In  the  preceding  statement  the  Committee  have  given  simply  the  observed 
facts,  deferring  for  the  present  to  draw  from  them  any  general  conclusions. 
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Report  on  Muscular  Irritability  and  the  relations  which  exist  between 
Muscle,  Nerve,  and  Blood.     By  Richard  Norris,  M.D. 

31  trscuLAB  irritability  is  commonly  recognized  and  defined  as  that  property 
of  muscular  tissue  by  virtue  of  which  it  contracts  under  the  influence  of 
stiinulL 

This  property  is  said  by  Du  Bois  Reymond  to  bear  a  definite  relation  to  its 
electromotor  powers.  He  says,  "  the  diminution  of  the  muscular  current 
after  death  is  proportional  to  the  diminution  of  the  excitability  of  the  muscle; 
both  the  electromotor  force  and  the  excitability  have  the  same  termination, 
t.  e.  in  the  rigor  mortis,  caused,  as  Brueck  has  proved,  by  the  coagulation  of 
the  fibrin  contained  in  the  muscles  external  to  the  blood-vessels."  As  a 
general  summary  of  his  researches  on  this  question,  Du  Bois  Beymond  again 
Ktvs,  "  the  electric  power  of  a  muscle  is  always  proportioned  to  its  contracti-  - 
lity,  inasmuch  as  those  agents  which  do  not  influence  its  contractility  exert 
no  influence  on  its  current." 

Matteucci  has  asserted  "  that  the  muscular  current  continually  decreases 
after  the  death  of  the  animal,  or  after  the  separation  of  the  muscle  from  the 
body"*. 

Taken  in  concert,  these  statements  of  Matteucci  and  Reymond  amount  to 
this :  muscular  irritability  continually  decreases  after  the  removal  of  a  muscle 
from  nervous  and  blood  influences.  This  view  of  the  gradual  decline  of 
muscular  irritability  after  somatic  death  is  concurred  in  by  physiologists 
jrenerally.  Certain  researches  in  which  the  author  of  this  paper  has  been 
long  engaged,  have  led  him  to  doubt  the  accuracy  of  this  conclusion  as  a  ne- 
cessary and  fundamental  truth. 

A 8  the  consideration  of  the  subject  opens  up  a  considerable  range  of  ex- 

*  By  tbe  death  of  an  animal  the  author  of  this  paper  understands  the  loss  of  the  pro- 
perty of  excitability  or  neurility  on  the  part  of  the  ganglionic  nervous  masses,  without 
power  of  restoration,  in  fact  molecular  death  of  the  vesicular  nervous  tissue.  It  is  certain 
that  the  phenomena  of  life,  as  manifested  by  animals,  may  be  again  aroused  into  exhibition 
so  long  as  the  capacity  for  molecular  life  persists  in  the  nervous  system,  notwithstanding 
that  both  respiration  and  circulation  may  have  long  ceased.  In  a  chapter  on  death,  p.  905 
of  Carpenters  '  Principles  of  Human  Physiology,'  the  following  passage  occurs: — "  A  surer 
te*L  however,  is  afforded  by  the  condition  of  the  muscular  substance ;  for  this  gradually 
lo**  it*  irritability  after  real  death,  so  that  it  can  no  longer  be  excited  to  contraction  by 
electrical  or  other  kind  of  stimulation ;  and  the  loss  of  irritability  is  succeeded  by  the 
appearance  of  cadaveric  rigidity.  So  long,  then,  as  the  muscle  retains  its  irritability  and 
remains  free  from  rigidity,  so  long  we  may  say  with  certainty  that  it  is  not  dead ;  and  the 
persistence  of  its  vitality  for  an  unusual  period  affords  a  presumption  in  favour  of  the 
continuance  of  some  degree  of  vital  action  in  the  body  generally ;  whilst,  on  the  other 
hand,  the  entire  loss  of  irritability  and  the  supervention  of  rigidity  afford  conclusive  evi- 
dence that  death  has  occurred/' 

On  this  the  present  writer  would  remark  that  although  the  persistence  of  muscular 
irritability  affords  strong  presumptive  evidence  of  the  existence  of  systemic  life,  vet  it 
cannot  be  invariably  relied  upon,  inasmuch  as  the  irritability  may  in  cases  of  excessive  inter- 
stitial change  increase  after  the  molecular  death  of  the  nervous  masses  and  the  final  arrest 
of  the  blood-current.  On  the  other  hand,  universal  rigor  mortis,  the  result  of  the  absence 
of  blood  or  suitable  nutritional  plasma,  is  a  certain  evidence  of  death  whenever  the  circum- 
stances of  the  case  imply  that  the  nervous  system  has  also  been  subjected  to  a  simultaneous 
absence  of  improper  nutrition,  inasmuch  as  it  appears  to  be  a  law  without  exception,  that, 
if  muscular  and  nervous  tissues  be  simultaneously  shut  off  from  their  source  of  nutrition, 
the  molecular  life  of  the  nervous  tissue  is  the  first  to  succumb.  It  is,  however,  possible 
to  conceive  of  certain  spasmodic  affections  of  the  minute  arteries  supplying  muscular 
tissue  in  warm  bloods  inducing  rigor  rapidly,  in  the  same  manner  as  defigation  of  arterial 
trunks ;  and  if  at  the  same  time  it  should  happen  from  any  collateral  circumstance  that 
this  condition  of  vascular  spasm  did  not  extend  to  the  nervous  masses,  somatic  death 
would  not  necessarily  be  implied  even  by  the  existence  of  rigor.  Universal  putrescence  is 
therefore  the  only  absolute  evidence  of  death. 
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perimental  inquiry,  it  is  conceived  that  it  may  be  most  efficiently  discussed 
in  its  various  bearings  by  an  attempt  to  support  the  following  propositions, 
mainly  derived  from  the  study  of  phenomena  which  are  best  and  most  con- 
stantly seen  in  cold-blooded  animals,  but  which  nevertheless,  under  favour- 
able circumstances,  may  be  observed  in  warm-bloods,  and,  in  special  patho- 
logical conditions,  in  the  case  of  man  himself : — 

1.  That  the  property  of  irritability  in  muscle  is  capable  of  a  high  degree 
of  exaltation  above  the  normal  standard,  and  that  the  highest  degree  of  sus- 
ceptibility is  attained  in  cold-bloods  long  after  death,  or  under  conditions 
tantamount  to  death,  as  before  defined. 

2.  That  the  forces  of  nerve  and  muscle,  the  neurility  of  the  former  and 
the  irritability  of  the  latter,  are  not  only  independent  of  each  other  for  their 
existence  and  maintenance,  but  actually  possess  an  antagonistic  relation; 
that  is  to  say,  nerve- tissue,  instead  of  producing,  is,  when  in  action,  constantly 
concerned  in  maintaining  a  condition  of  things  which  diminishes  muscular 
irritability,  and  that  not  simply  when  it  is  engaged  in  the  production  of 
motion.  Hence  muscular  tissue,  relieved  from  the  operation  or  influence  of 
nerve- tissue,  gradually  acquires  exalted  contractile  powers  either  in  the  pre- 
sence or  absence*  of  the  blood. 

3.  That  the  blood,  or  the  nutritional  plasma  derived  therefrom,  not  only 
furnishes  the  materials  by  which  muscular  irritability  is  maintained,  but  is 
likewise  the  determining  cause  of  that  polar  arrangement  of  the  muscular 
molecules  which  maintains  or  restores  the  elongated  or  relaxed  state. 

It  is  a  well-observed  fact  in  physiology,  that  after  the  death  of  animals  the 
irritability  of  the  muscles  frequently  exhibits  itself  in  an  abnormal  manner. 
In  the  living  animal  or  the  amputated  limb,  the  contractions  which  are  in- 
ducible by  the  application  of  stimuli,  such  as  galvanism,  pinching,  or  striking, 
are  of  a  pulsatory  character;  that  is  to  say,  the  contraction  is  limited  in  extent 
and  speedily  gives  place  to  relaxation ;  but  in  the  cases  where  the  peculiarity 
alluded  to  is  present,  the  contractions  following  on  such  stimuli  are  more  ex- 
tensive and  persistent,  and  simulate  very  perfectly  contraction  induced  by 
volition.  The  same  peculiar  exalted  susceptibility  has  also  been  witnessed  in 
man  after  death  from  certain  forms  of  disease,  more  particularly  in  cholera 
and  yellow  fever. 

Dr.  Bennett  Dowler,  by  experimenting  upon  amputated  limbs,  proved  the 
dependence  of  this  phenomenon  upon  muscular  irritability  alone.  It  is  as- 
serted, not  only  that  in  some  of  these  cases  the  movements  can  be  excited  by 
mechanical  stimulation,  but  that  they  not  un frequently  occur  spontaneously, 
and  strongly  resemble  the  actions  of  the  living  state.  Carpenter  quotes  the 
case  of  an  Irishman,  aged  28,  in  whom  the  following  series  of  movements  took 
place  spontaneously  not  long  after  the  cessation  of  the  respiration : — "  first 
the  left  hand  was  carried  by  a  regular  motion  to  the  throat  and  then  U>  the 
orown  of  the  head ;  the  right  arm  followed  the  same  route  on  the  right  side ; 
the  left  arm  was  then  carried  back  to  the  throat  and  from  thence  to  the  breast, 
reversing  all  its  original  motions,  and  finally  the  right  hand  and  arm  did  exactly 
the  same."  This  hyper- irritable  condition  of  the  muscular  system  attracted 
the  notice  of  Dr.  Brown  Sequard,  and  he  found  it  to  present  itself  more  con* 
stantly  in  young  animals.  This  experience  of  Brown  Sequard's  is  conform- 
able with  my  own ;  but  I  have  also  been  fortunate  enough  to  observe  it  in 
cold-bloods  with  sufficient  frequency  to  enable  me  to  study  it.  It  is  well 
known  that  in  many  particulars  the  young  of  warm-bloods  are  analogous  to 
the  cold-bloods ;  and  one  of  these  is  the  length  of  time  that  muscular  irrita- 
bility persists* 
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I  will  now  cite  two  or  three  experiments  in  illustration  of  this  exalted 
state. 

April  7, 1863. — A  frog  carefully  etherized,  was  placed  upon  his  hack,  and 
the  heart  was  excised.  The  frog  was  then  left  till  the  following  morning,  a 
period  of  13  hours.  At  this  time  the  webs  and  toes  were  in  a  dried  state ; 
but  the  muscles  responded  with  extreme  readiness  to  slight  blows,  but  were 
not  thrown  into  contraction  when  pinched  by  forceps.  They  were  very 
susceptible  to  weak  galvanism.  These  observations  on  the  muscular  system 
having  been  made,  the  nervous  system  was  tested  by  removing  the  head  and 
attempting  to  irritate  the  cord.  Galvanizing  the  cord  would  not  excite  the 
muscles  even  when  a  copper  wire  was  thrust  low  down  into  its  substance. 
The  cord,  in  feet,  seemed  quite  incapable  of  either  initiating  or  conveying 
any  stimulus  to  the  muscles.  The  sciatic  nerve  was  now  raised  upon  a  glass 
tube,  and  it  was  found  that  it  could  not  be  excited  by  the  strongest  galvanism. 
The  neurility  or  special  life  of  the  nervous  system  was  in  fact  gone ;  while 
the  peculiar  life  of  muscular  structure,  viz.  its  irritability,  had  become  prcter- 
wituratty  exalted. 

Another  frog  having  been  etherized  till  incapable  of  exhibiting  any  reflex 
phenomena  (that  is  to  say,  until  the  nervous  system  was  temporarily  extin- 
guished), the  muscular  system  was  still,  under  these  conditions,  highly  sensi- 
tive to  galvanism.  The  frog  did  not  recover  from  the  etherization.  It  was 
allowed  to  remain  all  night ;  and  its  muscles  were  still  found  susceptible  to 
galvanism  in  a  high  degree,  but  not  to  other  modes  of  stimulation.  The 
nervous  matter  of  the  cord  Was  now  broken  down  and  removed,  and  the  body 
placed  in  a  little  water  to  prevent  desiccation.  It  was  again  left  all  night ; 
and  on  the  following  morning  the  muscles  were  found  to  be  exceedingly  sus- 
ctptibU  to  slight  blows  orpinchings  including  not  only  the  skin  but  also  a  small 
portion  of  muscular  substance.  These  motions  simulated  in  their  extent  and 
power  volitional  movements.  They  were  excited  with  the  utmost  ease,  and 
seemed  to  ordinary  observers  to  be  purposive  acts  resulting  from  sensation. 
These  effects  were  observed  36  hours  after  the  etherization  of  the  creature. 

May  18, 1863. — A  frog  having  died  in  spawning,  the  muscles  were  found 
to  be  somewhat  susceptible  to  slight  blows,  and  very  susceptible  to  galvanism. 
A  portion  of  the  calvarium  was  removed  so  as  to  allow  the  brain  and  cord  to 
be  tested.     A  copper  wire  was  thrust  into  the  canal,  and  an  attempt  made  to 
galvanize  the  cord,  but  with  no  result ;  neither  did  any  contraction  take  place 
during  the  final  destruction  of  the  cord.     In  fact,  the  nerve-tissue  was  dead 
and  could  not  be  stimulated.     This  frog  being  left  in  this  condition  for  15 
hours,  the  muscles  of  the  thigh  of  one  limb  were  found  to  be  peculiarly 
susceptible  to  the  influence  of  both  slight  blows  and  galvanism ;  and  when  a 
contraction  was  excited,  the  limb  was  forcibly  raised  or  drawn  up,  and  re- 
gained so  for  several  seconds.  After  a  few  minutes'  experimentation,  in  which 
many  contractions  were  produced,  the  force  appeared  to  be  exhausted ;   hence 
it  seemed  that  the  force  which  confers  contractility  had  accumulated  to  a 
certain  pitch  or  intensity,  and  was  used  up  in  the  act  of  contraction.     The  fol- 
lowing is  a  more  recent  observation,  from  my  experiment-book.   9  a.m.  August 
13, 1866.    "  On  taking  up  this  frog,  now  dead,  and  touching  the  limb,  with 
my  hnger,  which  during  life  had  been  paralyzed  by  section  of  its  nerve,  it  was 
ivddeidy  shot  out  as  if  alive.     I  placed  the  body  down,  and  one  or  two  appa- 
lynfly  spontaneous  movements  of  small  extent  afterwards  occurred.    On  touch- 
ug  the  skin  gently  with  the  point  of  a  needle,  by  the  slight  pressure  upon 
the  muscle  beneath,  movements  of  the  limb  were  also  induced ;  but  this  high 
degree  of  exaltation  "very  rapidly  disappeared,  after  which  the  muscles  were 
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found  ordinarily  sensitive  to  galvanism."  It  is  necessary  to  stale  that  the 
limb  exhibiting  these  effects  had  been  paralyzed,  so  far  as  nervous  influence 
is  concerned,  for  63  hours,  and  deprived  of  blood  for  at  least  6. 

We  have  here,  then,  three  examples  in  which  this  phenomenon  has  been 
produced  artificially,  and  one  in  which  it  occurred  naturally.  In  all  of  them 
the  leading  feature  is,  that  the  nervous  and  vascular  functions  ceased  to  esi^t 
long  prior  to  the  production  of  the  exalted  state  of  the  muscular  system — in  one 
case  13,  in  another  15,  and  in  a  third  36  hours ;  and  in  the  last  example 
nervous  influence  had  been  absent  for  63  hours,  and  blood  for  6  hours.  We 
must  not  hastily  infer  from  these  experiments  that  it  is  simply  necessary  to 
destroy  these  functions  in  order  to  secure  this  hyper-irritable  condition  of 
the  muscular  system. 

It  is  needless  to  say  that  cold-bloods  may  be  destroyed  in  numerous  ways 
which  altogether  prevent  the  exhibition  of  this  peculiarity.  Thus,  if  the  head 
be  crushed,  the  condition  of  the  nervous  system,  which  arrests  suddenly  the 
action  of  the  heart,  appears  also  to  impair  the  powers  of  the  general  system  of 
muscles,  and  causes  rigor  to  supervene  at  a  comparatively  early  period. 

Again,  in  death  by  strychnia  the  irritability  of  the  muscles  is  diminished 
and  they  pass  quickly  into  the  state  of  rigor,  the  flexors  of  the  hind  limb- 
prior  to  the  extensors. 

In  death  by  CO2  the  irritability  is  depressed  and  rigor  comes  on  quickly. 

Muscles  subjected  to  chlorine  lose  their  irritability  very  quickly  indeed, 
and  the  state  of  rigor  follows  more  rapidly  than  in  any  of  the  other  cases. 

Prolonged  action  of  weak  ether  vapour  removes  every  trace  of  irritability, 
and  paves  the  way  to  early  rigor. 

Again,  if  after  the  section  of  the  spinal  cord  at  the  junction  of  the  atla< 
and  occiput  the  creature  can  still  control  his  limbs  (as  frequently  happens 
with  frogs),  the  post  mortem  exaltation  of  the  muscles  will  be  much  less 
likely  to  occur  than  if  the  section  was  lower  down,  so  as  to  completely 
paralyze  them*. 

*  In  the  existing  condition  of  neural  physiology  it  may  perhaps  be  desirable  to  offer  son* 
explanation  of  the  above  remarks.  To  those  who  are  practically  engaged  in  physiological 
experiment,  it  must  be  apparent  that  our  present  views  of  the  functions  of  the  cerebri 
spmal  system  await  considerable  modification,  if  not  reconstruction.  Certain  it  is  that  to 
deprive  some  vertebrates  of  their  entire  cerebral  organs  is  by  no  means  to  destroy  tbnr 
capacity  for  willing  and  feeling.  To  Mr.  G.  H.  Lewes  belongs  the  credit  of  having  firtf 
prominently  brought  forward  this  highly  important  fact,  in  an  admirable  and  logical  ewsj 
on  the  nervous  system,  to  be  found  in  his  second  volume  of  '  The  Physiology  of  Common 
Life.'  Since  perusing  this  essay  I  have  repeatedly  made  experiment*  upon  the  matter,  both 
in  private  and  publicly  before  my  class  and  colleagues,  with  the  most  unequivocal  result*. 
The  matter  is  so  important  that  I  may  be  pardoned  the  insertion  of  an  illustrative  experi- 
ment. On  March  30,  1863,  9.50  a.m.,  I  struck  off,  with  a  sharp  chisel,  the  head  of  a  frog 
At  10  o'clock  the  creature  spontaneously  drew  up  its  extended  limbs  into  the  normal  flnra 
position  beneath  its  body,  and  then  moved  itself  round  in  a  circular  manner  three  or  four 
times.  It  then  remained  quite  still  for  five  minutes,  and  then  again  turned  round  a  fourth 
of  a  circle  after  the  fashion  of  the  unmutilated  animal.  At  10.8  made  another  turn,  and 
afterwards  commenced  to  move  freely  about  the  table  as  if  very  little  had  happened.  "  10.4*1 
This  frog  has  executed  several  spontaneous  leaps.  At  1 1.45  I  found  it  still  crawling  about. 
If  in  leaping  it  came  down  on  its  back,  which  it  seemed  liable  to  do,  by  struggling  H  soon 
righted  itself.  1.20.  This  frog  is  even  more  vigorous  and  leaps  and  moves  about  row 
freely  than  before."  I  now  cut  off  the  upper  portion  of  the  spinal  column  and  included  cord, 
the  frog  was  tremulously  convulsed,  out  after  a  short  time  drew  up  its  limbs,  and  »*** 
again  spontaneously.  The  removal  of  the  last  portion  put  a  stop  to  the  action  of  the 
larynx.  Of  such  experiments  as  these  I  possess  numerous  records ;  but  the  above  is  suffi- 
cient for  our  purpose.  It  will  occur  to  the  reader  that  Marshall  Hall  laid  particular  atre* 
upon  what  he  deemed  to  be  a  cardinal  fact  in  neural  physiology,  viz.  that  no  spontanr.^ 
movements  ever  occurred  in  decapitated  animals.   On  the  truth  of  this  observation  he  ba*J 
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The  general  deduction  warranted  by  the  experiments  seems  to  be,  that 
any  mode  of  death  which  tends  to  interfere  with  the  processes  generating 
muscular  force,  either  by  acting  directly  on  the  muscular  tissue  or  indirectly 
by  exciting  the  nervous  tissue  to  the  consumption  of  muscular  force,  is  op- 
posed to  the  production  of  this  exalted  state ;  on  the  other  hand,  modes  of 
death  which  quietly  destroy  the  nervous  system  by  sedation  or  by  with- 
holding its  nutrition  (blood),  and  at  the  same  time  do  not  interfere  materially 
with  the  muscular  system,  seem  favourable  to  its  production. 

The  extensive  character  of  the  contraction  which  takes  place  during  this 
exalted  state  of  muscular  tissue  appears  to  result  from  a  propagative  action : 
t.  g.y  in  the  most  sensitive  state  it  is  simply  necessary  to  include  the  smallest 
portion  of  a  muscle  within  a  pair  of  forceps,  or  to  touch  a  single  spot  with  the 
point  of  a  fine  needle,  to  excite  contraction  in  a  considerable  portion  of  the 
muscular  mass.  As  in  the  case  of  the  heart,  a  few  fasciculi  immediately 
subjected  to  stimulation  contract,  and  in  the  act  excite  contraction  in  con- 
tiguous fasciculi ;  and  in  this  way  the  effect  rapidly  spreads  throughout  the 
muscle,  and,  by  calling  into  play  a  large  number  of  elements,  induces  a  marked 
and  continuous  contraction  allied  to  that  produced  by  the  medium  of  the 
nerves. 

The  nervous  stimulus  seems  to  differ  from  other  modes  of  stimulation  in 
the  effect  produced,  mainly  in  the  fact  that  it  can  call  at  once  into  effective 
action  considerable  masses  of  muscular  structure  by  virtue  of  the  minute 
distribution  of  its  filaments  among  the  muscular  elements.  In  the  case  be- 
fore us  a  similar  effect  seems  to  be  brought  about  by  a  preternatural  degree 
of  excitability  on  the  part  of  the  muscular  tissue  itself. 

In  dealing  with  my  second  proposition,  it  is  not  my  intention  to  recapitu- 
late the  many  arguments  which  have  been  adduced  to  show  the  independence 
of  muscular  irritability  of  nerve-force.  I  wish  simply  to  demonstrate  that 
in  all  cases  where  nerve-influence  may  be  considered  in  active  operation 
there  is  a  diminution  of  muscular  irritability,  and  that,  conversely,  when 
that  influence  is  cut  off  from  muscle,  there  is  a  tendency  in  the  muscular 
force  to  accumulate.  In  all  animals  there  is  a  marked  distinction  in  the  states 
of  the  nervous  and  muscular  systems  during  mental  activity,  and  the  condition 

his  theory  of  reflex  or  excito-motory  action.    The  arguments  of  Dr.  Hall  may  be  briefly 
hammed  up  thus : — If  cold-blooded  animals  or  the  young  of  warm-bloods  be  decapitated, 
or  their  brains  remoyed,  irritants  applied  to  their  bodies  will  still  induce  movement*.  That 
the  animals  have  lost  the  power  of  volition  is  maintained  on  the  ground  that  they  perform 
»o  ipomtaiuous  movement* ;  and  inasmuch  as  volition  is  the  second  link  in  the  chain  of  which 
actuation  is  the  first  and  motion  the  last,  the  creatures  cannot  possess  sensibility ;  there- 
fore the  movements  which  follow  irritation,  however  purposive  or  adapted  to  ends  they 
rosy  seem,  are  not  the  result  of  either  sensation  or  volition,  inasmuch  as  these  are  proper- 
ties of  the  brain  alone ;  therefore  thev  result  from  a  purely  mechanical  arrangement,  the 
principle  of  the  operation  of  which  is  that  any  excitation  applied  to  the  extremities  of 
tensory  nerves  is  conveyed  to  tha  nervous  centre  and  there  reflected  on  to  a  motor  nerve, 
which  in  its  turn  stimulates  muscle  into  action,  no  sensation  whatever  being  perceived.    In 
respect  to  these  opinions  of  Dr.  Hall,  I  would  remark  that,  whether  or  no  the  absence  of 
spontaneous  movement  proves  the  absence  of  volition,  it  is  quite  certain  that  the  convene 
is  true,  viz.  that  the  presence  of  spontaneous  movement  proves  the  existence  of  volition ; 
^nd,  ss  seen  in  the  above  experiment,  the  decapitated  trunk  gives  all  the  evidence  we  can 
fo*  or  ever  do  have  of  the  possession  of  both  volition  and  sensation :  the  whole  theory  of 
Marshall  Hall  is  completely  disproved  and  subverted,  and  the  brain  can  no  longer  be  re- 
garded as  the  exclusive  seat  of  these  powers.    In  order  to  secure  success  in  this  expe- 
riment, certain  precautions  are  necessary.  1 .  No  anaesthetic  should  be  used,  as  it  materially 
decreases  the  chance  of  recovery.    2.  The  hemorrhage  must  be  trifling.     3.  The  nervous 
tissue  must  be  cut,  not  crushed.    To  achieve  these  conditions,  the  angles  of  the  mouth 
dwud  be  slit  sufficiently  far  back  to  allow  of  the  removal  of  the  head  by  means  of  a  sharp 
ctatl ;  the  lower  jaw,  tongue,  and  principal  vessels  arc  then  un interfered  with. 
1*60.  M 
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in  which  volition  is  cut  off  from  its  nervous  associations.  By  the  state  cf 
mental  activity,  I  mean  simply  the  waking  state  of  an  animal,  in  contradi- 
stinction to  the  condition  which  obtains  during  profound  sleep,  fainting,  or 
complete  etherization. 

During  the  waking  state  the  muscular  system  of  an  animal  is  maintained, 
through  the  medium  of  the  nervous,  in  a  condition  of  slight  contraction,  ic 
which  the  muscles  firmly  balance  or  steady  each  other,  and  thus  the  will 
holds  firm  possession  of  the  muscular  organism.  It  would  appear  that  this 
active  volitional  state  involves  a  constant  expenditure  of  neuro-miiscalar 
force.  In  profound  sleep  and  allied  conditions  this  psycho-neural  influence 
ceases  to  operate  upon  the  muscular  system ;  hence  we  find  the  head  falls 
forward  upon  the  chest,  the  arms  sink  down,  the  fingers  relax ;  if  the  person 
is  standing  he  may  rail  down,  or  if  sitting  slide  from  his  chair ;  the  eyes 
become  closed,  &c. 

In  fainting  and  death  the  same  powerless,  flaccid  condition  of  the  muscular 
system  is  seen  in  excess ;  yet  in  all  these  cases  the  elasticity  and  irritability 
of  the  muscular  system  still  exist.  ' 

Bleep,  fainting,  deep  etherization,  and  death  seem  to  represent  different 
degrees  of  what  may  be  called  functional  neural  paralysis,  in  contradistinc- 
tion to  purely  muscular,  in  which  the  irritability  of  the  muscular  tissue  is 
diminished  or  gone,  while  the  neurility  of  the  nervous  centres  and  nerve* 
remains. 

When  we  reflect  that  the  mere  waking  state  of  animals  involves  a  con- 
stant expenditure  of  both  nervous  and  muscular  force,  the  importance  of 
sleep  for  their  reaccumulation  becomes  obvious.  It  is  not,  therefore,  alone 
in  the  production  of  motion  that  the  will  consumes  neuro-muscular  force, 
but  also  in  the  maintenance  of  the  normal  position  of  the  animal.;  for  few 
muscles  of  the  body  are  during  the  waking  state  in  a  condition  of  non-con- 
trol or  laxity ;  most  are  subjected  to  continuous  stimulation  of  a  mild  form. 
In  the  tremulousness  of  old  age,  or  after  exhausting  disease,  we  witness  the 
effect  of  deficiency  of  this  tonic  power. 

Whenever  the  mind  has  to  make  a  greater  effort  than  usual  for  the  accom- 
plishment of  an  act,  it  is  an  evidence  that  the  forces  of  the  system  are  belov 
par,  and  do  not  respond  with  their  accustomed  delicacy  to  the  influence  or 
stimulus  of  the  will ;  in  such  cases  the  animal  is  said  in  common  parlance  to 
be  tired  or  fatigued. 

The  degree  of  stimulation  exercised  by  nerve  upon  muscle  may  be  normal 
or  abnormal ;  and  in  proportion  to  the  severity  of  the  stimulation  will  be 
the  rapidity  with  which  irritability  will  be  consumed  and  rigor  mortis 
supervene. 

There  appear  to  be  three  conditions  of  nerve  in  respect  to  the  muscular 
tissue: — 

1.  It  may  exist  as  a  mere  structure,  t.  e.  functionally  inactive. 

2.  It  may  be  in  that  condition  which  enables  an  animal  so  to  control  its 
limbs  as  to  maintain  any  required  position. 

3.  It  may  be  concerned  in  producing  actual  movement. 

The  two  latter  conditions  appear  to  be  degrees  of  the  same  kind  of  action. 

We  wish  to  ascertain  by  direct  experiment  whether  all  or  any  of  these 
conditions  of  nerve  are  concerned  in  exhausting  muscular  irritability. 

This  is  by  no  means  an  easy  matter ;  for  although  we  have  abundance  of 
experimental  evidence  from  the  negative  stand-point,  that  irritability  is  ex- 
alted, in  the  absence  of  nerve-influence,  it  is  diffioult  to  devise  reliable  experi- 
ments in  support  of  the  positive  proposition.    The  reasons  of  this  will  become 
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nore  obvious  as  we  proceed  to  review  the  interesting  experiments  which 
•Jear  the  ground.  It  will  be  well  to  bear  in  mind  the  conditions  necessary 
o  a  successful  experiment,  as  the  bearing  of  the  after  remarks  will  be  more 
tpparent. 

1.  The  source  of  irritability,  viz.  the  blood,  must  be  cut  off  from  two  sym- 
netrical  limbs  of  the  same  animal. 

2.  The  possibility  of  nervous  supply  must  be  cut  off  in  one  limb  and 
retained  in  the  other. 

Three  animals  (in  all  respects  similar)  so  situated  must  be  taken. 
One  must  be  placed  under  conditions  which  enable  the  limb  with  the  nerve 
intact  to  remain  in  a  flaccid,  uncontrolled  state,  equivalent  to  the  condi- 
tion of  volitional  paralysis  ;  another  must  be  caused  to  maintain  continuous 
control  over  the  limb,  without  the  induction  of  motor  acts ;  the  third  to 
exercise  the  limb  and  contract  the  muscles. 

These  conditions  being  achieved,  we  have  to  note  in  which  of  these  cases 
rigor  mortis  of  the  limb  supplied  with  nerve  sets  in  earlier  than  in  the  other 
limb  deprived  of  both  nerve  and  blood.  This  will  furnish  us  with  the  com- 
parative rate  at  which  the  irritability  is  exhausted  in  limbs  so  situated. 

The  next  question  is,  whether  such  an  experimental  combination  is  pos- 
sible. 

At  the  very  threshold  an  insurmountable  obstacle  meets  us  in  the  case  of 
warm-blooded  animals;  for  in  them  to  cutoff  the  supply  of  blood  is  to  induce 
immediate  paralysis,  which  is  rapidly  succeeded  by  the  condition  of  rigor 
mortis.  This  is  well  illustrated  in  the  effect  of  deligation  of  the  abdominal 
aorta.  During  the  early  stages  of  the  paralysis  thus  induced  in  the  bind 
extremities,  both  the  nerves  and  muscles  are  susceptible  to  the  stimulus  oi 
galvanism,  and  sensation  is  likewise  perfect.  Why,  therefore,  is  it  that 
volition  is  unable  to  influence  these  limbs  ?  The  same,  and  similar  experi- 
ments upon  cold-bloods  enable  me  to  answer  this  question.  I  find  that  if,  in 
these  creatures,  the  circulation  be  cut  off  from  a  limb  in  which  the  nerve  is 
still  allowed  to  remain,  the  paralysis  is  not  immediate — in  fact,  does  not  come 
otfbra  period  of  from  one  to  three  hours,  the  frog  during  this  interval  being 
able  to  use  the  limb ;  but  at  length  we  get  the  same  condition  of  complete 
paralysis  which  obtains  at  once  in  the  warm-bloods.  The  following  experi- 
ment mil  illustrate  this  :— 

August  11,  6  p.m.  1866. — A  large  frog  was  taken  and  thoroughly  ether- 

^    The  artery  supplying  one  of  the  hind  limbs  was  taken  up  and  tied, 

*ad  then  cut  below  tie  ligature.     The  ligature  was   applied  to  prevent 

general  bleeding.     The  nerve  was  then  raised  up  out  of  the  way,  and  the 

whole  of  the  structures  of  the  thigh  were  cut  through  to  the  bone,  leaving 

the  nerve  intact     The  skin  was  then  brought  together  with  Butures.     In 

father  over  an  hour  the  frog  began  to  respire,  and  I  found  he  possessed 

wiwibility  in  the  limb,  and  was  also  able  to  move  it  a  little.     10  p.m.  The 

"^  seemed  to  have  complete  control  over  the  partially  amputated  limb  in 

all  those  muscles  still  possessing  bony  connexions.     8  a.m.  Aug.  12.    The 

hmb  was  found  to  be  completely  paralyzed,  but  quite  flaccid.     It  possessed 

y**l  Uttk  irritability — quite  a  marked  difference  in  this  respect  between  the 

w  limbs.    The  limb  is  now  dragged  after  the  body  at  full  length.     Its 

*****«<>*  appears  perfect.      4  p.m.  The  paralyzed  limb  is  now  void  of  all 

^{tofcKty,  as  tested  by  galvanism.     It  is,  however,  still  flaccid,  and  the  sen- 

ability  to  |Hrin  normal,     9  A.M.  Aug.  13.  The  paralyzed  limb  is  now  in  a 

***{*  °/n£or,  and  there  is  an  entire  absence  of  sensation. 

In  this  case,  as  in  others  of  the  kind,  we  observe  there  is  a  gradual  dimi* 

u2 
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notion  of  muscular  imUbOhr.  But  this  will  not  account  fcr  ike  paralysis 
for  we  hare  many  examples  in  which  frags  would  snore  their  limbs  by  von- 
tional  effort,  where  the  muscles  are  Car  lew  irritable,  and  rapadly  passing  into 
a  rigid  state ;  such  examples  are  fannshed  by  certain  stages  of  thermal 
tetanus.  The  following  experiment  will  throw  light  upon  the  real  causes  of 
the  paralysis. 

August  10,  4  fjl  Compression  was  exercised  upon  the  abdominal  aorta 
of  a  frog.  It  was  then  ascertained  br  the  nneroseope  that  the  cireulatkn  in 
the  limbs  was  completely  arrested.  The  ariatie  nerve  of  one  limb  was  men 
divided.  The  paralysis  of  this  limb  was  complete.  The  creature  had  per- 
fect control  over  the  limb  deprived  of  blood*  bnt  mi  A  the  nerve  intact.  In 
about  an  hoar  afterwards  it  was  observed  that,  although  quite  vigorous,  it 
had  lost  aU  control  over  this  limb.  I  tested  the  ■imwlffi  of  both  limbs  for 
irritability,  and  found  them  in  both  cases  tolerably  sensitive.  The  distal 
extremity  of  the  cat  nerve  is  also  irritable,  10  fjl  The  hmb  pooncmrng 
its  nerve  remains  perfectly  paralyzed,  and  is,  with  the  other  limb,  dragged 
after  the  frog  at  fall  length.  The  toarniqaet  was  now  removed  from  the 
aorta,  and  the  creature  placed  in  water.  At  this  time  the  muscular  irrita- 
bility was  at  a  very  low  ebb.  At  8  a.m.  Aug.  11,  the  frog  was  much  in 
the  same  condition ;  the  limb  in  possession  of  its  nerve  and  artery  was  sal 
completely  paralyzed,  although  the  muscles  of  both  limbs  had  acquired  in- 
creased susceptibility  to  galvanism.  On  examining  the  webs,  1  found  a  free 
circulation  now  going  on  in  both  limbs.  The  «w»{m«  in  the  shin  of  the 
paralyzed  limb  possessing  the  nerve  is  perfect.  1  p  jl  Xo  return  of  motor 
power  in  the  anatomically  perfect  limb.  9  ajl  Aug.  12.  The  limb  is  soil 
paralyzed,  but  the  muscles  are  very  irritable,  in  fact,  mare  than  normally  so. 
At  8  a.m.  Aug.  13,  the  frog  was  placed  under  the  influence  of  strychnia,  to 
ascertain  if  the  nervous  impulses  generated  by  the  drug  would  pass  over  the 
nervous  obstruction  and  contract  the  highly  irritable  muscles.  Not  the 
slightest  effect,  however,  was  produced. 

This  experiment  shows  that  in  thus  cutting  off  blood  from  a  limb  we  in- 
terfere seriously  with  the  functions  of  the  motor  nerve ;  and  as  in  animals 
deprived  of  blood  the  excitability  of  nerve-tissue  is  always  first  to  perish,  it 
is  legitimate  to  assume  that  this  degradation  of  the  nerve  is  the  primary 
effect  of  cutting  off  the  blood  from  a  limb,  and  therefore  the  cause  of  the 
paralysis.  This  functional  degradation  of  the  nerve  being  brought  about 
immediately  in  warm-bloods  and  gradually  in  cold  bloods,  is  consistent  with 
all  our  knowledge  of  the  differing  degrees  of  vital  persistence  possessed  by 
these  classes  respectively.  This  experiment  further  proves  that  the  nerve 
may  suffer  past  restoration  by  prolonged  absence  of  blood,  but  that  the  mus- 
cular irritability  maybe  completely  restored — in  fact,  exalted. 

The  question  as  to  the  part  of  the  motor  nerve  (the  trunk  or  the  terminal 
branches)  concerned  in  the  paralysis  is  one  of  extreme  interest.  Tnaamufh 
as  the  sensory  fibres  still  convey  their  impressions,  it  seems  probable  that  the 
defect  in  the  nerve  must  lie  in  its  ultimate  distributions  to  the  muscular 
tissue ;  otherwise  we  should  have  to  consider  that  the  motor  fibres  of  the 
trunk  of  a  nerve  are  dependent  upon  the  general  circulation  of  a  limb  for 
their  integrity,  and  that  the  nutrition  of  the  sensory  fibres  of  the  same  trunk 
is  maintained  in  some  other  way.  There  seems  to  be  a  remarkably  interesting 
analogy  between  this  form  of  paralysis  and  that  induced  by  the  action  of  the 
woorara  poison*. 

•  How  is  it  that  the  terminations  of  the  motor  nerves  in  muscles  are  so  interfered  with, 
while  neither  the  trunk  or  its  ramifications,  nor  the  muscular  tissue,  appears  to  he  affected 
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Comprehending  now  more  fully  the  nature  of  the  paralysis  which  results 
from  depriving  limbs  of  blood,  we  are  in  a  position  to  see  that  whatever  in- 
fluence nerve  may  exercise  in  exhausting  irritability,  when  the  source  of  its 
replenishment  is  cut  off,  must  necessarily  be  exercised  prior  to  the  accession  of 
the  paralysis ;  for  this  form  of  paralysis  affecting  the  ultimate  distributions 
may  be  regarded  as  equivalent  to  the  absence  of  nerve-tissue ;  and  under 
such  circumstances  the  irritable  muscular  tissue  represents  the  condition  and 
capacity  of  living  muscle  freed  from  nerve-influence. 

It  is  clear,  then,  as  the  terminal  distributions  of  the  nerves  to  the  muscles 
of  warm-bloods  become  at  once  insensible  to  the  stimulus  of  volition,  that  the 
nerve  in  these  cases  can  have  no  influence  in  hastening  rigor  by  exhausting 
irritability,  and  the  accession  of  rigor  mortis  here  must  therefore  be  referred 
entirely  to  absence  of  the  blood ;  for  in  these  cases  we  are  not  even  disturbed 
by  speculations  as  to  the  possible  influence  exercised  upon  the  muscle  by 
the  mere  presence  of  living  nerve-tissue  in  a  state  of  inaction. 

We  see,  then,  that  the  question  with  which  we  started  is  one  capable  of 
solution  only  by  experiments  upon  cold-bloods  carried  out  in  the  manner 
previously  indicated ;  for  in  these  only  is  it  possible  for  nervous  influence  to  act 
-upon  muscular  irritability  in  the  absence  of  the  blood,  and  in  these  for  a  limited 
period  only,  but,  nevertheless,  sufficiently  long  to  prove  whether  or  not  the 
mere  presence  of  inactive  living  nerve  diminishes  muscular  irritability,  or 
whether  the  loss  of  irritability  is  appreciable  only  when  the  muscle  is  either 
controlled  or  induced  to  contract  by  nervous  influence.  Space  will  not  permit 
me  to  recite  the  complicated  experiments  by  which  the  necessary  conditions 
were  achieved,  and  I  must  content  myself  in  this  place  by  briefly  stating  the 
deductions  arrived  at. 

1.  Mere  presence  of  living  nerve  in  a  state  of  inaction  neither  hastens  nor 
retards  the  accession  of  rigor,  and  therefore  has  no  influence  on  irritability. 

2.  The  condition  of  nerve  concerned  in  simple  muscular  control  and  in 
contraction  leads  to  earlier  rigor  mortis,  and  therefore  possesses  the  power  of 
exhausting  irritability. 

Leaving  now  this  aspect  of  the  question,  we  proceed  to  inquire  what 
evidence  do  we  possess  that  muscular  irritability  is  capable  of  abnormal  ex- 
altation in  the  absence  of  nerve,  or  in  those  uncontrolled  powerless  states  of 
the  muscular  system  which,  from  the  absence  of  volitional  impulse,  are  equi- 
valent thereto. 

First,  we  have  the  fact  that  if  one  limb  of  a  frog  be  paralyzed  by  sec- 
tion of  its  nerve,  after  a  certain  period  has  elapsed  it  will  be  found  more 
susceptible  to  the  various  forms  of  external  stimulation  than  the  other  limb ; 
and  if  such  an  animal  be  killed  or  happen  to  die,  the  limb  in  which  the  nerve 
is  intact  will  lose  its  irritability,  and  pass  into  the  state  of  rigor,  long  prior 
to  the  limb  the  nerve  of  which  has  been  divided. 

Dr.  Radcliffe  remarks,  "  Many  experiments  might  be  mentioned,  all  of 
which  seem  to  show  more  or  less  clearly  that  the  disposition  to  convulsive 
muscular  contraction  is  inversely  related  to  the  supply  of  nervous  influence 
to  the  muscles."  Vide  '  Lancet/ 1863,  vol.  i.  p.  321.  This  is  in  the  main  cor- 
rect, but  it  renders  no  support  to  the  inhibitory  theory  of  nervous  action  as 
propounded  by  its  talented  author.  The  readiness  with  which  muscle  contracts 
is  always  in  direct  proportion  to  the  amount  of  force  accumulated  in  its  struc- 
ture, or,  in  other  words,  to  its  irritability.   It  is  not  that  the  absence  of  nerve 

past  restoration  ?    Is  there  any  intermediate  tissue  differing  from  nerve  or  muscle  which 
forms  the  bond  of  union  between  them  ? 
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produces  a  greater  proclivity  to  contraction  in  the  muscle,  bat  that  tbe  mustk 
in  the  absence  of  nerve  can  accumulate  the  force  on  which  irritability  depend.-. 
In  all  the  experiments  in  which  muscle  contracts  more  readily  in  the  absence 
of  nerve,  the  element  time  is  an  important  ingredient ;  for  if  its  influence  be 
excluded,  the  opposite  condition,  viz.  that  muscle  contracts  mare  readily  in  tk 
presence  of  nerve-influence,  is  the  normal  law,  as  I  hope  shortly  to  show. 

To  the  fact  that  muscle  relieved  from  nerve-influence  acquires  additional 
contractile  energy  I  add  the  further  important  observation,  that  it  retains  ifc 
irritability  not  unfrequently  for  days  after  its  fellow  has  passed  into  th* 
state  of  rigor  mortis. 

The  experiment  just  cited  also  tends  to  show  that  the  presence  of  nerve  in 
action  keeps  down  muscular  irritability  and  initiates  rigor  mortis,  as  before 
demonstrated ;  for  we  see  that  when  blood  is  circulating  equally  through  two 
limbs,  the  irritability  of  the  one  cannot  be  maintained  at  the  same  standard  in 
the  presence  of  the  nerve.  If  rigor  mortis  could  be  regarded  as  a  contraetiotu 
it  might  be  supposed,  in  accordance  with  old  notions,  that  the  dying  nemra 
system  had  something  to  do  with  its  premature  induction ;  but  as  rigor  is  a 
mere  setting  of  the  muscular  tissue,  this  idea  has  not  a  shadow  of  probability*; 
besides  the  rigor  will  supervene  in  the  limbs  simultaneously  in  eases  in  which 
the  death  of  the  animal  succeeds  immediately  the  section  of  the  nerve. 

Dr.  Brown  Sequard  has  furnished  us  with  a  most  beautiful  experiment  which 
bears  intimately  upon  the  present  question,  and  which  also  has  been  used  by 
Dr.Badcliffe  to  support  the  proposition,  "  that  the  state  of  muscular  relaxation 
is  more  readily  disturbed  by  contraction,  and  that  the  contraction  itself  is  more 
powerful  when  the  muscles  are  receiving  a  diminished  supply  of  nervous  in- 
fluence." The  experiment  is  as  follows : — Two  frogs  (A  and  B)  are  taken  and 
their  spinal  cords  divided  low  down  in  the  cervical  region  so  as  to  remove  the 
lower  limbs  from  the  control  of  the  brain  and  medulla  oblongata.  In  such 
cases  the  reflex  (?)  contractions  induced  by  pinching  the  toes  are  capable  of 
raising  heavier  weights  than  could  be  raised  by  the  hind  limbs  when  the 
frogs  were  in  their  normal  condition.  Thus  they  raised  before  division  of  the 
cord  60  grammes.  Immediately  after  division  A  raised  20  and  B  10  grammes 
only.  In  Ave  minutes  A  raised  45  grammes  and  B  only  30 ;  thus  they  pro- 
ceed increasing  rapidly  in  power,  till  in  four  hours  A  can  sustain  140  grammes 
and  B  130.  At  the  end  of  twenty-four  hours  they  are  found  to  have  reached 
their  maximum  point,  viz.  150  and  140  grammes  respectively. 

The  first  point  worthy  of  notice  in  this  important  experiment  is,  that  a 
degree  of  shock  was  produced  by  the  operation  in  frog  A  measured  by  a  loss 
of  power  equivalent  to  40  grammes,  and  in  frog  B  to  50  grammes.  This 
diminished  power  would  be  entirely  due  to  loss  of  nervous  force  and  muscular 
irritability,  chiefly  the  former, — partly  the  direct  result  of  severe  injury  to  the 
nervous  centres,  and  partly  of  loss  of  blood  and  depression  of  the  heart's 
action. 

Secondly,  it  would  be  at  this  period,  when  A  could  raise  but  20  and  B  10 
grammes  only  while  suffering  from  shock,  that  the  nervous  influence  would 
be  at  its  lowest  ebb ;  and  if  the  muscles  possessed  a  fair  amount  of  irritability 
(which  they  eertainly  do)  after  such  operations,  this  should  be,  if  Dr.  Bad- 
cliffe's  views  are  correct,  the  period  at  which  the  greatest  weights  could  be 
raised ;  for  the  period  of  profoundest  nervous  shock  admitting  of  neural  ex- 
citement of  the  muscles  would  be  the  one  in  which  the  minimum  degree  of 
nervous  influence  exists, 

*  Bm  my  paper  on  that  subject  in  Brit.  Assoc.  Report  for  I860,  Trans,  of  Bsek  p.  109- 
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Bat  it  is  evident  that  the  muscular  and  nervous  systems  progressively 
acquire  force  from  this  shock-point,  stopping  not  at  their  normal  amount, 
but  reaching  a  marvellously  abnormal  degree  of  exaltation,  and  this  under 
the  very  conditions  1  have  pointed  out  as  leading  to  nervous  and  muscular 
exaltation,  viz.  the  absence  of  the  exhausting  principle  of  volition  or  nerve 
in  action. 

We  see,  then,  by  these  experiments  that  muscles  possess  no  abnormal 
powers  immediately  after  they  are  liberated  from  nerve-influence,  as  in  section 
of  the  sciatic,  or  after  they  are  removed  from  the  influence  of  the  upper  part 
of  the  cord,  but  that  these  are  gradually  acquired,  many  hours  being  con- 
sumed in  reaching  the  maximum  degree.  The  correct  explanation,  therefore, 
of  Sequard's  experiment  would  seem  to  be,.not  that  muscle  contracts  more 
readily  in  the  absence  of  nervous  influence,  but  that,  in  the  absence  of  voli- 
tional or  other  excitement,  both  the  nervous  and  muscular  systems  can  accu- 
mulate their  own  special  forces,  and  that  to  an  extent  that  can  never  become 
apparent  under  normal  life  conditions.  Thus,  in  the  experiment,  60  grammes 
measure  the  nervo-muscular  force  of  the  frogs  when  unmutilated.  After  the 
operation  the  frog  B  suffers  more  from  shock,  and  the  sum  of  its  nervo- 
muscular  force  is  represented  in  consequence  by  just  half  that  of  the  other, 
or  one-sixth  of  its  normal  force ;  A  possesses  after  the  operation  one-third  of 
its  normal  force.  The  nervous  system  gradually  recovers  from  the  influence 
of  shock,  but  is  no  longer  stimulated  by  volition,  and  therefore  no  longer 
controls  the  muscles  in  the  usual  way ;  consequently  they  remain  flaccid  or 
paralyzed,  and  this  gives  them  an  opportunity  of  accumulating  force,  which 
they  gradually  do  till  they  acquire  nearly  three  times  their  normal  amount. 
The  exact  proportions  in  which  this  accumulated  force  is  divided  between  the 
nervous  and  muscular  systems  is  a  delicate  subject  for  future  consideration. 

The  net  is  here  broadly  stated,  that  the  psychical  principle  of  volition  do- 
minates and  exhausts  both  the  nervous  and  muscular  systems,  and  that  in  the 
absence  of  this  influence  they  acquire  exalted  powers*. 

I  propose  now  to  turn  for  a  short  time  to  a  consideration  of  the  part  which 
the  blood  plays  in  connexion  with  muscular  contraction.  The  following  is 
the  proposition  which  I  shall  endeavour  to  maintain : — 

That  the  blood  or  nutritional  plasma  derived  therefrom  not  only  furnishes 
the  materials  by  which  muscular  contractility  is  maintained,  but  is  likewise 
the  determining  cause  of  that  polar  arrangement  of  the  muscular  molecules 
which  maintains  or  restores  the  elongated  or  relaxed  state. 

*  In  June  1866,  Professor  Frankland  read  a  paper  to  the  Royal  Institution  of  Great 
Britain  "  On  the  Source  of  Muscular  Force/1  which  contains  the  following  passage : — 
''The combustible  food  and  oxygen  coexist  in  the  blood  which  courses  through  the  muscle ; 
but  tcriea  the  muscle  is  at  rest  there  is  no  chemical  action  between  them,  A  command  is  sent 
from  the  brain  to  the  muscle,  the  nervous  agent  determines  oxidation.  The  potential 
fwwgy  becomes  active  energy,  one  portion  assuming  the  form  of  motion,  another  appear- 
ljig  as  beat.  Here  is  the  source  of  animal  heat,  here  the  origin  of  muscular  power.  Like 
"*  piston  and  cylinder  of  a  steam-engine,  the  muscle  itself  is  only  a  machine  for  the 
taayorniation  of  heat  into  motion"  The  reader  will  at  once  perceive  that  this  idea  of 
muscular  force  being  generated  only  during  nervous  action  is  quite  incompatible  with  the 
Piperimenta  and  views  of  the  author  of  this  paper.  There  can  be  no  doubt  that  chemical 
action  is  constantly  taking  place  between  certain  elements  of  muscle  and  blood,  and  that 
f™*  is  being  continuously  stored,  nervous  action  being  concerned  in  its  consumption,  and 
discharge  rather  than  its  formation.  As  to  heat,  it  is  certainly  generated  in  other  nortions 
<>f  ihebody  besides  the  muscular  structures ;  and  if  nervous  action  is  necessary  to  oxidation, 
aow  is  Una  heat  produced? 

The  piston  and  cylinder  are  ameajis  of  regulating  mere  repellent  force ;  but  muscle  is  a 
ttftftanism  having  the  power  to  convert  some  fluid,  which  is  either  electricity  or  a  close 
f^Ute,  into  a  source  of  both  repellent  and  attractive  power ;  for  it  is  only  by  assuming 
"o  "Kb  forces  that  the  phenomena  of  elongation  and  contraction  can  be  explained. 
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Last  year,  when  treating  upon  the  question  of  rigor  mortis,  I  drew  the 
attention  of  tho  Section  to  a  form  of  muscular'  contraction  induced  in  cold- 
bloods  by  the  irritant  action  of  such  vapours  as  ether,  chloroform,  bisulphuret 
of  carbon,  amylene,  &c.  1  pointed  out  that  they  were  the  most  extrenx- 
forms  of  contraction  of  which  these  muscles  were  capable.  The  persistent, 
in  most  cases  permanent  character  of  the  contraction  at  once  associated  it 
with  the  forms  of  tetanus  induced  by  water  of  certain  temperatures  and  by 
the  discharge  from  RuhmkorfF's  coil.  The  extreme  delicacy  of  this  mode  of 
exciting  muscular  contraction  by  ethereal  vapours  has  enabled  me  to  perform 
some  very  interesting  and  instructive  experiments. 

I  have  succeeded  in  proving,  by  experiments  in  which  the  nervous 
system  has,  as  far  as  possible,  been  removed,  and,  better  still,  by  experiment* 
on  isolated  muscles,  (1)  that  both  chloroform  and  warm  water  act  direct! y 
upon  and  produce  universal  contraction  of  the  muscular  tissue,  which,  accord- 
ing to  the  circumstances  of  its  induction,  may  or  may  not  be  permanent ;  (2)  that 
when  the  nervous  and  vascular  systems  are  present  they  complicate  the 
result,  and  furnish  us  with  illustrations  of  most  important  physiological  prin- 
ciples. 

Taking  first  Thermal  Tetanus,  I  find  two  normal  limbs  (t.  e.  supplied  with 
both  blood  and  nerve-influence)  contract  simultaneously.  Two  limbs  de- 
prived of  both  blood  and  nerve-influence  also  contract  simultaneously.  Of 
two  limbs,  tho  one  having  neither  nerve  nor  blood,  and  the  other  both  nerve 
and  blood,  the  latter  contracts  first.  Of  two  limbs,  the  one  having 
neither  nerve  nor  blood,  and  the  other  blood  only,  the  former  contracts  first. 
In  Chloroform  Tetanus  the  same  holds  good  as  in  the  first  two  examples 
of  thermal  tetanus  ;  but  of  two  limbs,  the  one  having  neither  blood  nor  nerve, 
and  the  other  having  both  blood  and  nerve,  the  former  contracts  first.  Of 
two  limbs,  the  one  having  neither  blood  nor  nerve,  and  the  other  nerve 
but  no  blood,  the  latter  contracts  first. 

An  analysis  of  these  various  results  shows  that  both  warm  water  and  chlo- 
roform exercise  an  excitant  action  upon  the  nervous  system  of  the  frog, 
which  tends  in  both  cases  in  tho  direction  of  muscular  contraction,  but  which 
of  itself  alone  is  too  weak  to  bring  about  such  an  affection  of  muscle,  and, 
further,  that  the  warm  water  is  more  powerful  in  this  respect  than  the  chlo- 
roform. It  also  affords  evidence  of  the  important  principle,  that  certain 
elements  of  the  blood  in  tho  interstices  of  the  muscular  tissue  opposes 
powerful  obstacle  to  such  agencies  as  tend  to  throw  muscular  tissue  into  a 
state  of  contraction. 

Muscle  when  dynamically  perfect  is  related,  on  the  one  hand,  to  certain 
stimuli,  as  nerve  and  external  agents,  which  tend  to  induce  contraction,  and, 
on  the  other,  to  some  of  the  elements  of  blood,  which  bring  about  its  elongation; 
but  its  degrco  of  proneness  to  fall  into  contraction  appears  to  be  directly  pro- 
portionate to  the  amount  of  force  generated  in  it  by  the  blood — in  other 
words,  to  its  irritability  ;  and  although  the  galvanometric  evidences  of  the 
existence  of  force  aro  masked  during  contraction  by  the  derived  electro- 
motor currents  taking  on  the  negative  variation,  yet  this  by  no  means 
proves  (as  some  suppose)  that  the  blood-generated  forces  are  absent ;  for  wc 
have  previously  seen  in  explaining  Sequard's  experiment  that  the  contractive 
energy,  t.  e.  tho  tendency  of  the  molecules  of  muscles  to  approach  each  other, 
may  be  increased  two-and-a-half  times,  which  is  at  once  proof  that  they  do 
not  approach  by  virtue  of  any  permanent  force  which  they  possess  as  mere 
physical  atoms ;  for  such  force  would  be  a  fixed  and  not  a  varying  quantity. 
It  is  evident  therefore  that  both  the  power  of  contraction  and  of  elongation 
is  derived  from  the  bipod,  and  not  the  elongating  force  alone ;  and  we  must 
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not,  with  Dr.  Radcliffe,  fall  into  the  error  of  considering  thakiniftde  neeefr- 
sanly  passes  into  a  state  of  contraction  in  the  absence  of  an  eloSgsrwhJ,  fpjj^C  ^ 
for  experiment  shows  that  the  most  perfectly  relaxed  state  of  muse 
patible  with  the  absence  of  every  trace  of  irritability. 

I  shall  now  proceed  to  narrate  several  experiments  in  which  the  relation 
which  blood  bears  to  muscular  tissue  is  more  fully  displayed,  and  by  which  it 
is  made  evident  that  the  blood  gives  the  power  by  which  the  elongated  or 
relaxed  state  of  muscle  is  maintained. 

Exp.  1. — A  frog  is  moderately  chloroformed ;  when  removed  from  the 
vapour,  particular  note  is  made  that  the  limbs  are  perfectly  flaccid  or  relaxed, 
and  that  the  heart  is  beating.  The  heart  is  now  exposed  and  excised,  and  in 
a  few  seconds  or  minutes,  according  to  the  amount  of  chloroform  imbibed  by 
the  tissues,  the  limbs  will  spontaneously  extend  and  become  rigidly  tetanic. 

Another  frog  was  slightly  chloroformed,  and  the  observation  made  that 
the  heart  was  still  acting,  and  that  the  whole  of  the  muscles  were  quite 
flaccid.  The  structures  of  ono  thigh  were  then  cut  through  to  the  bone,  so 
as  to  sever  all  nervous  and  vascular  connexions.  The  muscles  of  this  limb 
gradually  commenced  to  contract,  and  in  a  few  minutes  the  leg  and  foot  were 
extended  and  the  webs  stretched  out.  The  muscles  of  the  other  limb  and 
the  trunk  generally  remained  in  a  completely  relaxed  state.  After  the  lapso 
of  some  minutes  1  observed  a  tendency  in  the  unmutilatcd  limb  to  extend, 
and  in  the  fore  feet  to  approach  the  central  line  of  the  body,  and  to  clasp, 
as  in  tetanus  of  the  male  frog.  Directing  my  attention  to  the  heart,  I 
coold  not  detect  any  pulsation,  and  I  therefore  removed  the  parietes  of  the 
chest;  the  access  of  air  reexcited  the  action  of  the  heart,  and  very  quickly 
the  muscles  of  the  unmutilated  limb  and  general  trunk  became  again  flaccid. 
The  heart  again  losing  power,  the  condition  of  contraction  a  second  time 
came  on,  and  gradually  became  more  and  more  complete.  On  reexamining 
this  frog  after  the  lapse  of  an  hour,  I  found  that  the  muscles  had  again 
become  flaccid — this  time  not  only  in  the  unmutilatcd  limb,  fore  feet,  and 
muscles  of  the  trunk,  but  also  in  the  limb  which,  as  far  as  its  soft  parts  were 
concerned,  was  completely  amputated.  Not  the  slightest  trace  of  irritability, 
however,  was  now  detectable.  Nothing  could  be  plainer  than  the  teaching 
of  this  experiment.  The  muscular  tissue  was  subjected  to  a  dual  influence : — 
first,  the  chloroform  tending  to  excite  it  to  contract ;  secondly,  the  blood, 
or  certain  of  its  elements,  tending  to  maintain  it  in  the  relaxed  or  elongated 
state;  and  accordingly  as  one  or  other  of  these  influences  prevailed,  the 
muscles  became  alternately  contracted  or  relaxed.  After  the  cessation  of  the 
circulation  the  antagonism  was  feebly  continued  between  the  evaporating 
traces  of  the  chloroform  on  the  one  hand,  and  the  interstitial  juices  of  the 
muscle  on  the  other,  the  balance  of  power  being  so  nicely  adjusted  that  the 
interstitial  nutrition  was  just  capable  of  restoring  the  relaxed  condition,  but 
incapable  of  conferring  the  slightest  degree  of  irritability  upon  the  muscles. 
It  is  rarely  that  we  obtain  this  exact  balance  of  the  influences ;  for  if  the 
amount  of  chloroform  in  the  muscles  is  too  large,  the  condition  of  permanent 
contraction  obtains ;  and  if  too  small,  there  are  slight  evidences  of  returning 
irritability  after  the  muscle  has  become  elongated. 

Another  satisfactory  mode  of  exhibiting  this  function  of  the  blood  is  to 
compress  the  abdominal  aorta  of  a  frog,  and,  having  ascertained  by  the 
microscope  that  the  circulation  in  the  lower  limbs  is  securely  arrested,  oil  all 
parts  of  the  body,  with  the  exception  of  one  limb,  expose  this  to  the  vapour 
of  chloroform,  protecting  as  much  as  possible  all  other  portions  of  the  body 
from  its  influence.    This  limb  will  aftqr  a  time  show  a  disposition  to  con- 
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tract.  It  should  then  be  removed  from  the  vapour ;  and  when  it  has  beooce 
fully  extended,  the  tourniquet  should  be  taken  off;  the  blood  will  thcL 
gradually  find  its  way  into  the  limb,  and  restore  the  flaccid  elongated  con- 
dition. 

In  this  experiment  we  have  the  contrast  of  two  limbs  without  blood,  one 
of  which  is  under  a  contracting  influence  ;  and  we  get  an  excess  of  chloro- 
form in  the  tissues  of  one  limb  and  protect  the  animal  to  a  great  extent  from 
being  generally  affected.  As  might  be  expected,  this  state  of  contraction 
is  never  so  easy  to  produce  when  an  animal  possesses  its  full  complement  of 
blood ;  for  although  the  blood  may  be  stagnant  in  the  vessels,  it  will  supply 
for  a  considerable  time  the  elements  which  oppose  the  contracting-powers  of 
the  chloroform ;  hence,  if  we  would  produce  the  state  of  contraction  under 
such  conditions,  an  amount  of  chloroform  is  demanded  in  the  tissues  which 
ordinarily  destroys  the  animal.  But  by  adopting  the  plan  of  allowing  the 
ingress  of  the  chloroform  only  through  the  limb  which  we  wish  to  affect,  we 
overcome  this  obstacle  and  retain  the  heart  in  such  a  condition  that  the 
circulation  can  be  restored  and  the  contractive  state  dissipated  when  the 
mechanical  impediment  is  removed  from  the  aorta. 

In  concluding  this  paper,  I  propose  to  take  a  hasty  survey  of  the  varioas 
affections  of  muscular  tissue  as  they  have  presented  themselves  in  my  expe- 
riments. 

Let  us  take  as  an  illustration  the  gastrocnemius  musole  of  the  frog  in  the 
elongated  or  uncontracted  state.  1.  It  may  exist  in  this  elongated  or  nn- 
contracted  state  with  all  its  dynamical  powers  in  a  state  of  integrity.  This 
is  its  normal  condition,  as  we  see  it  in  the  absence  of  stimuli.  2.  It  may 
exist  in  this  state  when  deprived  of  dynamical  power,  or,  in  other  words,  in  the 
absence  of  irritability.  3.  Both  these  conditions  of  elongation  may  be  asso- 
ciated with  softness  or  flaccidity  of  the  muscular  structure, — the  former  neces- 
sarily so ;   the  latter  not,  as  the  fixity  of  rigor  may  prevail. 

Now  let  us  take  the  same  muscle  iu  a  state  of  complete  contraction. 
1.  It  may  exist  in  this  state  of  contraction  with  its  dynamical  powers  per- 
fect. This  is  true  in  those  normal  contractions  which  quickly  give  place  to 
relaxation.  2.  It  may  exist  in  this  state  when  deprived  of  dynamical  power, 
as  seen  in  the  forms  of  permanent  contraction  induced  by  warm  water  and 
ethereal  vapours.  3.  In  a  state  of  softness,  or  in  a  hard  coagulated  state. 
The  soft  state  is  represented  by  normally  contracted  muscle,  severed  from 
one  of  its  attachments.  The  hard  state  is  induced  by  ethereal  vapours  and 
extremes  of  temperature. 

As  with  the  state  of  elongation,  so  with  that  of  contraction,  the  truly 
dynamical  state  is  one  of  softness. 

The  dynamical  conditions  on  which  irritability  depends  may  therefore 
exist  both  in  the  elongated  and  in  the  contracted  state,  and  may  also  be  non- 
existent in  both  of  these  states.  Properly  speaking,  irritability  is  no  more  the 
tendency  which  a  muscle  exhibits  to  contract  than  the  disposition  it  shows 
to  relax  or  elongate  subsequently  to  contraction ;  in  fact  a  comprehensive 
definition  must  include  both  these  conditions.  Nor  is  either  of  these  states 
to  be  regarded  (as  far  as  muscle  alone  is  concerned)  as  conditions  of  rest ; 
for  they  are  both  active  states  so  long  as  the  muscle  is  a  vital  structure,  and 
both  inactive  when  the  dynamical  power  of  muscle  are  absent. 

As  yet  there  seems  to  be  no  reliable  experimental  evidence  to  show  that 
muscle  per  se  ever  contracts  spontaneously,  t.  e.  in  the  absence  of  a  stimulus ; 
but  there  are  plenty  of  indications  that  the  same  agent  is  a  greater  stimulus 
at  one  time  than  another ;  nor  is  there  any  evidence  to  show  that  muscle 
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will  contract  on  the  withdrawal  of  elongating  influences,  but  abundance  to 
the  contrary  in  the  fact  that  it  will  remain  in  the  elongated  state  in  the  ab- 
sence of  all  susceptibility.  Contraction  and  elongation  would  seem  both  to 
be  dependent  on  the  existence  of  polar  forces,  which  have  a  certain  relation, 
on  the  one  hand,  to  excited  nerve  and  external  stimuli,  and,  on  the  other, 
to  some  of  the  elements  of  the  blood, — excited  nerve  and  external  stimuli  in- 
ducing the  attractive,  which  involves  contraction,  and  the  blood  the  repulsive 
polar  attitude  essential  to  elongation. 

The  attractive  state  of  the  muscular  molecules  which  represents  contrac- 
tion, is  the  condition  in  which  force  is  exhausted  by  the  association  of  unlike 
polarities ;  while  the  state  of  elongation  being  that  in  which  every  molecule 
is  opposed  to  every  other,  force  may  be  accumulated.  In  proportion  to  the 
amount  of  force  accumulated  in  the  molecules  will  be  the  intensity  of  their 
contractive  or  elongative  energy ;  and  also  in  proportion  to  their  charge  will 
be  their  proclivity  to  disturbance — in  other  words,  their  susceptibility  to 
stimuli. 

When  a  stimulus  can  no  longer  act,  it  is  because  the  force  is  exhausted. 
If  the  chemistry  of  the  muscle  be  not  absolutely  arrested,  the  power  to 
contract  under  a  stimulus  will  return.  If  at  the  moment  of  its  action  a 
stimulus  be  so  excessive  as  to  induce  the  attractive  state  of  the  molecules, 
and  at  the  same  time  to  destroy  the  force-producing  powers  of  the  muscle, 
the  molecules  will  remain  in  the  state  of  approximation,  simply  because  there 
is  an  absence  of  any  power  to  rearrange  them.  Conversely,  if  the  force- 
producing  powers  be  destroyed  during  the  state  of  elongation,  the  molecules 
remain  apart. 

Muscle,  therefore,  as  a  dead  structure,  has  no  tendency  to  remain  in  either 
one  or  other  of  these  states  preferentially.  The  loss  of  irritability  is  the  first 
evidence  we  possess  of  a  series  of  chemical  changes  which  culminate  in  such 
a  coagulation  of  the  muscular  juices  as  to  cause  fixity,  or  setting  of  the 
muscle.  When  these  changes  take  place  in  the  elongated  muscle,  the  fixed 
condition  is  produced  which  we  recognize  as  rigor  mortis ;  when,  on  the 
other  hand,  they  take  place  in  the  contracted  muscle,  they  induce  the  fixed 
hard  condition  of  the  muscular  structure  seen  in  ethereal  and  thermal  con- 
tractions. 

Substances  which  affect  muscular  tissue  may  be  classified  as  pure  stimu- 
lants, stimnlo-coagulants,  and  depresso-coagulants.  All  substances  possess- 
ing the  coagulant  property  arrest  the  chemical  reactions  between  the  mus- 
cular tissue  and  the  blood,  by  which  the  fluid  on  which  irritability  depends 
is  generated.  The  stimulo-coagulant  class  is  represented  by  the  irritant 
action  of  chloroform  and  the  ethers  generally,  and  by  extremes  of  tempera- 
ture ;  the  depresso-coagulant  by  chlorine,  carbonic  acid  gas,  and  the  sedative 
action  of  very  dilute  ether- vapour. 

It  it  possible,  therefore,  to  have  rigor  mortis,  or  coagidaiive  setting,  in  both 
elongated  and  contracted  muscles. 

While,  therefore,  my  researches  contradict  the  theory  which  refers  the 
phenomena  of  living  muscle  to  statical  electricity  as  an  elongating  power 
timphf,  contraction  being  regarded  as  due  to  an  inherent  attractive  power  of 
the  muscular  molecules,  they  are  singularly  in  accordance  with  the  con- 
clusions of  Du  Bois  Beymond,  who  regards  every  elemental  part  of  muscle 
as  a  eentre  of  electromotor  action,  containing  within  itself  positive  and 
negative  elements,  arranged  in  a  dipolar  series, — and  seem  to  fill  up  a  gap,  by 
showing  that  the  repulsive  attitude  of  this  series  is  maintained  by  the  blood. 


172  report— 1866. 

Report  on  the  Physiological  Action  of  certain  Compounds  of  Amyl 
and  Ethyl.     By  Benjamin  W.  Richardson,  M.A.,  M.D.,  FJI.S. 

In  two  previous  Reports  to  the  Association,  I  dwelt  especially  on  the  action 
of  certain  of  the  compounds  of  amyl.  The  first  Report  dealt  exclusively 
with  the  substance  known  as  the  nitrite  of  amyl.  The  second  Report  had 
further  reference  to  the  same  body,  and  also  to  amylene,  amylic  alcohol,  and 
the  acetate  and  iodide  of  amyl.  In  some  degree  these  Reports  were  com- 
plete as  far  as  they  went ;  that  is  to  say,  the  facts  presented  were  suffiaeut 
to  demonstrate  what  visible  physical  influences  were  exerted  on  dead  and  on 
living  matter  by  these  representatives  of  the  amyl  series ;  and  as  I  care- 
fully separated  the  facts  from  the  speculations  that  were  fairly  to  be  founded 
on  them,  the  Association  expressed  its  satisfaction  by  requesting  me  to  con- 
tinue researches  in  the  same  direction  but  with  a  wider  object.  I  was  de- 
sired in  the  next  Report  to  repeat  what  might  require  repetition,  but  specially 
to  pay  attention  to  the  ir%Z-compounds,  with  a  view  to  determine,  if  that 
were  possible,  whether  there  was  any  analogy  in  physiological  action  between 
the  analogous  compounds  of  the  two  series. 

SUMMARY  OP  PAST  RESEARCHES. 

Before  I  enter  on  new  ground,  it  will  be  advisable  for  me  to  recall  the 
main  facts  described  in  previous  years  and  bearing  on  the  amyl  series. 

1.  It  was  shown  that  the  nitrite  of  amyl  when  inhaled  was  the  most  pow- 
erful excitant  of  the  circulation  at  the  time  known.  It  was  demonstrated 
that  during  such  inhalation  the  action  of  the  heart  was  doubled  in  rapidity 
in  thirty  seconds,  in  men  and  warm-blooded  animals :  further,  it  was  proved 
that  this  intense  action  was  immediately  followed  by  deep  suffusion  of  the 
skin,  by  Lreathlessness  like  that  produced  by  running,  by  a  peculiar  sensation 
of  fulness  and  throbbing  in  the  head,  and  ultimately  by  failure  of  muscular 
power  of  the  extremest  kind.  It  was  also  proved  that  there  was  no  destruc- 
tion of  tho  nervous  sensibility,  that  in  animals  there  was  an  obvious  expres- 
sion of  sensibility  up  to  the  moment  of  death.  Lastly,  it  was  shown  that  in 
cold-blooded  animals,  such  as  frogs,  the  nitrite  of  amyl  suspended  animation 
for  hours,  and  even  days, — and  that,  in  young  warm-blooded  animals,  after 
exposure  to  it  until  they  seemed  to  be  dead,  the  action  of  tho  heart  continued 
for  so  long  a  period  as  eighteen  hours. 

2.  In  respect  to  amylene,  it  was  shown  that  the  vapour  of  it  was  antiseptic, 
even  when  freely  admixed  with  air ;  physiologically  tested  on  living  animals,  it 
is  found  to  be  capable  of  administration  by  being  inhaled.  It  does  not  provoke 
local  irritation,  but  it  rapidly  produces  collapse  and  total  insensibility  to 
pain.  At  the  same  time  it  seems  to  interfere  less  with  consciousness  than 
other  narcotic  vapours.  This  fact  is  of  peculiar  interest,  because  the  appa- 
rent consciousness  exhibited  by  the  subject  is  not  shared  in  by  himself,  it 
is  an  objective,  not  a  subjective  phenomenon.  The  person  under  the  influ- 
ence of  the  vapour  may  perform  acts  which  have  all  the  semblance  of  conscious 
acts ;  but  when  he  recovers  he  has  no  recollection  of  anything  that  has  oc- 
curred. The  state  thus  induced  is  very  much  like  the  phenomenon  of  som- 
nambulism ;  and  I  ventured  to  suggest  that  in  this  experiment  we  had  a 
key  to  the  cause  of  tho  disease  somnambulism,  viz.  that  there  was  possibly 
formed  in  the  body  of  the  somnambulist,  by  a  faulty  digestion,  a  substance 
of  similar  action  to  an  amyl-compound.  Amylene  I  showed  was  a  good 
anaesthetic,  and  many  surgical  operations  have  been  performed  under  its  in- 
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fluence,  bat  it  enters  into  no  chemical  combination  with  the  tissues.  This  is 
duo  to  its  great  insolubility  in  the  blood  and  animal  fluids.  Amylene  requires 
9319  parts  of  water  for  its  solution.  - 

3.  Of  amylic  alcohol  it  was  shown  that,  like  amylene,  it  was  antiseptic. 
When  the  vapour  of  it  is  inhaled,  it  produces  first  irritation  of  the  nostril, 
and  next  drowsiness  and  a  kind  of  coma,  but  without  insensibility  to  pain. 
In  this  comatose  state  there  is  developed  a  peculiar  muscular  action,  a  series 
of  rigors  which  increase  in  force  under  any  degree  of  excitement ;  but  it  is 
almost  impossible  to  destroy  life  by  its  means.  Animals  brought  to  the  verge 
of  death  and  seeming  past  all  recovery  begin  to  rally  so  soon  as  they  are 
placed  in  the  open  air. 

4.  The  acetate  of  amyl  was  shown  to  produce  the  same  kind  of  symptoms  as 
those  produced  by  amylic  alcohol ;  it  also  preserves  organic  substances  from 
putrefaction.  It  is  used  for  flavouring-jpurposes  under  the  name  of  essence 
of  pears. 

5.  The  action  of  the  iodide  of  amyl  was  shown  to  be  somewhat  different 
from  that  of  any  of  the  other  compounds.  When  inhaled  it  induces  mixed 
symptoms,  resembling  in  part  those  produced  by  the  nitrite  of  amyl,  and  in 
part  those  produced  by  amylic  alcohol.  It  causes  excitement,  great  tremor 
of  muscles,  and  during  recovery  a  singular  motion  of  the  animal  in  a  circle ; 
it  also  excites  salivation,  and  renders  the  extremities  of  the  animal  red  and 
vascular  during  inhalation. 

In  the  discussion  which  followed  the  reading  of  the  papers  named  above, 
one  special  point  attracted  most  attention.  A  question  first  was  asked  by 
Br.  Heaton,  of  Leeds,  and  afterwards  by  Professor  Wanklyn : — Whether  the 
differences  of  symptoms  observed  in  dealing  with  different  compounds  of  the 
amyl  series  turned  actually  on  a  change  in  the  base  itself,  or  on  the  combi- 
nation of  the  base  with  a  new  compound.  To  take  an  illustration :  was, 
for  instance,  the  nitrite  of  amyl  so  peculiarly  active  simply  because  it  was  an 
amyl-compound,  or  because  it  was  the  nitrite  of  amyl  ? 

This  question  is  one  of  the  chief  (if  not  the  chief)  questions  answered  in 
the  present  Report.  It  was  considered  in  the  last  Report  in  the  following 
terms : — "  The  base  amyl  is,  if  I  may  use  the  expression,  the  keynote ;  but 
variations  are  introduced  as  new  elements  are  added.  The  order  of  varia- 
tion is  most  interesting.  Wo  take  a  simple  hydrocarbon,  the  hydruret  of 
amyl,  and  we  have  an  almost  negative  body,  acting  not  unlike  nitrogen,  and 
partly  destroying  motor  force  and  consciousness,  but  no  more.  We  introduce 
the  element  oxygen  into  the  inquiry  by  using  the  hydrated  oxide  of  amyl 
or  the  acetate,  and  there  is  added  to  the  above-named  phenomena  violent 
and  persistent  tremor.  Wo  move  from  this  to  another  compound,  and  bring 
iodine  into  the  field,  and  tho  phenomena  now  embrace  free  elimination  of 
fluid  from  the  body,  vascularity  of  the  extreme  parts,  with  increased  action  of 
the  heart  and  of  respiration.  We  change  the  combination  once  more  to  bring 
nitrogen  and  oxygen  into  operation  with  the  base,  and  the  vascular  action  is 
raised  beyond  what  is  seen  from  any  other  known  substance,  to  be  followed 
by  a  prostration  so  profound  that  the  still  living  animal  might  for  a  time 
pass  for  dead." 

NEW  RESEARCHES. 

In  the  past  year  I  have  repeated  the  experiments  conducted  originally  with 
the  compounds  of  amyl,  the  compounds  themselves  being  most  accurately  made. 
The  result  has  been  tq  confirm  the  facts  previously  observed,  in  all  their 
integrity.    In  two  directions  I  have  extended  these  researches,  with  tho 
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object  of  trying  to  make  the  substances  under  notice  of  practical  utility  te 
mankind. 

Nitrite  of  Amyx  as  a  Remedy. 

1  first  experimented  to  ascertain  whether  nitrite  of  amyl,  which,  as  we  hare 
seen,  exerts  so  decided  an  effect  in  quickening  the  action  of  the  heart  when  it 
is  inhaled  by  the  living  animal,  might  be  turned  to  account  as  a  means  for 
stimulating  the  heart  into  action  in  cases  where  that  organ  has  suddenly 
ceased  to  beat,  as  in  cases  of  fatal  fainting,  in  drowning,  in  sunstroke  and 
lightning-stroke,  in  death  by  chloroform,  and  in  suffocation  from  other  nar- 
cotic vapours.  To  test  this,  the  substance  was  introduced  into  the  body  in 
two  ways — by  artificial  respiration,  and  by  transfusion  directly  into  the  heart 
through  the  arteries.  By  neither  of  these  methods  could  any  decided  effect 
be  produced.  By  the  first  (the  artificial  respiration)  a  spasmodic  action  of  the 
diaphragm  and  a  peculiar  action  of  the  muscles  of  the  nose  are  produced  for  a 
short  time ;  but  the  effect  is  very  transient.  By  the  second,  the  effect  seemed 
to  be  that  the  action  of  the  heart  was  the  more  decidedly  and  rapidly  para- 
lyzed. In  one  case,  in  connexion  with  my  friend  Mr.  Gay,  after  repeating  in 
the  dissecting-room  the  experiment  of  the  injection  of  a  dead  limb  of  the 
human  subject  with  oxygenated  blood,  1  introduced  a  free  current  of  a  blood 
containing  one  minim  of  the  nitrite  of  amyl  to  the  eight  ounces.  The  muscles 
were  by  this  means  evenly  and  steadily  injected,  and  the  odour  of  the  amyl- 
compound  was  distinctly  perceived ;  but  there  was  no  sign  of  muscular  action 
in  response  to  the  injection,  and  muscles  laid  bare  and  subjected  to  irritation 
were  still  quiescent. 

For  these  experiments  1  invented  a  new  instrument  for  transfusion,  which 
works  so  simply  and  effectually  that  I  may  be  excused,  perhaps,  if  I  diverge 
for  a  moment  to  describe  it :  the  practical  physiologist  will  find  it  of  great 
value  in  many  inquiries.     This  instrument,  as  shown  in  the  diagram,  con- 


sists of  a  glass  cylinder  (A),  with  a  flexible  tube  (B)  running  from  its  lower 
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part  or  chamber,  for  insertion,  by  means  of  a  quill  or  hollow  probe,  into  the 
vein  to  be  injected :  the  upper  part  of  the  cylinder  is  provided  with  a  stopper, 
through  which  a  tube  passes,  connected  with  a  small  pair  of  hand  bellows  (D). 
Within  the  cylinder  is  a  small  hollow  ball  (E),  or  safety-valve  regulator, 
which  floats  if  there  be  fluid  in  the  cylinder  until  the  fluid  allows  it  to  descend 
to  the  constricted  lower  part  of  the  cylinder,  when  all  further  passage  of  fluid 
is  prevented.  The  flow  of  fluid  along  the  escape-tube  can  be  checked,  or  set 
at  liberty  at  pleasure  by  the  clip  (C). 

In  using  this  instrument,  first  place  the  fluid  to  be  injected  in  the  cylinder 
(A)  and  let  a  little  run  through  the  escape-tube  (B)  to  displace  all  the  air ;  next 
close  the  escape- tube  by  means  of  the  clip  (C)  ;  then,  having  opened  the  vein 
or  artery,  while  it  is  being  pressed  upon  from  above,  insert  and  fix  the  quill 
or  hollow  probe  at  the  end  of  the  escape-tube,  and,  when  all  is  ready  for  the 
fluid  to  flow,  remove  the  clip  and  raise  the  cylinder  two  or  three  feet  above 
the  subject.  The  ordinary  fluid-pressure  will  now  usually  suffice  to  carry  the 
fluid  into  the  body  equably  and  gently  ;  but  if  there  be  any  obstruction,  the 
merest  pressure  of  the  lower  ball  of  the  hand  bellows  will  remove  it.  As  the 
fluid  descends,  the  hollow  ball  goes  down  with  it  to  within  three  inches  of 
the  bottom  of  the  cylinder,  where  it  is  opposed  by  the  constricted  neck,  and 
where  it  effectually  closes  in  all  that  is  below  it,  so  that  no  air  can  possibly 
get  into  the  blood-vessel.         ' 

Inverting  to  tho  experiments  related  above,  they,  although  negative  as 
regards  the  particular  object  in  view  during  their  performance,  teach  an 
interesting  and  useful  physiological  lesson.  They  illustrate  that  when  in  tho 
living  body  the  nitrite  of  amyl,  after  its  inhalation,  excites  the  heart  to  such 
vigorous  action,  producing  suffusion  of  the  skin  and  the  other  extreme 
symptoms  of  excitation,  the  effect  is  conducted  solely  through  the  nervous 
system.  I  believe  that  the  action  of  the  nitrite,  telling,  at  the  moment  of 
inhalation,  upon  the  extreme  filaments  of  the  olfactory  nerves,  as  well  as  on 
the  pneumogastric  tracts,  communicates  a  peculiar  and  rapid  motion,  which 
traverses  them  and,  without  any  indirect  action  on  the  blood,  reaches  the 
heart,  giving  to  it  impulse  and  vehemency  of  action. 

The  experience  of  every-day  life  tells  us  that  the  heart  may  be  thrown  into 
wmilar  activity  by  impressions  or  influences  communicated  from  the  external 
world  to  the  senses,  and  through  them  to  the  heart.  The  influences  of 
sounds,  harsh  or  melodious,  of  sights,  appalling  or  fascinating,  are  well  known, 
from  the  manner  in  which  they  come  upon  us.  From  their  invisibility  of 
action,  if  I  may  be  allowed  such  an  expression,  We  are  prone  to  look  on  them 
as  immaterial  agents :  they  are  not  so ;  thoroughly  understood  they  are 
as  material  as  a  physical  blow,  or  the  impress  of  a  liquid  or  gaseous  sub- 
stance. 

Nitrite  of  amyl  is  one  of  those  substances  which  enable  us  to  realize  this 
connexion  between  the  really  material  and  the  seemingly  immaterial  influences 
which  surround  us.  We  take  an  appreciable  quantity  of  it,  say,  half  a  grain, 
and  inhale  it  from  paper,  and  at  once  we  feel  a  quickened  action  of  the  circula- 
tion so  decisively  that  we  trace  the  effect  immediately  to  the  cause:  we  could, 
if  we  liked,  quicken  the  heart  to  absolute  silence  by  pushing  the  cause  far 
enough.  Here  there  is  no  mistake,  no  possibility  of  mistake.  But  we  can 
modify  the  experiment  and  refine  upon  it.  By  admixing  the  vapour  of  am- 
monia with  that  of  amyl,  and  diffusing  the  combined  vapours  through  a  large 

space  of  air  confined  by  walls  and  closed  windows,  we  can  charge  a  room 
with  a  compound  which  the  olfactory  sense,  as  such,  does  not  detect,  but  which 

tolls  with  active  and  peculiar  force  upon  the  heart.     In  this  way  an  invisible 


176  beport— 1866. 

and,  as  it  would  seem  to  the  unlearned,  an  immaterial  agency  acts  by  known 
rules  and  in  obedience  to  the  human  will*. 

The  day  will  soon  come  when  we  shall  know  the  mode  by  which  these  agencies 
act  upon  the  body  through  the  nervous  expanse :  we  shall  follow  out  the  living 
organism  as  so  much  matter  moveable  and  transformable  or  transmutablc, 
built  in,  and  1  had  almost  said  upon,  a  refined  medium,  itself  unchangeable, 
all-pervading,  and  establishing  a  bond  of  union  between  our  own  material 
parts,  ourselves,  our  planet,  our  universe.  We  shall  see  how  this  fluid,  itself 
physical,  subjected  to  various  influences,  is  disturbed,  and  how  it  communi- 
cates such  disturbance  to  the  grosser  matters  which  it  permeates ;  then  a 
vast  number  of  strange  and,  as  they  now  appear  to  us,  conflicting  phenomena 
will  resolve  themselves  into  a  single  and  simple  law,  and  physiology,  in  its 
wholeness,  the  science  of  the  sciences,  will  be  the  most  useful  and  the  most 
exact. 

1  have  said  that  when  the  motion  of  the  heart  has  once  been  stopped,  the 
influence  of  the  nitrite  of  amyl  ceases ;  that  the  nitrite  can  quicken  the  living 
action,  but  cannot  restore  the  lost  action.  These  are  the  facts  as  they  stand 
at  the  moment ;  but  1  must  add  as  a  qualification  that  the  negative  result  may 
perchance  be  due  to  inadequacy  of  experiment,  and  that  new  and  continuow 
experiment  may  change  the  argument. 

The  Amxls  as  Antiseptics. 

The  second  new  line  of  inquiry  to  which  the  amyl-compounds  weiv 
subjected,  was  to  determine  whether  they  could  be  turned  to  account,  practi- 
cally, as  antiseptics.  I  had  already  found  that  every  one  of  the  series  L* 
preservative,  and  I  therefore  took  one  (the  acetate)  and  subjected  it  to  special 
inquiry.  The  reason  for  taking  the  acetate  (essence  of  pears)  was  that  it 
is  most  easily  obtainable,  is  comparatively  innocuous,  and  is  removed  entirely 
from  any  organic  substance  by  the  process  of  cooking. 

The  experiments  were  made  in  the  following  manner : — 

1.  By  placing  organs  of  soft  texture  of  dead  animals,  such  as  the  spleen, 
kidneys,  and  liver,  in  lightly  closed  earthenware  chambers,  in  which  tb 
acetate  of  amyl  was  also  placed,  in  a  small  open  dish,  or  in  cloth  or  sawdo* 

2.  By  painting  over  the  substance  to  be  preserved  with  a  mixture  o£  a* 
and  acetate  of  amyl. 

3.  By  injecting  the  body  of  a  rabbit  through  the  arteries  with  a  fluid  con- 
sisting of  glycerine,  water,  and  acetate  of  amyL 

4.  By  subjecting  the  quarters  of  a  sheep  to  a  solution  of  acetate  of  amyl 
and  then  burying  the  parts  in  melted  fat  or  melted  eke. 

The  results  of  the  experiments  are  as  follow : — 

By  the  first  method,  animal  substances  may  be  preserved  fresh  when  the 
temperature  is  below  46°  Fahr.  for  three  weeks ;  and  when  the  tempe- 
rature is  above  46°  and  under  65°  for  a  week.  When  the  temperature  i? 
over  65°,  the  effect  of  the  acetate  is  very  uncertain.  The  change  that  take? 
place  in  the  meat  when  the  effect  of  the  acetate  ceases,  is  a  change  diffcria: 
from  ordinary  putrefaction ;  it  is  a  process  of  white  odourless  softening. 

The  second  method,  that  of  painting  over  the  surface  with  a  gclatino* 
envelope  containing  acetate  of  amyl,  was  not  successful. 

The  third  method,  that  of  injecting  the  tissues  by  the  arteries,  is  a  gooJ  i 
method.     The  body  keeps  well,  even  when  exposed  to  the  air  at  60°,  for  foar- 

*  I  could  make  every  heart  in  a  room  rise  ten  beats,  nt  least,  within  a  minute  witho* 
diffusing  a  detectable  odour,  aa  surely  as  I  could  Tary  the  motion  of  a  steam-cnginf  4" 
moving  the  lever. 


OX  THI  PHYSIOLOGICAL  ACTION  OF  AMYL  AND  ETHYL  COMPOUNDS.    177 

teen  days.  I  have  no  doubt  that  animals  injected  in  this  way  might  be 
transported  wholesale,  if  enclosed  in  boxes,  during  a  voyage  of  three  weeks 
or  a  month. 

The  last  method,  that  of  bringing  the  structure  into  close  contact  with  the 
amyl-compound,  was  not  successful.  I  gathered  from  all  these  experiments 
that  as  antiseptics  the  amyls  require  to  be  so  applied  that  they  diffuse  through 
the  tissues,  and  that  they  continue  to  act  until  they  are  carried  away. 

ON  THE  PHYSIOLOGICAL  ACTION  OP  SOME  COMPOUNDS 
OF  THE  ETHYL  SERIES. 

Turning  from  these  amyl-compounds,  I  have  next  to  report  on  some  of  the 
bodies  belonging  to  the  ethyl  series.  For  many  centuries  the  ethers  have 
been  known  and  studied  as  substances  possessing  peculiar  powers  over  animal 
bodies ;  and  of  late  years  their  use  as  anaesthetic  substances  for  general  and 
local  purposes  has  given  to  them  additional  interest. 

The  compounds  of  ethyl  which  I  have  specially  studied  are  the  oxide,  the 
acetate,  the  nitrite,  and  hydrofluoric  ether. 

Oxide  of  Ethyl. 

The  first  of  these,  commonly  known  as  pure  ether,  rectified  ether,  or 
sulphuric  ether,  is  a  substance  that  has  been  of  great  interest  to  the  modern 
physiologist,  owing  to  the  fact  that  it  has  been  applied  largely  for  producing 
general  insensibility  to  pain  by  the  process  of  inhalation,  and  more  recently 
by  the  local  process  of  evaporation. 

Although  largely  demanded  for  the  first  of  these  processes,  the  oxide  of 
ethyl  that  has  been  sold  for  .the  purposes  of  the  medical  physicist  has  been 
most  imperfect.  The  absurd  rule  of  the  Pharmacopoeia,  which  allowed  a  cer- 
tain small  admixture  of  alcohol  with  ether,  was  the  loophole  through  which 
the  most  flagrant  abuses  were  permitted  to  find  way.  In  fact,  when  at  the 
commencement  of  the  present  year  I  required  oxide  of  ethyl  on  a  large  scale, 
I  could  not  for  many  weeks  obtain  any  pure  specimen  that  was  not  specially 
made  for  me :  there  was  no  uniformity  either  in  respect  to  specific  gravity, 
bouing-point,  or  reaction.  These  facts  fully  account  for  the  great  diversity  of 
the  opinions  that  have  been  expressed]  relative  to  the  action  of  ether  on  the 
bodies  of  men  and  animals.  The  process  for  obtaining  a  pure  oxide  of  ethyl 
is  nevertheless  very  simple,  and  demands  only  care,  patience,  and  honesty. 
Since  February  last,  two  thousand  pounds  weight  of  absolute  ether  have  been 
sent  ont  from  one  London  house  alone,  that  of  Bobbins  and  Company  of 
Oxford  Street. 

The  pure  substance  is  a  colourless,  almost  inodorous  fluid;  its  specific 
gravity  is  0*716  to  0*720 ;  and  88°  Fahr.  may  be  taken  as  its  mean  boiling- 
point 

With  a  pure  and  reliable  oxide  of  ethyl,  I  have  been  enabled  to  study 
the  physiological  action  of  the  substance  with  a  precision  not  before  attained. 

To  produce  a  decided  effect  on  the  body  of  a  warm-blooded  animal  by 
means  of  ether,  it  is  best  to  administer  the  substance  in  the  form  of  vapour, 
charging  the  air  with  from  twenty  to  twenty-five  per  cent.,  and  sustaining 
the  supply  steadily.  The  sensations  produced  are  from  the  first  pleasurable; 
there  is  expansion* of  idea  in  relation  to  space  and  to  objects,  then  confusion 
with  a  peculiar  sensation  of  sweetness  in  the  mouth,  and  at  last  oblivion. 
The  ether  being  withdrawn,  recovery  is  very  rapid  indeed,  so  rapid  that  there  is 
scarcely  any  perceptible  stage  of  recovery :  it  is  a  sudden  awaking  to  complete 
consciousness.    In  this  respect  ether  closely  resembles  amylene  in  its  action. 

1866,  y 
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If  inferior  animals  bo  subjected  to  absolute  ether,  and  the  influence  of  the 
vapour  on  their  lungs,  heart,  and  blood  be  carefully  observed,  we  find  that  the 
lungs  undergo  a  slight  congestion,  that  the  heart  is  filled  with  blood  on  both  its 
sides,  and  the  venous  blood  in  its  transit  through  the  pulmonic  circuit  cease? 
to  become  arterialited.  At  the  same  time  there  is  no  destruction  of  the  parti 
of  the  blood,  and  the  process  of  coagulation  is  unaltered.  When  death  is 
induced  by  pure  ether,  the  event  occurs  by  arrest  of  respiratory  power.  It 
occurs  much  in  the  same  way  as  in  death  by  drowning  or  by  suffocation  in 
carbonic  acid.  It  is  a  great  point  to  state,  and  it  is  most  strictly  true,  that 
absolute  ether  has  no  directly  poisonous  action  upon  the  heart.  I  have  seen 
good  pulsation  of  both  sides  of  the  heart  for  forty-five  minutes  after  ▼hat  . 
may  be  considered  the  death  of  the  animal.  For  this  reason  the  action  of 
absolute  ether  contrasts  most  favourably  with  chloroform.  Chloroform  kfflf 
by  its  paralysing  action  upon  the  heart ;  hence  when  chloroform  become* 
deadly,  it  is  inevitably  deadly  because  it  becomes  impossible  to  remove  it  from 
the  parts  on  which  it  acts  to  destroy.  Ether,- on  its  side,  when  it  begins  to 
cause  embarrassment,  is  acting  simply  upon  the  respiration;  and  it  is  only 
necessary  to  cease  to  administer  it  to  ensure  recovery. 

On  the  whole,  after  a  most  careful  comparison  of  the  action  of  absolute  j 
oxide  of  ethyl  with  the  action  of  other  volatile  substances   possessing  J 
anaesthetic  properties,  I  claim  for  it  that  it  is  the  safest  of  all  known  anaes-  * 
thetics,  that  any  indifferent  effects  arising,  in  past  times,  from  its  employ* 
ment  were  due  to  badness  of  the  article,  and  that  science,  not  less  than  regard 
for  human  life,  bids  us,  when  a  general  anaesthetic  is  absolutely  necessary, 
go  back  to  ether  as  the  safest  agent. 

In  order  to  ascertain  what  would  be  the  effect  of  actually  impregnating 
the  whole  body  of  an  animal  with  absolute  ether,  I  injected  one  ounce  of  it 
into  the  aorta  of  an  animal  (a  rabbit)  already  rendered  insensible  by  the 
vapour.  The  result  was  that  the  fluid  injected  began  to  boil  rapidly  in  the 
tissues  with  a  free  escape  of  ether-vapour,  followed  by  a  sudden,  almost  in- 
stant stiffness  affecting  the  muscles  of  the  whole  body.  This  effect  was  due 
to  the  rapid  extrication  of  heat  from  the  tissues.  It  was  a  kind  of  general 
freezing  of  the  tissues. 

ACBTATB  Ot  ETHYL  A1TD  HYDROFLUORIC  EtHBR. 

The  acetate  of  ethyl  and  hydrofluoric  ether  are  chiefly  remarkable  for 
their  powerful  solvent  action  on  all  the  tissues  of  animals.  They  can  neither 
of  them  be  safely  administered  by  inhalation,  but  both  of  them  may  admit  of 
being  largely  and  usefully  employed  for  the  destruction  and  removal  of 
morbid  growths.  Directed  on  the  blood  they  break  it  up  absolutely,  destroying 
alike  the  corpuscles,  the  fibrine,  and  the  albumen.  In  short,  hydrofluoric 
ether  may  be  looked  on  as  a  universal  solvent  of  the  animal  tissues ;  nothing 
escapes  its  action  except  the  gelatinous  structures,  and  these  not  altogether. 

Nitrite  of  Ethyl. 

The^  nitrite,  or  more  correctly  the  hyponitrite  of  ethyl,  nitrous  ether,  is 
made  in  a  similar  manner  to  nitrite  of  amyl,  the  difference  being  that  the 
nitrouB  fumes  are  passed  through  ordinary  alcohol.  The  fluid  when  pure  is 
of  a  light  amber-colour ;  the  specific  gravity  is  0*950,  and  the  boiling-point 
60°  Fahr.  The  physiologist  who  would  work  with  it,  should  mix  it  with 
absolute  ether  in  fixed  proportions — say,  of  ten,  twenty-five,  or  fifty  per  cent. 
It  is  so  volatile  that  without  this  precaution  it  cannot  be  readily  employed. 

The  action  of  nitrite  of  ethyl,  as  Professor  Wanklyn  suggested  last  year, 
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is  closely  analogous  to  the  action  of  nitrite  of  amyl.  Inhaled  in  quantities 
of  not  less  than  a  grain,  it  induces  the  same  sensation  of  fulness  of  the  head, 
rapid  action  of  the  heart,  and  some  suffusion  of  the  skin.  Animals  subjected 
to  it  in  the  proportion  of  fifteen  minims  diffused  as  vapour  through  a  cubic 
foot  of  air,  die  almost  instantaneously  from  sudden  failure  of  the  heart,  but 
even  up  to  the  moment  of  death  they  retain  their  consciousness  and  sensi- 
bility. The  nitrite,  consequently,  is  in  no  sense  to  be  regarded  as  an 
anesthetic. 

Precisely  as  the  nitrite  of  amyl,  nitrite  of  ethyl,  when  it  kills,  leaves  the 
lungs  entirely  collapsed  and  so  perfectly  white  that  one  could  assume  they 
had  been  carefully  washed  free  of  blood.  This  effect  is  due  perhaps  to  the 
rapid  contraction  of  the  pulmonary  capillaries.  The  blood  is  changed  in 
colour,  the  arterial  blood  being  rendered  very  dark,  and  the  venous  of  a  deep 
chocolate  tint*  ;  the  muscles. are  also  all  left  blanched,  as  if  the  death  had 
occurred  from  loss  of  blood. 

It  will  be  remembered  that,  in  describing  the  action  of  nitrite  of  amyl,  I  ex- 
plained that  in  cold-blooded  animals  the  substance  suspended  their  animation, 
and  that  frogs  that  had  been  rendered  powerless  by  it,  and  to  common  obser- 
vation inanimate,  would  sometimes  spontaneously  recover  even  so  long  as  nine 
days  after  the  administration.  This  same  phenomenon  I  have  observed  with 
nitrite  of  ethyl,  together  with  another  even  more  singular.  It  is  this.  If  a 
young  animal,  say  a  kitten,  be  subjected  so  suddenly  to  the  nitrite  as  to  fall 
senseless  and  to  appearance  dead  in  or  within  the  minute,  it  will  remain  in  the 
same  state  for  six  or  even  ten  minutes,  yielding  no  evidence  of  life :  it  will 
not  breathe,  and  the  most  delicate  auscultation  will  fail  to  detect  motion 
of  the  heart.  But  after  a  period  varying  from  six  to  ten  minutes  it  will 
spontaneously  recommence  to  breathe,  and  with  every  movement  of  expiration 
a  breath  sufficient  to  dull  a  mirror  will  pass  from  the  nostril.  As  the  breath- 
ing recommences,  the  heart  also  begins  its  work,  making  a  series  of  distinct 
intermittent  strokes.  This  condition,  looking  like  an  actual  return  of  life, 
will  last  so  long  as  half  an  hour,  and  will  then  cease  gradually,  the  animal 
lapsing  again  into  a  state  of  actual  inertia  or  death. 

In  concluding  this  Report  I  would  place  the  facts  I  have  collected,  in 
respect  to  the  ethyl  series,  as  follows  : — 

1.  Oxide  of  ethyl,  or  pure  rectified  ether  as  it  is  commonly  oalled,  is  the 
best  of  all  known  agents  for  the  production  of  general  anaesthesia  by 
inhalation. 

2.  The  peculiar  difference  of  action  between  the  oxide  of  ethyl  and  the 
nitrite  of  ethyl  is  due  to  the  introduction  of  a  new  element,  nitrogen,  into 
the  latter  compound.  This  difference  of  composition  makes  the  nitrite  approach, 
m  action,  bodies  of  the  alkaloidal  class,  strychnine  and  its  analogues. 


Second  Report  on  the  Structure  and  Classification  of  the  Fossil 
Crustacea.    By  Henry  Woodward,  F.G.S. 

I  havb  now  to  submit  a  Second  Report  upon  the  Fossil  Crustacea,  which 
have  for  some  years  past  occupied  my  attention.  Since  the  last  Report 
made  to  the  British  Association  in  Birmingham  in  1865, 1  have  described  and 
%ued  a  new  Iiassio  Crustacean  from  the  Lower  lias  of  Charmouth — the 

*  The  coagulation  of  blood  is  not  modified* 
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Jfiger  Harden — a  genus  hitherto  characteristic  of  the  Solenhofen  Slates  of 
Bavaria*. 

The  following  new  genera  and  species  of  Crustacea  were  communicated 
by  me  to  the  Geological  Society  on  the  23rd  May  last,  and  will  appear  in  the 
next  part  of  the  '  Quarterly  Journal'  of  that  Society : — 

"2.  '  On  a  new  Genus  of  Phyllopodous  Crustacea  from  the  Monat  Shales 
(Lower  Silurian),  Dumfriesshire.' 

"  The  fossil  described  consists  of  the  disk-shaped  shield  or  carapace  of  an 
Apus-like  Crustacean,  the  nearest  known  form  to  it  being  PeUocaris  apty- 
choidcs,  Salter,  from  which,  however,  it  is  at  once  distinguished  by  the 
absence  of  a  dorsal  furrow. 

"  A  line  of  suture  divides  the  wedge-shaped  rostral  portion  of  Hie  shield 
from  the  rest  of  the  carapace,  the  two  parts  being  seldom  found  together. 
From  its  strong  resemblance  to  Discina,  the  author  proposed  for  it  the  generic 
name  Discinocaris,  and  named  the  species  Browniana,  after  Mr.  D.  J.  Brown, 
who  first  drew  his  attention  to  it. 

"  3.  '  On  the  Oldest  known  British  Crab  (Pal<zinachus  longijpes,  H.W.)  from 
the  Forest  Marble  of  Malmesbury,  Wilts.' 

"  The  author  stated  that  three  genera  and  twenty-five  species  of  Brachy- 
urous  Crustacea  had  already  been  described  by  Professor  Beuss  and  H.  von 
Meyer  from  the  Upper  White  Jura  of  Germany ;  but  as  no  limbs  or  abdo- 
minal segments  had  been  met  with,  it  was  more  doubtful  where  to  place 
them  than  the  species  now  described,  which  had  nearly  all  its  limbs  in  situ, 
and  a  portion  of  the  abdomen  united  to  it.  Palcdnackus  closely  resembles 
the  common  Spider-crabs  (the  Maiadce  and  Leptopodidcc)  living  on  our  own 
coasts. 

"  4.  '  On  the  Species  of  the  genus  Eryon,  Desm.,  from  the  lias  and  Oolite 
of  England  and  Bavaria.' 

"  The  genus  Eryon  of  Desmarest  was  established  for  certain  extremely  broad 
and  flat  forms  of  Astacidcc  found  in  the  Solenhofen  limestone  near  Munich, 
and  first  described  in  1757.  The  late  Dr.  Oppel  has  recorded  fourteen 
species,  two  of  which,  E.  Barrovensis  and  E.  (CoUid)  antiquus,toxeJErom  the 
Lias  of  England.  Mr.  Woodward  gave  descriptions  and  figures  of  R  Barro- 
veiisis,  M'Coy,  and  five  other  species,  namely: — E.  crassidulis,  E.WUmcoUnsis, 
and  E.  Brodiei,  from  the  Lower  lias ;  E.  Moorei,  from  the  Upper  lias  of 
Ilminster ;  and  E.  Oppdi,  from  the  lithographic  stone  of  Solenhofen." 

The  plates  exhibited  form  (with  one  other)  the  first  part  of  the  Monograph 
on  the  Merostomata  for  the  Paleeontographical  Society,  and  will  be  published 
shortlyf. 

I  have  lately  had  the  opportunity  to  examine  specimens  of  Limuli  from 
the  Coal-measures  of  Kilmaurs,  Dudley,  and  Coalbrook-dale,  and  am  happy 
to  state  that  they  have  enabled  me  in  the  most  satisfactory  manner  to  de- 
monstrate the  connexion  between  this  division  of  Crustacea  and  the  older 
Eurypterida  on  the  one  hand  and  the  recent  King-crabs  on  the  other.  (See 
Report,  Section  DJ.) 

The  forms  which  occur  in  this  zone  (the  Pennystone  Ironstone)  differ 
from  Limulus  in  the  less  anchylosed  condition  of  their  segments  and  the 
possession  of  three  well-marked  divisions,  representing  the  head,  thorax,  and 
abdomen,  the  latter  being  represented  by  three  anchylosed  segments,  and 
having  the  intervening  segments  of  the  thorax  free  and  unarticulated. 

*  See  Geol.  Mag.  1866,  vol.  iii.  p.  10,  pi.  1. 

t  They  have  since  (Dec.  1866)  appeared. 

X  Also  Quart.  Journ.  Geol.  Soc.  voL  xziii.  p.  28. 
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The  best  example  of  this  is  the  Belinurus  regince  of  Baily,  from  the  Irish 
Coal-measures ;  then  follows  the  B.  trilobitoides,  of  Buckland,  the  B.  an- 
thrax, Prestwich,  the  B.  arcuatus,  Baily,  and  lastly,  the  B.  rotundatus  of 
Prestwich.  By  placing  these  forms  in  the  order  indicated,  we  find  a  gradual 
change  from  the  less  to  the  more  anchylosed  condition  of  the  body-segments, 
which  attains  its  greatest  concentration  in  the  recent  Limulus. 

Bat  besides  these,  we  have  in  Hemiaspis  a  form  more  separated  into  distinct 
segments  thai!  is  Belinurus  regince ;  so  that  the  passage  from  Eurypterus  to 
Belinurus,  and  from  that  again  to  Limtdus  proper,  seems  capable  of  being 
bridged  oyer,  and  we  are  justified  in  placing  them  in  the  same  order,  though 
separated  into  distinct  subdivisions. 

We  have  adopted  Br.  Dana's  name  of  Mebostomata  for  the  order,  making 
the  first  suborder,  Eubtptkbtda,  to  contain : — 

A. 

1.  Pterygoids,  Agassiz,  having  14  species. 


2.  Slimonia,  H.  W.,            „ 

3.  Stylonurus,  H.  W.,         „ 

4.  Eurypterus,  De  Kay,      „ 

5.  IkiUchopterus,  Hall,        „ 

6.  Bunodes,  Eichw.,            „ 

7.  Arihrcpieura,  Jordan,     „ 

B. 

8.  Hemiaspis,  H.  W.,         „ 

3 

6 

20 

1 
1 
1 

5 

51  species. 
Second  suborder,  Xiphosuba,  to  contain : — 

A. 

1.  Belinurus,  Ktinig,   having  5  species. 

B. 

2.  Limtdus,  Miiller  „      14       „ 

19  species. 

I  characterize  the  order  Meeostomata  as  Crustacea  having  the  mouth  fur- 
nished with  mandibles  and  maxillae,  the  appendages  to  which  fulfil  the  func- 
tions of  limbs,  becoming  walking-  or  swimming-feet,  and  organs  of  prehension. 

Suborder  Etotptebida,  Huxley,  1859. — Crustacea  with  numerous  free 
thoracico-abdominal  segments,  the  first  and  second  of  which  bear  one  or  more 
broad  lamellar  appendages  upon  their  ventral  surface,  the  remaining  segments 
being  devoid  of  appendages ;  the  anterior  rings  united  into  a  carapace  bearing 
a  pair  of  larval  eyes  near  the  centre,  and  a  pair  of  large  marginal  or  subcen- 
tral  eyes ;  the  mouth  furnished  with  a  broad  postoral  plate  or  metastoma,  and 
five  pairs  of  moveable  appendages,  the  posterior  of  which  form  great  swim- 
ming-feet,— the  telson  or  terminal  joint  being  extremely  variable  in  form,  and 
the  integument  characteristically  sculptured. 

Xxphostjba  (Gronov.). — Crustacea  having  the  anterior  segments  welded 
together  to  form  a  broad  convex  buckler,  upon  the  dorsal  surface  of  which  are 
placed  two  larval  frontal  eye-spots,  and  two  large  lateral  compound  eyes. 
Beneath  this  shield-like  covering  is  placed  the  mouth,  furnished  with  a 
small  labrum  and  a  rudimentary  metastoma,  and  six  pairs  of  moveable  appen- 
dages. Posterior  segments  of  the  body  more  or  less  free  in  the  fossil 
species,  but  anchylosed  together  in  the  recent  species,  and  bearing  upon 
their  ventral  surfaces  a  series  of  broad  lamellar  appendages.  The  telson  or 
terminal  segment  ensiform. 
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1  have  prepared  a  Table  which  gives  the  species  in  detail,  with  their  geo- 
logical position  and  locality  (it  includes  ten  genera  and  seventy  species*); 
also  representations  of  all  the  genera  save  three,  which  require  further  con- 
firmation before  they  can  be  figured  otherwise  than  as  fragments. 

The  geological  range  of  this  order  is  as  follows : — We  find  there  are  37 
species  in  the  Upper  Silurian ;  7  in  the  Lower,  and  8  in  the  Middle  Devonian ; 
1  in  the  Lower  Carboniferous,  and  7  in  the  Upper ;  1  in  the  Permian  of  Bussia ; 
1  in  the  Trias  of  Germany ;  7  in  the  Lithographic  stone  of  Solenhofen ;  1  in 
the  Tertiary  Brown  Coal  of  Saxony ;  and  4  living  species  inhabiting  the  shores 
of  Molucca,  Japan,  China,  the  East  Indies,  and  the  eastern  shores  of  North 
America.  They  have  been  met  with  geologically  in  the  State  of  New  York, 
especially  in  Buffalo  county ;  in  Ireland  (Eiltorcan,  fragments  only) ;  in  For. 
farshire,  Lanarkshire,  Pifeshire,  and  Caithness  in  Scotland;  in  Hereford- 
shire, Worcestershire,  and  Staffordshire ;  in  the  islands  of  the  Baltic  (Oesel 
and  Gothland) ;  in  Bavaria,  Saxony,  Poland,  and  as  far  east  as  the  govern- 
ment of  Perm  and  the  Ural  Mountains ;  so  that  their  geological  distribution 
is  quite  as  wide  as  that  of  their  living  congeners. 

The  Limtdus  of  the  Upper  White  Jura  cannot,  so  far  as  we  are  acquainted 
with  it,  be  well  separated  genetically  from  those  of  the  present  day.  Hot 
vast,  then,  must  have  been  the  period  represented  between  the  lifetime  of  the 
Bdinurus  of  the  Coal-measures  and  that  of  the  Limvius  of  the  Oolites !  and 
yet  we  should  be  unwilling  to  doubt  their  relationship  by  descent.  Each  an- 
tecedent period,  then,  must  have  been  infinitely  greater  as  we  recede  to  the 
Wenlock,  where  the  first  traces  of  PUrygotua  occur. 


Second  Report  on  the  "  Menevian  Group"  and  the  other  Formations  at 
St.  David's,  Pembrokeshire.  By  H.  Hicks,  and  J.  W.  Salter, 
F.G.S. 

The  work  of  the  past  year  has  not  been  confined  to  procuring  fossil  speci- 
mens, although  that  object  has  been  kept  steadily  in  view. 

The  extent  and  direction  of  the  various  beds  has  been  particularly  noted ; 
and  a  much  greater  area  than  was  formerly  suspected  has  been  found  occu- 
pied by  the  respective  lower  fossil  groups  Menevian,  Ffestiniog,  Tremadoc, 
and  the  great  Arenig  or  Skiddaw  group — formations  which  have  only  of  late 
years  been  accurately  explored. 

Above  these  rocks,  and  forming  their  upper  limit,  wo  have  in  the  St. 
David's  promontory  the  Llandeilo  flags,  a  formation  that  does  not  need  a 
special  description,  since  it  is  already  well  known  to  us  in  the  '  Silurian 
System,'  and  under  the  name  of  Lower  Bala  in  Prof.  Sedgwick's  works. 

The  fossil-bearing  strata  in  the  neighbourhood  of  St.  David's  are  mostfy 
exhibited  in  coast  sections ;  and  the  grant  has  been  very  useful  in  enabling 
Dr.  Hicks  to  employ  boat-service  in  the  work.  Without  boats,  indeed,  it 
would  be  impossible  to  make  sure  of  the  succession,  so  much  have  the  strata 
been  disturbed  and  faulted,  and  also  in  many  parts  covered  by  drift.  Bat 
the  series,  once  accurately  denned  by  this  examination,  could  be  tested  by 
reference  to  roadside  and  brook  sections,  where  the  beds  are  weathered;  and 
hence  we  can  now  offer  a  tolerably  accurate  map  of  all  the  formations,  and 
extend  it  over  a  larger  part  of  the  district.     Moreover  in  aU  about  sixty-fire 

*  This  Table  has  since  been  published  by  the  Palieontofrtphteal  Society.— Dec  1801 
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or  seventy  new  or  partly  described  species  have  been  found  peculiar  to  this 
region,  and  these  wait  for  description. 

That  the  additions  to  the  geology  of  St.  David's  during  the  last  few  years 
may  be  more  clearly  understood,  it  is  well  to  state  what  formations  are  now 
known  to  be  present  in  the  promontory  that  forms  the  north  shore  of  St. 
Bride's  Bay.  The  Survey  Map  does  not  profess  to  subdivide  the  slate-rocks 
and  volcanic  grits,  but  only  to  separate  these  as  a  mass  from  the  purple  and 
grey  sandstones  coloured  as  Cambrian  rock  (the  Harlech  group  of  Professor 
Sedgwick). 

In  ascending  order  we  have  then : — 

1.  The  Harlech  Group  (Sedgwick),  consisting  of  purple  and  greenish-grey 
sandstone,  passing  above  into  grey  sandstones  (not  grits)  which  are  fossili- 
ferous. 

This  mass  of  purple  and  greenish-grey  flags  forms  the  axis  of  the  promon- 
tory, thrown  into  a  violent  anticlinal  along  the  line  of  the  so-called 
"  syenite/'  which  is  partly  altered  Cambrian  rock,  and  partly  crystalline 
rock,  perhaps  syenite  in  some  places. 

2.  The  Menevian  Group,  1500  or  1600  feet  thick,  of  dark-grey  (and  even 
black)  flags  and  shales,  alternating  in  its  upper  and  larger  portion  with  sand- 
stone.   This  is  the  great  fossiliferous  group. 

3.  Ffestiniog  Group  (Sedgwick). — Hard  siliceous  sandstone  with  grey  flaky 
slate,  containing  Lingulella  Davisii. 

4.  Tremadoo  Group. — Sandstones  and  earthy  slates,  much  like  those  of 
the  Ffestiniog  group,  but  of  a  bluish-grey  colour  and  more  uniform  texture. 

5.  Arenig  or  SJaddaw  Group. — A  thick  series  of  iron-stained  slates  and 
flags,  interlined  throughout  by  felspar  lines  and  felspathic  ashes,  containing 
large  Trilobites  and  shells  of  new  species,  and  Oraptolites  like  those  of 
Skiddaw. 

6.  UandeUo  Flags. — Black  elates,  with  felspar  beds  and  interbedded  trap, 
foasOs  abundant. 

We  may  now  give  a  few  explanatory  details,  as  brief  as  possible,  respecting 
each  of  those  formations : — 

1.  Concerning  the  Harlech  group,  it  must  be  noted  that  the  sections  on 
the  south  coast  (Caerbwddy  for  instance)  show  a  distinct  passage  down- 
wards into  the  central  syenitic  mass,  so  gradual  as  to  induce  the  belief  that 
the  mass  of  rock  is  no  other  throughout  than  altered  Cambrian  beds.  "Near 
St.  David's  the  same  thing  is  visible.  Altered  purple  beds  close  to  the  town 
arc  succeeded  by  rock  apparently  crystalline,  but  showing  distinct  rounded 
grains  of  quartz  (as  minute  pebbles)  throughout  the  mass.  It  is  evidently 
a  slightly  altered  grit  or  conglomerate.  In  other  places  further  east,  the 
rock  is  certainly  melted  in  its  central  portions,  but  passes  so  gradually  into 
olive  shales  through  hardened  flinty  beds  and  hornstones,  that  no  true 
boundary  can  be  traced. 

The  series  of  sandstones,  purple,  green,  and  grey,  which  succeed  are  laid 
down  with  tolerable  accuracy  on  the  Survey  Map  (except  where  bounded  by 
the  prevailing  faults).  All  the  accessible  localities  have  been  searched  for 
fossils,  but  with  no  success  until  the  highest  portion  was  reached ;  immediately 
above  the  topmost  purple  bands,  160  feet  or  so  of  these  top  beds  contains 
fossils,  uot  many  species,  but  of  the  genera  Paradoxides,  Conocoryphe,  Ag- 
wxtu9t  Theca,  and  a  new  genus,  Cyrtotheca. 

These  are  of  much  the  same  character  as  those  of  the  next  group,  (hough 
the  Trilobites  differ  specifically. 
2.  Menevian  Group. — The  list  of  fossils  belonging  to  this  group  is  now 
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extended  to  more  than  forty  species.  Their  distribution  remains  precisely 
the  same  as  that  elaborated  in  the  last  Keport.  The  greater  number  of 
species  occur  with  the  largest  Paradoxides,  P.  Davidis,  which  is  the  upper- 
most of  the  three  forms  known  ;  P.  Hicksii  occurs  at  the  base  of  the  really 
dark  shales,  close  upon  the  grey  beds  of  the  Harlech  group  just  mentioned, 
in  which  group,  200  feet  down,  lies,  as  before  noted,  the  P.  Aurora. 

It  is  worth  notice  that  these  three  species,  with  their  accompanying 
smaller  forms  (Conocoryphe,  Theca,  Agnostus  with  each),  keep  close  to  their 
own  particular  domains,  the  species  of  Paradoxides  being  never  found  mixed 
together.  This  may  serve  to  show  how  very  perceptible  a  change  of  fauna 
may  occur  within  moderate  limits ;  for  the  section  is  perfectly  continuous,  and 
yet  these  Trilobites  are  confined  to  narrow  bands  and  do  not  reappear. 

A  species  of  Orihis,  with  few  large  plaits,  has  been  found  this  year,  the 
minute  predecessor  of  all  the  Orthis  tribe.  Hitherto  nothing  but  horny 
species  of  Brachiopods  (Lingula  and  Distinct)  has  been  known  to  occur  in 
these  old  beds ;  and  one  or  other  of  these  go  down  to  the  very  base,  while  the 
Orihis  is  only  found  above  the  limit  of  the  highest  Paradoxides-beda. 

[The  fossils  exhibited  gave  a  general  idea  of  this  old  fauna;  a  much 
larger  series  is  sent  to  the  British  Museum  and  Jermyn  Street.] 


3.  With  respect  to  the  Ffestiniog  group,  or  true  Lingula-flagbeds,  we  find 
this  formation  occupying  its  right  place,  at  the  very  top  of  the  Menanan 
group.  It  occurs  in  a  faulted  patch  in  "Whitesand  Bay ;  and  forms  a  bold  bat 
narrow  synclinal  at  the  mouth  of  Solva  Harbour  and  the  Cradle  Bock.  It 
also  occurs,  of  diminished  thickness,  in  the  district  lying  between  the  granite 
of  Brawdy  and  Asheston  and  the  syenitic  axis.     Upon  it  lies  a  trough  of— 

4.  Tremadoc  Beds,  or  what  we  regard  as  such.  They  have  only  this 
year  been  worked  out  fully.  And  lying  as  they  do  upon  the  true  Lingula- 
flag  and  under  the  Arenig  or  Skiddaw  slate,  they  can  hardly  be  anything 
but  Tremadoc  beds.  They  graduate  by  insensible  degrees  from  the  Lingula- 
Sandstones,  first  as  bluish-grey  slate,  and  then  earthy  grey  thick-bedded  rock 
of  a  peculiar  tough  texture,  and  contain  the  following  fossils : — 

Calymene,  2  species. 

Homalonotus,  1  species. 

Asaphus,  a  giant  species  and  a  smaller  one,  the  former  all  but  undistin- 
guishable  from  the  Asaphus  Homfrayi  of  the  Tremadoc  rocks. 

Orihoceras,  with  peculiar  arched  striae. 

Nucula  or  Ctenodonta,  2  or  3  species. 

Orihis  Carausii,  a  coarse-ribbed  fossil,  highly  characteristic  of  these  beds. 

Orthis,  a  fine-ribbed  species  like  0.  elegantula. 

BeUerophon,  Lingula,  Obohlla. 

Now  this  fauna  is  wholly  unlike  the  deep-water  fauna  of  the  Tremadoc 
region.  It  is  evidently  a  thin  formation,  deposited  in  much  shallower  inter: 
and  this  may  be  the  reason  of  the  great  change  in  the  fauna. 

But  there  is  something  peculiar  in  the  absence  of  the  recognized  upper  beds 
of  the  Lingula-flags  as  they  exist  in  North  Wales.  Instead  of  a  recurrent 
of  black  slate  for  the  Upper  Lingula -flags  and  lower  portion  of  the  Tremadoc 
group  (forming  a  very  thick  set  of  formations  deposited  in  deep  water),  ve 
have  only  a  thin  series  of  comparatively  shallow  water  accumulation?, 
marked  by  abundance  of  worm-tracks,  and  the  fossils  above  quoted.  This 
gives  a  marked  character  to  the  series,  and  indicates  the  following  successiofi 
up  to  this  point ; — 
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(1)  Shallow-water  or  shore  beds  for  the  Harlech  group. 

(2)  Slow  depression  for  the  Menevian  group. 

(3)  Shallow-water  or  shore  accumulations  for  the  IAngula-flag. 

(4)  Gentle  depression  for  the  Tremadoc. 

(5)  And,  lastly,  deep  and  decided  depression  of  the  sea-bed  to  receive  the 

next  great  formation — the  Arenig  Rocks  (Lower  Llandeilo,  Murchison). 

5.  ALrcnig  or  Skiddaw  Bock. — A  formation  at  least  a  thousand  feet  thick,  of 
vertical  beds  of  black  shale,  seen  in  Whitesand  Bay,  and  occupying  also  more 
than  half  of  Ramsey  Island,  where  they  lie  in  a  distinct  trough  of  Tremadoc 
and  Lvngxtla-jlags ;  and  everywhere  characterized  by  the  following  fossils : — 

ASglina,  2  species. 

Ogygta*  2  large  species.     0.  peltaia  and  0.  bullata. 

Asvtphus,  a  large  species. 

Trrnwleus,  2  species. 

Ampyar,  n.  sp. 

Agnostus,  Orthis,  Lingtda,  Theca,  BeUerophon. 

And,  lastly,  branched  and  twin  Graptolites,  viz.  Dendrograpsus  and  Di- 
dymograpsu*. 

No  Graptolites  occur  beneath  the  Skiddaw  group  in  Britain.  And  though 
all  these  species,  except  the  Graptolites,  are  distinct  from  the  fossils  of  the 
same  strata  in  North  Wales  and  Shropshire,  the  probable  reason  is,  that  the 
latter  were  in  shallow  water,  while  ours  is  evidently,  like  the  Skiddaw  slate, 
a  deep-water  series.  We  may  therefore  expect  these  species  to  be  found  in 
Cumberland. 

Ramsey  Island  is  worth  a  visit ;  for  the  exhibition  of  the  three  sets  of  rocks 
(LinguJa-Jlag,  Tremadoc,  and  Arenig)  is  very  complete  on  the  north  side  of 
the  island,  and  fossils  are  abundant. 

6.  To  complete  the  geology  of  St.  David's,  one  must  go  to  the  overlying  Han- 
deilo  flags  of  Abereiddy  Bay.  These  fine  slate-quarries  are  full  of  fossils. 
Trilobites  of  well-known  forms,  familiar  to  us  at  Builth  and  Llandeilo,  crowd 
the  slaty  bands,  and  Graptolites  in  myriads,  principally  the  species  called 
the  tuning-fork  graptolite  (Didym.  Murchisonce).  The  chief  Trilobite  is  Ogygia 
Buchii ;  but  there  are  many  other  Builth  species,  and  some  very  rare  ones, 
Barrandia  Cordai,  for  instance.  A  few  words  on  the  faults  of  the  district, 
which  are  literally  innumerable. 

E.  and  W.  faults,  sometimes  of  large  amount,  but  not  much  indicated  on 
the  surface. 

N.N.  W.  ones,  more  conspicuous  as  lines  of  valley  and  marsh ;  often  shift- 
ing the  strata  much,  and  giving  outline  to  the  coast. 

N.E.  faults,  frequent,  but  not  of  very  large  amount;  have  not  been  well 
observed. 

N.  and  8.  faults,  believed  to  be  the  latest,  and  they  give  much  impress  to 
the  features  of  the  district,  forming  short  valleys,  and  shifting  the  strata,  but 
less  than  the  others. 

Summary  of  the  facts  stated. 

1.  We  have  two  axes  of  elevation  in  the  promontory,  viz.  the  granite  of 
Brawdy  and  Asheston  on  the  south-east,  and  the  so-called  St.  David's  syenite 
in  the  centre.     The  latter  is  chiefly  altered  rock. 

2.  Between  these  two  axes,  and  on  either  side  of  them,  the  purple  and 
grey  Cambrian  rock  forms  a  steep  trough,  supporting  black  shales  of  the 
Menevian  group,  followed  by  Lingula-flag  and  Tremadoc  rock,  and  on  the 
north  aide  of  the  coast  Arenig  or  Skiddaw  rocks  covered  by  Llandeilo  flag. 
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3.  The  conditions  of  deposit  seem  to  be,  that  the  Harlech  group  wu 
nearly  uniform  with  that  of  North  Wales,  but,  being  of  finer  grain,  indicate 
a  somewhat  deeper- water  deposit.  The  Menevian,  Lingvla-flagt  and  Tivma- 
doc  rocks  are  all  much  thinner,  and,  as  a  rule,  of  more  even  deposit,  than  ia 
North  Wales.  They,  too,  seem  to  have  been  formed  far  out  at  sea,  bat  pro- 
bably in  no  great  depth  of  water. 

The  depression  in  the  Arenig  and  LLandeilo  groups  seems  to  have  been 
greater,  and  particularly  in  contrast  with  the  conditions  of  deposit  in  North 
Wales  and  Shropshire,  where  shore  accumulations  were  being  everywhere 
laid  down.  But  in  this  respect  they  are  more  like  the  Skiddaw  slates,  some 
of  whose  fossils  they  include ;  and  the  presence  of  repeated  beds  of  lava,  a&h, 
and  ashy  slate  lends  no  countenance  to  the  idea  that  these  beds  were  subject 
to  the  oscillations  of  a  shallow  sea ;  for  the  deposits  are  remarkably  tranquil, 
fine-grained,  and  regular.  Beds  of  fossils  occur  at  intervals  only  in  the 
Arenig  and  Llandeilo  rocks,  and  are  then  plentiful,  as  in  other  deep-sea  de- 
posits. But  the  Tremadoc  rocks,  being  apparently  laid  down  on  a  stationary 
sea-bed,  present  us  with  conditions  wholly  unlike  those  of  the  same  period 
in  North  Wales,  and,  perhaps  as  a  consequence  of  this,  with  a  very  flfflkrert 
set  of  organic  remains. 

The  Harlech,  Menevian,  and  Ffestiniog  group  have  each  large  and  well 
stratified  beds  of  true  contemporaneous  volcanic  rock,  as  well  as  many  in- 

I***™*-  J.  W.  SALTER. 
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Report  on  Dredging  among  the  Hebrides. 
By  J.  Gwyn  Jeffreys,  F.R.S. 

This  exploration  lasted  nearly  two  months,  viz.  from  the  24th  of  May  to  iht 
14th  of  July  in  the  present  year.  It  comprised  Sleat  Sound,  Lochs  Akh, 
Duioh,  Slapin,  and  Scavaig,  and  the  Minch  from  Croulin  Island  to  Loch  Ewe. 
I  had  a  good  cutter  yacht,  the  master  of  which  had  been  employed  by  me  for 
many  years  as  dredger  and  took  considerable  interest  in  the  work,  an  active 
and  willing  crew,  four  serviceable  dredges,  300  fathoms  of  new  rope,  ma- 
chinery for  hauling  up  the  dredges,  a  large  tub,  sieves,  and  various  other 
apparatus.  The  Hydrographer  of  the  Navy  obligingly  supplied  me  with  saeh 
charts  as  I  required,  to  show  the  depths  and  nature  of  the  sea-bottom  in  the 
district  which  I  proposed  to  examine ;  and  these  were  of  great  use  in  dredging, 
as  well  as  for  navigation.  The  weather  was  too  fine ;  we  were  often  becalmed 
for  many  hours  together :  and  instead  of  steady  breezes,  we  had  too  many  of 
those  squalls  which  are  so  prevalent,  and  occasionally  dangerous,  in  the  He- 
brides. 

The  Hebridean  seas  have  been  often  searched,  but  not  explored,  by  zoolo- 
gists.    Their  great  extent,  and  the  number  of  lochs  and  inlets  which  indent 
the  coast  in  every  direction,  would  render  necessary  an  immense  deal  of 
money,  time,  and  patience  for  a  complete  investigation.     There  is  little  pro- 
-  bability  that  the  subject  of  the  present  Report  will  ever  be  exhausted. 

The  Invertebrate  fauna  of  this  district  is  of  a  northern  character,  although 
there  are  a  few  exceptions.  Such  are,  among  the  Mollusoa,  Trochus  umbili- 
calu8,  PhasianeUa  putta,  Mmoa  cancdlata  or  crenulata,  Odostimia  laetea  or 
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Chemnitzia  elegantissima,  and  Pleurobranchus  plumula.    These  may  be  re- 
garded as  southern  forms.     The  first  and  third  occur  as  far  north  as  Storno- 
way ;  the  second  ranges  to  Dunnet  Bay  in  Caithness ;  of  the  fourth  I  dredged 
a  single  specimen  in  the  upper  part  of  the  Minch ;  and  the  last  lives  between 
tide-marks  in  the  Isle  of  Mull.     As  a  set-off  to  the  above,  I  would  mention 
the  following  species,  which  have  now  for  the  first  time  been  found  so  far 
south  as  the  Hebrides,  viz.  Montacuta  tumidula  (a  new  species,  which  I 
Trill  presently  describe),  Trochus  occidentalis,  var.  pura,  Jeffrey sia  globularis, 
and  Odostomia  eximia.     The  first  is  Swedish  ;  the  second  is  Zetlandic,  Scan- 
dinavian, and  North  American,  although  it  has  also  been  procured  in  the 
Orkneys  and  on  the  Aberdeenshire  coast ;  the  third  is  Zetlandic,  and  the 
fourth  Zetlandic  also  and  Norwegian.     It  must  be  borne  in  mind,  as  regards 
the  extent  of  geographical  distribution,  that  the  southern  extremity  of  the 
Shetland  Isles  is  distant  about  200  miles  from  the  northern  extremity  of  the 
Hebrides,  "  as  the  fish  swims."     Besides  the  four  last-named-  species,  the 
Mowing  seem  to  reach  their  most  southern  limit  in  the  Hebrides : — Lima 
elliptka,  Leda  pygmcea,  and  Trochus  Ghrosnlandicus.      Leda  pygmasa  has 
indeed  been  dredged  on  the  coast  of  Antrim ;  but  I  am  now  inclined  to  re- 
gard the  specimens  thus  obtained  as  quaternary  fossils.     Tethea  cranium  (a 
sponge  not  before  known  south  of  Shetland)  occurred  in  tolerable  numbers 
on  the  Boss-shire  side  of  the  Minch.     Species  of  Mollusca,  inhabiting  the 
Hebridean  seas,  which  are  in  the  main  northern  (although  they  have  been 
found  somewhat  further  south,  and  some  of  them  occasionally  even  in  the 
Mediterranean),  are — Argiope  cistellula,  Pecten  striatus,  Mytilus  phaseolinus, 
Modiolaria  nigra,  Crendla  decussata,  Nucula  tenuis,  Leda  minuia,  Area  pec- 
iunadoides,  Montacuta  fcrruginosa,  Oyamium  minutum,  Cardium  minimum, 
Cyprina  Islandica,  Astarte  compressa,  TeUina  pusilla,  Scrobicularia  nitida, 
Thraeia  convexa,  Mya  arenaria,  M.  truncata,  Chiton  Hanleyi,  C.  albus,  C. 
ruber,  C.  marmoreus,  Tectum  testudinalis,  T.  fulva,  PropiUdium  ancyloides, 
PunctureUa  Noachina,   Emarginula    crassa,   Scissurella    crispata,    Trochus 
hdicinus,  Lacuna  divaricata,  L.puteolus,  L.pallidula,  Bissoa  albella,  Jeffrey  sia 
diaphana,  J.  opalina9  Odostomia  minima,  0.  albella,  0,  insculpta,  0.  diaphana, 
Vtlutina  plicatilis,  V.  Ictuigata,  Trichotropis  bor  talis.  Purpura  lapiUus,  Buc- 
tinum  undatum,  Trophon  Barvkensis,  T.  truncatus  or  Banffius,  Fusus  anti- 
qw,  F.  gracilis,  Nassa  incrassata,  Mangelia  turricula,  Defrancia  scabra, 
CijUthna  nitidula,  Amphisphyra  hyalina,  Philine  scabra,  P.  pruinosa,  and  P. 
<pudrata. 

^  For  certain  species,  which  are  almost  peculiar  to  the  Hebrides,  I  am  not 
aware  that  any  locality  has  been  recorded  between  that  district  and  the 
Mediterranean.  Such  are  Axinus  ferruginosus,  Poromya  granulata,  Necera 
dfowiata,  N.  ccsteUata,  and  Cylichna  acuminata.  The  first  three  of  these 
▼ere  described  by  the  late  Professor  Edward  Forbes,  in  the  Report  to  the 
Association  in  1843  on  jEgean  Invertebrata.  Another  Hebridean  species 
(Nucuk  sulcata)  is  not  found  southwards  nearer  than  the  coast  of  Spain. 

Some  of  our  most  conspicuous  and  prized  shells,  that  are  also  of  a 
northern  type,  are  wanting  in  the  Hebrides.  Saxioava  Norvegica,  Natica 
Gwxkmdica,  Buccinum  Humphreysianum,  Buccinopsis  Dalei,  Fusus  Norve- 
!/ic«i,  F.  Turtoni,  and  F,  Berniciensis,  are  in  this  category.  All  the  above 
(with  the  exception  of  Buccinum  Humphreysianum,  which  inhabits  Shetland 
and  the  coasts  of  county  Cork)  are  met  with  on  the  Dogger  bank ;  and  the 
fot  two  are  fossil  in  the  Clyde  beds.  Six  out  of  the  seven  being  univalves, 
I  would  venture  to  surmise  that  their  non-existence  in  the  western  seas  of 
.  may  have  arisen  from  the  circumstance  that  the  diffusion  of  uni- 
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valves  is  slower  than  that  of  bivalves.  The  spawn  of  the  former  is  attached 
to  the  spot  where  it  is  shed,  or  in  a  few  cases  (e.  g.  Capuhis  and  Ce&yptrsc) 
it  is  hatched  within  the  shell  of  its  sedentary  parent ;  so  that  the  fry  form 
a  colony,  and  need  not  roam  to  any  distance,  provided  their  station  yields  a 
sufficient  supply  of  food  and  has  the  other  requisites  of  habitability.  Not  & 
with  bivalves.  These  shed  their  ova  into  the  water,  or  else  (as  in  some  of  the 
Kellia  family)  hatch  them  within  the  folds  of  the  mantle,  whence  they  are  ex- 
cluded on  arriving  at  maturity.  Their  fry  swim  freely  and  rapidly  by  means  of 
numerous  encircling  cilia.  The  metamorphic  state  lasts  many  hours.  During 
that  period  they  can  voluntarily  traverse  considerable  distances,  or  they  may 
be  involuntarily  transported  by  tidal  and  oceanic  currents.  Time  is  the  onlj 
element  necessary  for  their  widest  dispersion  over  the  adjacent  seas,  if  no  bar- 
rier intervenes.  Should,  however,  such  an  obstacle  present  itself,  whether  m 
the  shape  of  previously  existing  dry  land,  like  that  which  separates  the  Norts 
Sea  from  the  Atlantic,  or  from  an  upheaval  and  drying-up  of  the  neighbour- 
ing sea-bed  by  geological  or  cosmical  causes,  the  further  diffusion  of  anj 
marine  animals  in  that  direction  must  necessarily  be  stopped.  An  opposite 
result  would  doubtless  be  produced  by  a  sinking  and  submersion  of  dry  lane 
below  the  level  of  the  sea,  whereby  the  diffusion  of  such  animals  would  te 
greatly  facilitated.  This  appears  to  have  been  the  fluctuating  course  of 
events  since  the  formation  of  the  Coralline  Crag,  which  was  probably  the  cradle 
or  starting-point  of  our  molluscan  fauna — a  period  long  antecedent  to  the 
last  glacial  epoch,  and  incalculably  far  beyond  the  advent  of  man,  unless  his 
origin  is  much  more  remote  than  it  is  at  present  supposed  to  be.  I  am  S'<t 
inclined  to  attribute  the  northern  character  of  some  of  the  Hebridean  molluscs 
to  the  persistence  of  what  have  been  called  "  boreal  outliers."  The  ides 
savours  more  of  poetry  than  of  philosophy  or  fact.  The  boreal  or  trul/ 
arctic  species  which  once  flourished  in  this  district  have  become  quite  ex- 
tinct, probably  in  consequence  of  one  of  those  revolutions  above  suggested,  l>j 
which  the  sea-bed  was  converted  into  dry  land.  These  boreal  species  consist 
chiefly  of  Rhynchonella  psittacea,  Pecten  Islandicus,  Astarte  crebricostata  or 
depressa,  TeUina  calearia,  Mya  truncata,  var.  UddevaUcnsis,  Trochus  cinema, 
and  Astyris  Holh'ollii ;  and  I  have  lately,  as  well  as  on  a  former  occasion, 
dredged  them  on  the  coasts  of  Skye  and  West  Boss,  at  depths  of  from  30  t« 
60  fathoms,  or  180-360  feet.  They  had  a  scmifossilized  appearance.  Not 
one  of  the  above-named  species  has  ever,  to  the  best  of  my  knowledge  and 
belief,  been  found  in  a  living  or  recent  state  in  any  part  of  the  British  seas. 
All  of  them  occur  in  post-tertiary  or  quaternary  deposits  on  the  west  coast  c: 
Scotland, from  a  few  feet  above  high-water  mark*  to  320  feet  above  the  present 
level  of  the  seat-  The  greatest  subaerial  height  (320  feet),  being  added  U 
the  greatest  submarine  depth  as  above  (360  feet),  gives  an  extent  of  elevation 
and  subsidence  equal  to  680  feet.  But  as  Pecten  Isfandicus,  for  example, 
now  inhabits  the  arctic  ocean  at  depths  varying  from  5  to  150  fathoms,  let 
us  take  the  average  of  these  depths,  viz.  77£  fathoms  or  465  feet,  and  add 
it  to  the  680  feet.  This  would  make  1145  feet,  and  probably  represent 
the  height  at  which  the  sea-level  may  be  supposed  to  have  stood  when  P. 
Islandicus  lived  on  the  highest  fossiliferous  spot  noticed  by  Mr.  Watson. 
The  non-fosBiliferous  boulder-clay,  indicating  the  simultaneous  presence  of 
arctic  land  which  was  also  subject  to  glacial  conditions,  is  stated  by  Mr. 

*  British  Association  Report,  1862,  Trans.  Sect.  p.  73 :  Jeffreys  "  On  an  Ancient  Sea- 
bed  and  Beach  near  Fort  William,  Inverness-shire." 

t  Transactions  of  the  Royal  Society  of  Edinburgh,  1864,  p,  526:  Rev.R.  B.  Watson, 
"  On  the  $reat  Drift-beds  with  Shells  m  the  South  of  Arran." 
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Watson*  to  be  about  800  feet  higher  than  the  mean  deposit.     The  height  of 
the  layer  of  sea-shells  on  Moel  Tryfaen  in  Carnarvonshire  (evidently  the 
remains  of  an  ancient  beach)  exceeds  that  of  the  similar  deposit  at  Cardigan 
by  more  than  1300  feet ;  and  the  difference  of  height  observed  in  the  case  of 
other  fossfliferous  deposits  in  the  north  of  England  (<?.  g.  Manchester  and 
Kdsey  Hill)  shows  that  the  disturbing  movement  has  been  unequal,  and  pro- 
bably not  synchronous,  over  the  same  area.    It  would  seem  that  the  extent  of 
each  oscillation  has  not  altogether  amounted  to  2000  feet  in  the  British  Isles, 
taking  Moel  Tryfaen  as  the  greatest  height,  and  the  Shetland  sea-bed  as  the 
greatest  depth,  at  which  quaternary  shells  of  recent  species  occur.     The 
Scotch  and  Irish  deposits,  however,  are  on  the  whole  far  more  ancient  than 
those  of  Wales  and  England,  judging  from  their  geographical  nature ;  the 
farmer  are  chiefly  arctic,  and  the  latter  merely  northern.     Whether  other 
parts  of  the  North  Atlantic  sea-bed  have  undergone  a  much  greater  change 
of  level  since  the  tertiary  epoch  is  not  so  well  established.      Dr.  G.  C. 
Wallich,  in  his  admirable  and  philosophical  treatise  t,  with  which  all  marine 
zoologists  and  geologists  are,  or  ought  to  be,  familiar,  believed  that  certain 
starfishes  which  he  had  procured  at  a  depth  of  1260  fathoms  (7560  feet)  in 
lat  59°  27  N.,  long.  26°  41'  W.,  about  halfway  between  Cape  Farewell  and 
the  north-west  coast  of  Ireland,  were  originally  a  shallow-water  species,  but 
had  gradually,  and  through  a  long  course  of  generations,  accommodated  them- 
selves to  the  abnormal  conditions  incident  on  the  subsidence  of  the  sea-bed  J. 
The  starfishes  in  question,  which  he  refers  to  the  Ophiocoma  granulate  of 
Forbes  (Astoria*  nigra  of  O.  P.  Miiller),  appear,  however,  to  belong  to  a  diffe- 
rent species,  which  inhabits  deep  water.     In  an  important  paper  by  Professor 
Ssrs,  on  the  distribution  of  animal  life  in  the  depths  of  the  sea§,  he  states 
that  Ophiocoma  nigra  (O.  granulate,  Porbes)  is  certainly  found  in  shallow 
rater,  viz.  from  2  to  30  fathoms,  on  the  coast  of  Norway,  but  never  at  a 
greater  depth  so  far  as  is  yet  known,  and  that  it  does  not  range  north  of  the 
firth  of  Drontheim.    He  is  of  opinion  that  Dr.  Wallich's  species  is  Ophiacaniha 
yrinubsa  of  Miiller  and  Troschel,  a  well-known  and  Groenlandic  species, 
which  is  not  littoral,  but  rather  a  deep-water  kind,  viz.  from  20  to  190 
fathoms ;  and  he  infers  from  Wallich's  own  account  that  the  last-named 
species,  instead  of  Ophiocoma  nigra  or  granulate,  was  the  one  taken  by  the 
'  Bulldog  '-sounding  in  1260f  athoms.   Dr.  Wallich  also  adduces  his  discovery, 
at  a  depth  of  682  fathoms  (4092  feet),  in  lat.  63°  31'  K,  long.  13°  41'  W.,  of 
two  testaceous  Annelids,  which  he  assumed  to  belong  to  "  known  shallow- 
water  forms,"  as  further  evidence  of  an  extensive  submergence  of  the  North 
Atlantic  sea-bed.     These  Annelids  were  named  by  him  Serpula  vitrea  and 
Spiroroii  nautUoidek.     But  Professor  Sara  disputes  their  being  shallow- water 
species.     The  former  he  identifies  with  his  Serpula  polite  (=Placostegus 
tridentates,  Pabricius) ;   the  latter  is  referred  by  Morch  ||  to  the  Serpula 
fpirorJns  of  Linne\     The  one  is  regarded  by  Bars  as  a  deep-water  and  not 
littoral  species,  being  found  on  the  Norwegian  coast  in  20-300  fathoms ;  the 
other  has  a  wide  bathymetrical  range,  from  low-water  mark  to  300  fathoms. 
I  suspect,  moreover,  that  there  has  been  some  mistake  in  the  determination 
of  the  Sprorbis,  and  that  it  belongs  to  another  species  than  that  to  which 
Wallich  has  assigned  it.     As  to  the  accuracy  of  his  statement  that  he  pro- 

*£*.«*.  p.  624. 

t  The  North  Atlantic  Sea-bed,  1862. 

I  Vid-Selik.  Forhandl.  1864 :  Hr.  Saw,  "  Bemarkninger  over  dot  dyrwke  Iatb  Udbred- 
^ngiHanUDjbder." 
8  Kiforhist  Tidatkr.  1863 :  "  Revirio  critioa  Serpulidarum." 
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cured  living  starfishes  from  a  depth  of  1260  fathoms,  under  the  circumstance* 
which  he  has  described  (via.  "  convulsively  embracing  a  portion  of  the 
sounding-line,  which  had  been  paid  out  in  excess  of  the  already  ascertain*] 
depth,  and  rested  for  a  sufficient  period  at  the  bottom  to  permit  of  their 
attaching  themselves  to  it"),  no  reasonable  doubt  can  be  entertained.  I  have 
myself  seen  a  number  of  Antedon  (or  Comctftda)  eeUicus  clinging  to  the  rope 
several  feet  from  the  dredge  when  it  was  taken  up  from  about  00  fathoms. 
These  starfishes  must  have  crawled  up  the  rope  while  the  dredge  was  is 
motion  or  being  hauled  in,  because  no  part  of  the  rope  had  lain  on  the  ground. 
Dr.  Carpenter  tells  me  that  Antedon  rosaceus  has  the  same  habit  of  crawhnsr 
up  and  clasping  a  rope  in  shallow  water. 

The  greatest  depth  marked  on  the  Admiralty  charts  in  any  part  of  thr 
Hebridean  sea-bed  which  1  examined  is  132  fathoms.  Here  I  got  several 
kinds  of  living  Foraminifera.  Nineteen  years  ago  I  dredged  near  the  saint 
ground,  in  116  fathoms,  a  fine  cluster  of  one  of  the  compound  Tunicata. 
Diazona  Hebridica,  of  a  greenish-pink  colour.  I  do  not  mention  this  as  a 
great  or  even  considerable  depth.  Sara*  and  Korenf  have  done  much  more 
on  the  coasts  of  Norway ;  their  dredging-explorations  extended  to  300 
fathoms.  In  the  paper  from  which  I  have  extracted  the  above  remarks  as 
to  the  distribution  of  animal  life  in  the  depths  of  the  sea,  Professor  Sars  has 
enumerated  no  less  than  52  species  and  distinct  varieties  of  animals  found  by 
him  at  the  depth  of  300  fathoms.  They  may  be  thus  classified : — Porifen 
(Sponges)  2 ;  Rhizopoda  (Foraminifera)  19 ;  Polypi  (Actinozoa)  7  ;  Mollusca 
(Polyzoa  8,  Tunicata  1,  Mollusca  proper  10)  19 ;  and  Vermes  (Annelida)  5. 
He  has  also  specified  several  Echinoderms,  Cirripeds,  and  Crustacea  as  in* 
habiting  somewhat  less  depths,  viz.  from  200  to  250  fathoms.  The  obser- 
vations of  the  learned  Norwegian  zoologist  confirm  those  of  Sir  James  Boss 
and  Dr.  Wallich,  namely : — 

1st.  That  the  temperature  of  the  sea  is  uniform  (39°-5  Fahr.)  over  the 
whole  globe,  below  a  certain  line  which  forms  an  isothermal  curve,  with  but 
slight  oscillations  caused  by  changes  of  the  atmosphere.  This  curve  has  its 
greatest  depth  at  the  Equator,  but  reaches  the  surface  of  the  ocean  in  1st 
56°  62',  and  dips  again  as  it  approaches  the  pole  from  this  point. 

2nd.  Although  the  pressure  of  the  water  is  enormous  at  great  depths,  and 
in  300  fathoms  is  equal  to  about  56  atmospheres  or  840  lbs.  on  the  square 
inch  J,  yet  the  most  brittle  and  delicate  animals  (such  as  Polyzoa  and  Polyps) 
inhabiting  such  depths  do  not  appear  to  suffer  the  slightest  injury.  Their 
structure  is  porous  and  permeable  by  liquids,  or  accessible  to  an  endosmotic 
influence  by  which  the  pressure  is  easily  resisted. 

3rd.  The  want  of  light  has  always  been  considered  an  obstacle  to  the  exist- 
ence of  animal  life  at  great  depths — not  so  much  because  light  is  directly 
essential  to  animal  life,  as  on  account  of  its  indirectly  contributing  to  iH 
maintenance.  It  is  generally  supposed  that  animals  are  dependent  on  vege- 
table life.  This  latter  (as  is  well  known)  cannot  exist  without  light,  under 
the  influence  of  which  the  absorption  of  carbonic  acid  and  the  evolution  of 
oxygen  are  effected.  light,  however,  exerts  no  such  influence  on  animal  life. 
Sea-weeds  (the  true  Algae)  disappear  in  about  200  fathoms ;  and  the  only 
vegetable  organisms  which  descend  to  a  greater  depth,  say  400  fathoms,  ore 
Diatomaceae.  It  may  be  observed,  with  respect  to  the  action  of  light  in 
producing  colour  in  animals,  that  although  intensity  of  light  may  produce 

«  Roue  i  Lofoten  og  Finmarken,  1849.  t  Nyt  Mag.  Natorw.  1856. 

|  The  None  ska&lpund  is  10  per  cent,  more  than  the  English  lb.  avoirdupois.  &rt*» 
Norwegian  square  inches  are  equal  to  seventeen  English  square  inches. 
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a  corresponding  intensity  of  colour  under  ordinary  circumstances, 'yet  the 
diminution  or  absenoe  of  light  in  the  sea  is  not  necessarily  followed  by  a 
diminution  or  absence  of  colour  in  marine  animals.     Those  taken  from  con- 
siderable depths  have  frequently  vivid  colours.    The  animal  of  Lima  excavate 
(a  comparatively  gigantic  species),  from  300  fathoms,  is  of  the  same  bright 
red  colour  as  those  of  L.  Loscombii  and  L.  hums  from  shallow  water.     It  has 
been  shown  that  violet  and  blue  rays  of  light  (and  probably  actinic  rays) 
penetrate  deepest  in  water.     I  will  not  here  repeat  what  I  have  already 
published*  on  this  interesting  subject;  but  I  may  add  that  all  the  animals 
recorded  as  living  at  great  depths  are  soophagous,  none  of  them  phyto- 
phagous.     The  deep-sea  dredgings  of  the  Swedish  Expedition  to  Spits- 
bergen in  1861  yielded  some  valuable  results.     Adjunct-Professor  Torell 
and  Professor  Keferstein  communicated  some  short  and  imperfect  notices  to 
the  northern  journals ;  but  Professor  Loven  has  lately  given  us  fuller  infor- 
mation, which  is  published  in  the  Transactions  of  Scandinavian  Naturalists 
at  their  ninth  meeting  held  in  1863  f.     A  Brooke's  lead  and  a  *  Bulldog ' 
machine,  with  several  improvements,  were  used  on  this  occasion.    Depths 
from  6000  to  8400  feet  (1000-1400  fathoms*)  were  thus  explored.     The 
sea-bottom  at  these  depths  was  covered  with  a  fine  greasy-feeling  material 
of  a  yellow-brownish  or  grey  colour,  rich  in  Diatomacea3§  and  Polythalamia, 
and  nearly  devoid  of  sand.     Professor  Loven  was  furnished  with  the  notes  of 
Messrs.  Chydenius  and  Malmgren,  made  during  the  expedition,  and  with  all 
the  animals  discovered  in  those  great  depths.     The  latter  comprised : — Anne- 
lida, viz.  species  of  Spiochmtopterus  and  Cirratulus ;  Crustacea,  viz.  a  Cuma 
which  appeared  to  be  identical  with  C.  rubicunda,  Lilljeborg,  and  an  Apseudes ; 
Mollusca,  viz.  a  Cylichna  ;  Gephyrea,  viz.  a  fragment  of  Myriotrochus  BtTiki, 
Steenstrup,  and  another  allied  form  with  large  and  fewer  star-wheels,  and  of 
smaller  wheels  of  the  Myriotrochus-type ;  a  species  of  Sipuneulus  resembling 
S.  margaritaceus,  Sars ;  and,  lastly,  a  sponge,  in  whioh  were  found  a  Cope- 
pod  or  OBtracod,  and  a  fragment  of  a  Cuma  resembling  C.  nasica.    In  the 
opinion  of  Loven  these  animals  indicate,  so  far  as  can  be  judged  by  so  small 
a  number,  that  in  the  abysses  of  the  glacial  seas  there  lives  a  fauna  whioh 
does  not  greatly  differ  from  that  which  lives  on  the  same  kind  of  bottom  at 
much  less  depths.   Proceeding  upwards  to  the  surface,  from  50  or  60  fathoms 
the  regions  or  zones  have  a  greater  variety  of  animals,  even  over  the  same  kind 
of  bottom.     Taking  this  into  consideration,  and  also  recollecting  that  in  the 
Antarctic  seas,  at  measurable  depths,  there  are  forms  of  Mollusca  and  Crus- 
tacea which  exhibit  partly  generic,  partly  almost  specific  identity  with  north- 
ern and  hyperborean  forms,  the  idea  occurs  to  him  that,  in  depths  of  60-80 
fathoms  and  thence  down  to  the  greatest  from  which  we  hitherto  know  any 
animal  life,  at  least  wherever  the  bottom  is  covered  with  a  soft  and  fine  mud 
or  clay,  there  exists  from  pole  to  pole,  in  all  latitudes,  a  deep-sea  fauna  of  the 
same  general  character,  many  species  of  which  have  a  very  wide  distribution. 
He  also  thinks  it  probable  that  in  the  vicinity  of  both  poles  such  a  uniform 
fauna  approaches  the  surface ;  while  in  tropical  seas  it  occupies  the  depths 
of  the  ocean,  the  coast  line  there  being  represented  by  vast  regions  of  distinct 
faunas,  the  circumferences  or  areas  of  which  are  much  more  limited.    The 

*  British  Gonchology,  vol.  i.,  Intr.  pp.  xltiii-1,  and  vol.  ii.  Intr.  pp.  viii-xi. 

t  Stockholm,  1865?p.  384.  PP 

I  The  Swedish  foot  makes  only  0-974  English  foot    The  Scandinavian  fathom  is  6  feet. 

I  This  does  not  quite  agree  with  the  accounts  of  Wallich  and  Sara,  which  give  400 
™thomi  as  the  limit  of  vegetable  life ;  but  it  does  not  Appear  that  the  DiatomacesB  ob- 
cerod  by  Loven  had  actually  lited  on  the  sea-bottom.  They  might  have  been  pelagic 
and  floating  kinds. 
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sea-bottom,  at  considerable  depths,  differs  in  its  composition.  Professor  Sara 
noticed  that  large  Brachiopoda,  stony  corals,  and  Polyzoa,  as  well  as  certain 
Mollusca  (e.  g.  Anomia  and  Saxicava),  which  afe  peculiar  to  a  hard  or  even 
to  a  rocky  bottom,  inhabit  a  depth  of  300  fathoms  ;  and  Dr.  Wallich  found 
a  living  Serpida  attached  to  a  stone  at  the  depth  of  682  fathoms.  Captain 
Beechey's  dredgings  off  the  Mull  of  Galloway,  in  145  fathoms  (as  reported 
by  the  late  Mr.  Thompson  of  Belfast  in  the  Annals  and  Magazine  of 
Natural  History  for  September  1842,  p.  21),  yielded  live  specimens  of  Chiton 
fascicularis,  O.  cinereus,  Trochus  miUegranus,  and  Trophon  Barvicen&is,  all  o£ 
which  are  inhabitants  of  hard  or  stony,  and  never  of  soft  ground,  besides  dead 
shells  of  the  same  and  similar  species.  The  Hebridean  sea-bed,  at  very 
moderate  depths  (which  Dr.  Wallich  would  call  "  shallow  water  "),  mainly 
consists  of  a  soft  and  more  or  less  tenacious  mud,  mixed  with  stones  of  dif- 
ferent sizes,  and  resembling  in  its  composition  the  boulder-clay  or  glacial 
drift  of  Scotch  geologists.  It  tells  us  of  rocks  ground  down  by  glaciers  year 
after  year  in  an  arctic  region — of  the  mud  produced  by  such  attrition  being 
carried  into  the  sea  in  the  thawing-season  by  overwhelming  floods,  "  nan  sine 
montium  clamore  "  (see  Dr.  Kane's  description  of  the  great  Humboldt  gla- 
cier)—of  its  dispersion  over  the  sea-bed  by  the  action  of  tides  and  currents — 
of  the  deposit  thus  formed  being  inhabited  by  a  variety  of  animals  of  a  high 
northern  type  during  a  long  and  quiet  course  of  time — of  the  sea-bed  being 
elevated  by  alow  degrees  above  the  surface  of  the  water  by  an  agency  which 
we  cannot  satisfactorily  explain,  but  which  may  have  been  volcanic  or  perhaps 
caused  by  steam  * — of  the  consequent  extermination  of  these  marine  jmimftl* 
— of  an  interval  during  which  the  raised  sea-bed  was  dry  land — of  a  gradual 
amelioration  of  the  climate — of  another  oscillation  of  the  earth's  crust  in 
a  downward  direction,  when  the  surface  of  the  land,  covered  by  its  former 
deposit,  again  became  the  bottom  of  the  sea — and  of  a  fresh  succession  of  life, 
which  is  still  in  existence.  Thus  a  cycle  of  similar  events  continually  recurs. 
Nothing  is  lost  or  altogether  perishes ;  all  the  old  materials  are  used  up,  and 
assume  new  forms.  It  is  the  fashion  to  quote  Lucretius.  1  will  only  indulge 
in  two  lines ;  they  seem  not  to  be  inapplicable  to  the  present  subject : — 

"  Hue  aooedit  uti  quicque  in  sua  corpora  rursum 
Dissoluat  natura  neque  ad  nilum  interemat  res." 

The  kind  assistance  of  Mr.  Alder,  Dr.  Carpenter,  the  Rev.  A.  M.  Norman, 
Messrs.  Henry  and  George  Brady,  Dr.  M'lntosh,  and  Mr.  Peaoh — all  of  them 
experienced  zoologists — enables  me  to  supplement  this  report  with  notices  of 
other  departments  of  the  invertebrate  fauna,  which  have  resulted  from  the 
last  grant  made  to  me.  Several  new  species,  especially  among  the  smaller 
Crustacea,  have  occurred ;  and  our  knowledge  of  geographical  distribution  has 
been  not  a  little  advanced  by  the  work.  Mr.  Norman's  services  especially 
deserve  acknowledgment. 

I  have  made  my  usual  contribution  to  the  British  Museum. 

Description  of  a  new  species  of  Montacuta. 

Montacuta  TUMiDTTLAf,  Jeffreys. 

Shell  rhomboideo-oval,  rather  gibbous,  thin,  semitransparent,  glossy,  and 
prismatic :  sculpture,  numerous  and  close-sot,  delicate,  microscopical  con- 
centric strice :  colour  yellowish :  epidermis  fine  and  silky :  margins,  on  the 

*  Vide  Mr.  R.  A.  Peacock's  pamphlet  '  On  Steam  as  the  Motive  Power  in  Earthquake! 
and  Volcanoes,  and  on  Cavities  in  the  Earth's  Crust.1    Jersey,  1866. 
t  Somewhat  swollen. 
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posterior  side  extremely  short  and  sloping  downwards,  with! 
angularity  which  characterizes  M.  bidentata ;  in  front  gently 

anterior  side  considerably  expanding  and  rounded ;  on  the  bac£ 

wards  the  anterior  end:  beaks  small,  calyciform,  blunt  and  prominent, 
incurred,  but  not  having  any  indentation  below  them ;  they  are  placed 
close  to  the  posterior  side,  which  is  the  shortest  and  not  one-sixth  the  size  of 
Hie  anterior  side :  hinge-line  rectangular,  occupying  about  one-  third  of  the 
cireainference :  cartilage  as  in  M .  bidentata :  hinge-plate  narrow  and  strong, 
thicker  in  the  middle,  not  excavated  so  deeply  as  in  the  last-named  species, 
and  scarcely  at  all  in  the  right  valve :  teeth,  in  the  right  valve  short,  trian- 
gular, slightly  inclining  inwards,  not  widely  separated ;  in  the  left  valvo 
long,  erect,  laminar,  and  parallel  with  the  hinge-line ;  the  anterior  teeth 
are  the  largest  in  both  valves :  inside  iridescent  and  polished,  very  finely 
marked  (more  distinctly  on  the  anterior  side)  with  slight  lines  which  radiate 
from  the  beaks:  scars  irregularly  oblong,  conspicuous.     L.  0*075.     B.  0*1. 
Habitat.  Muddy  ground  in  the  Minch,  off  the  north-west  coast  of  Ross- 
shire,  in  50-60  fathoms.     I  there  found  only  a  single  dead  specimen ;  but 
twenty  years  ago  I  dredged  another  in  Skye,  which  I  deferred  noticing  until 
quite  satisfied  of  its  differing  from  M.  bidentata.     [Since  this  Report  was 
presented,  Mr.  Dawson  has  found  two  more  specimens  in  some  of  the  dredged 
sand  which  I  had  sent  him.]     Among  the  shells  procured  by  Professor 
XJUjeborg  in  Bohuslan,  on  the  south  coast  of  Sweden,  I  observed  two  or  three 
specimens  of  the  present  species,  one  of  which  he  kindly  gave  me. 

This  shell  is  smaller  than  M.  bidentata ;  it  may  also  be  distinguished  from 
that  species  by  its  narrower  shape,  being  convex  instead  of  compressed, 
having  a  glossy  surface,  and  by  the  posterior  side  being  extremely  small,  with 
almost  a  perpendicular  truncation.  That  side  in  M.  bidentata  is  invariably 
squarish,  and  more  or  less  angulated.  The  teeth  in  the  right  valve  of  M. 
twnidula  are  much  smaller,  and  less  widely  separated  by  the  cartilage-pit ; 
they  are  triangular  instead  of  leaf-like,  and  slightly  incline  inwards  instead 
of  being  erect. 

M.  truneata  of  Searles  Wood,  from  the  Coralline  Crag,  is  a  comparatively 
large,  squarish,  and  flattened  shell,  and  has  long  cardinal  teeth. 


Report  of  the  Committee  appointed  for  the  purpose  of  Exploring  the 
Coasts  of  the  Hebrides  by  means  of  the  Dredge.-J-P&rt  II.  On  the 
Crustacea,  Echinodermata,  Polyzoa,  Actinozoa,  and  Hydrozoa. 
By  the  Rev.  Alfred  Merle  Norman,  M.A. 

Mr.  Jeffreys  having,  in  his  Report  upon  the  Mollusca,  already  given  to  the 
Association  an  account  of  the  district  investigated  by  the  Committee,  and  of 
the  scope  of  their  dredging-operations,  it  is  unnecessary  that  I  should  add 
more  on  that  subject ;  and  I  shall  therefore  proceed  at  once  to  lay  before 
yoti  a  brief  summary  of  the  results  of  the  dredging  with  respect  to  the  Crus- 
tacea', Echinodermata,  Polyzoa,  and  Ccelenterata. 

Although  the  Hebridean  seas  had  been  frequently  dredged  by  the  natu- 
ralists who  were  well  acquainted  with  the  Mollusca,  they  had  been  scarcely 
at  all  examined  by  any  one  conversant  with  the  other  branches  of  the  marine 
invertebrate  fauna ;  and  the  result  of  the  recent  investigations  has  thus  been 
most  important.   This  will  be  at  once  evident  when  it  is  stated  that,  in  addi- 

1866.  o 
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tion  to  the  knowledge  which  has  been  gained  in  the  extension  of  the  range 
of  many  rare  and  local  species,  not  less  than  seventy-two  species  are  in  the 
present  Eeport  for  the  first  time  announced  as  members  of  the  British  fanna. 
These  additions  to  our  lists  include  63  species  of  Crustacea  [Macroural, 
Stomapoda  2,  Amphipoda  8,  Isopoda  1,  Cladocera  1,  Ostraeoda  37,  Cope- 
poda  13],  6  of  Polyzoa,  1  of  Actinozoa,  and  2  of  Hydrozoa  *. 

The  Crustacea  obtained  number  two  hundred  and  twelve  species.  Among 
them  were  two  well-known  southern  forms,  Xantho  florida  and  XantMo  n«- 
losa,  which  we  little  expected  to  find  so  far  north ;  the  latter,  however,  has 
been  met  with  by  Prof.  Loven  in  Sweden,  though  neither  had  previously  been 
found  on  any  part  of  the  Scotch  coast  They  occurred  in  company  between 
tidemarks  at  Tobermory,  and  X.  rivulosa  was  also  found  at  Oban.  Another 
southern  species,  Crangon  scidptus,  which  had  not  before  been  found  north  of 
Arran  in  Ireland,' was  dredged  in  the  Minch;  and  with  it  was  associated 
Crangon  serratus,  Norman,  described  by  me  at  the  British  Association  Meet- 
ing in  1861,  from  two  specimens  procured  on  the  Haaf  off  Shetland.  This 
species  had  not  again  been  taken  in  our  seas  until  the  present  time ;  but  h 
has  been  redescribed  by  Professor  Sars,  from  the  Norwegian  coast,  under 
the  name  of  Crangon  echinulatus  f.  An  Hippolyte,  also  dredged  in  the  Mind, 
appears  to  be  an  undeBcribed  species.  It  approaches  to  H.  turgida  of  Kroyer;, 
but  differs  in  many  particulars,  and  especially  in  the  telson,  which  has  no 
less  than  nine  pairs  of  lateral  spines,  and  terminates  in  thirteen  spines,  of 
which  the  nine  central  are  subequal  in  length  and  ciliated  on  both  margins. 
Doryphorus  Qordoni  (Bate),  which  has  hitherto  been  regarded  as  very  rare, 
occurred  in  abundance.  Of  the  Cumacea  there  were  found  two  species, 
recently  added  to  our  fauna,  Diastylis  bispinosa,  Say  (==Z).  bicornis,  Bate), 
and  Endorellu  (Endora)  emarginata,  Kroyer,  together  with  two  new  forma, 
one  a  Diastylis  allied  to  D.  biplicata,  G.  0.  Sars,  the  other  a  new  Iphithte, 
which  has  a  crest  of  from  13  to  20  spines  on  the  dorsal  line  of  the  cara- 
pace. 

Several  Norwegian  Amphipoda,  including  some  genera  of  great  interest, 
were  for  the  first  time  met  with  in  our  seas,  namely,  Ampelisca  cariwata, 
Bruzelius,  A.  macrocephala,  Lilljeborg,  and  A.  tenuicornis,  LHljeborg,  Erkpi* 
elongata,  Bruzelius,  and  Mcera  Loveni,  Bruzelius.  There  were  also  found  an 
undescribed  Anonyx,  and  two  forms  which  it  is  impossible  to  assign  to  any 
genera  which  have  been  hitherto  established ;  for  these  1  propose  the  names 
Euonyx  chelatus  and  Jdicrcprotopus  macula tu$.  The  genus  Euonyx  is  allied 
to  Anonyat,  but  is  distinguished  by  having  the  first  pair  of  gnathopods  fur- 
nished with  distinct  chelse,  and  the  second  pair  more  strongly  formed  than 
the  first,  with  a  well-developed  subchelate  hand.  This  is  a  parasitic  species 
living  on  Echinus  escuhntus.  Microprotopits  is  allied  to  Microdeuterojmt, 
but  has  the  first  gnathopod  feeble,  the  second  largely  developed  in  the  male, 
and  subchelate,  and  the  last  uropods  single-branched. 

Three  parasitic  Isopoda  were  taken — Gyge  Hippolytes9  Kroyer,  Phryxvs 

*  If  to  these  we  add  Montacwta  tumidula,  n.  sp.,  described  in  Mr.  Jeffreys  s  Report,  and 
the  Foraminifera  enumerated  by  Mr.  H.  B.  Brady  as  occurring  for  the  first  time  in  our 
seas,  viz.  Lagena  Jeffreysii,  H.  B.  Brady,  n.  sp.,  JL  Lyellii,  Sequenza,  L.  pulcAeUa,  H.  K 

Brady,  n.  sp.,  L.  graciUima,  Seauenza,  L,  crenata,  Parker  and  Jones,  Pokftrema ,  sa, 

Hauerina  compressa,  D'Orb.,  Trochammina  squamata,  Parker  and  Jones,  T,  gordielis 
Parker  and  Jones,  Valvulina  conica,  D'Orb.,  Cristallaria  cultrata,  Montfort,  and  Mar- 
ginulina  rajphantisf  L.,  we  have  a  sum  total  of  eighty-five  species  added  to  the  British 
Fauna  in  this  expedition. 

t  Sars,  Vid.  Selsk.  Forh.  i.  Christiania,  1861,  p.  186. 

J  Monographisk.  Frems.  Slagtcn  Hippolytea  Nordiske  Arter,  1842,  p.  100. 


ON  HKBRIDEAN  CRUSTACEA,  ECHINODERMATA,  POLYZOA,  ETC.         195 

abdominalis,  Kroyer,  and  Pleurocrypta  Galaihece,  Hesse :  the  first  was  found 
under  the  earapace  of  Doryphorus  Gordoni ;  the  second  under  the  abdomen  of 
Hippolyte  securifrons,  Norman,  and  H.pusiola,  Kroyer ;  and  the  Pleurocrypta 
was  buried  under  the  carapace  of  Galathea  intermedia,  Kroyer  (  =  Q.  dispersa, 
Bate). 

Ostreooda  were  obtained  in  extraordinary  abundance,  and  included  no  less 
than  sixty-five  species.  This  number  will,  perhaps,  be  the  more  appre- 
ciated if  I  refer  to  the  fact  that  the  total  number  of  forms  of  this  order  of 
the  Crustacea  described  in  « Baird's  History  of  British  Entomostraca'  only 
amounts  to  nineteen.  Mr.  G.  8.  Brady,  who  is  engaged  in  preparing  a  mono- 
graph of  these  bivalve  Crustacea,  will  present  a  separate  report  on  the  species 
met  with  ;  but  I  may  here  mention  that  thirty-seven  are  either  wholly  new 
to  science,  or,  what  is  still  more  interesting,  species  previously  known  as 
Tertiary  and  post-Tertiary  Fossils,  and  now  for  the  first  time  met  with  in  a 
recent  state,  or  such  as  have  been  described  by  Norwegian  naturalists  from 
the  Scandinavian  seas. 

1  number  of  Copepoda  recently  described  by  Claus,  were  also  met  with. 
These  include  many  genera  which  were  previously  unrecognized  in  our  fauna : 
— the  genus  Dactyl  opus,  represented  by  tisboides,  Strosmii,  tenuicomis,  cinttiis, 
and  bremeornis  ;  Tkalestris,  embracing  my  sis,  Helgolandica,  harpacticoides, 
and  hngimana  ;  Longipedia  coronata  (a  very  curious  and  interesting  form), 
Eupelte  gracilis,  Cleta  serrata,  and  PorceUidium  fimbriatum  and  dentatum. 
At  Tobermory  was  discovered  Dyspontius  striatus,  Thorell,  a  very  remarkable 
genus  with  an  enormously  developed  proboscis,  which  is  almost  equal  in 
length  to  the  rest  of  the  animal. 

A  small  freshwater  loch  near  Stornoway  contained,  among  other  species, 
Drqniwthrvv  hamata,  G.  0.  Bars,  a  genus  allied  to  Macrothrut,  which  may 
beat  once  distinguished  from  all  allies  by  the  presence  of  a  largely  developed 
spine  in  the  middle  of  the  dorsal  margin  of  the  carapace.  It  is  now  first 
announced  as  British,  but  has  been  previously  taken  by  myself  in  Dardcn 
k*b,  Northumberland,  and  by  Mr.  G.  8.  Brady  in  St.  Mary's  Loch,  Selkirk- 
shire. 

The  Echinoderms  number  thirty-four  species.  In  addition  to  the  common 
Antedon  rosaceus,  Iinck,  Antedon  Celticus  of  Barrett  was  procured  in  deep 
water,  both  in  the  Minch  and  in  Sleat  Sound.  This  very  fine  "species  was 
previously  only  known  to  us  from  the  two  type  specimens  dredged  by  Messrs. 
MacAndrew  and  Barrett  ten  years  ago  in  the  Sound  of  Skye,  and  described 
in  the « Annals  of  Natural  History' *.  It  is  the  largest  member  of  the  genus 
found  in  our  seas,  and  is  distinguished  at  a  glance  from  rosaceus,  Milleri, 
and  Sanii  by  the  great  length  of  the  slender  dorsal  filaments,  and  also  by 
the  vertical  position  which  the  arms  assume.  In  this  peculiarity  it  resembles 
Anfcdon  Bschrichtii,  but  differs  from  the  other  English  species,  in  which  the 
ki?*  are  always  carried  horizontally,  or  nearly  so,  and  are  incapable  of 
teiag  brought  into  contact  with  each  other  throughout  their  entire  length. 
Only  a  few  specimens  were  met  with  in  Sleat  Sound,  and  these  were  as- 
sociated with  A.  rosaceus.  In  the  Minch  A.  Celticus  occurred  gregariously, 
nving  in  about  sixty  fathoms,  in  company  with  another  rare  British  Echino- 
derm,  Hohthuria  intestinal™,  Ascanius.  The  only  previously  known  British 
sample  of  this  species  was  procured  many  years  ago  by  Professor  Forbes 

*  Cmattfa  Woodwardii,  Barrett  (Ann.  Nat.  Hist  2nd  series,  vol.  xix.  p.  33,  pi.  7. 
H- 1),  Cmatula  CeUica,  Barrett  (Ann.  Nat  Hist  2nd  series,  vol.  xx.  p.  44),  Antedon 


CH*%*  NoPn»n  (Ann.  Nat  Hist  3rd  series,  vol.  xv.  p.  lOi). 
t  Twa.  Boy.  Soo.  Edinb.  vol.  xs.  p.  309,  pi.  9.  fig.  1. 
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near  the  same  spot ;  and  as  his  figure  and  desoriptionf  were  scarcely  sufficient 
for  positive  identification,  the  rediscovery  of  tins  Holothurian  is  important. 
As  among  the  rarer  of  the  other  Echinodermata  which  were  obtained  may 
be  mentioned  Psolus  phantapus,  Thyone  fusus,  and  raphanus,  Thyonidiuai 
commune  young  (?),  and  hyalinum,  Cucumaria  lactea,  fusiformis,  and  Hynd- 
manni,  Brissopsis  lyrifera,Asterias  hispida,  Porania  pulvillus,Ofhiura  affinis, 
and  Amphiura  BaUii,  JUiformis,  and  Chiajii. 

The  Folyzoa  include  sixty-six  species.  In  the  Appendix  will  be  found 
descriptions  of  many  new  forms : — a  Scrupocellaria  differing  from  &  seru- 
posa  in  having  larger  cells,  which  do  not  bear  any  spines,  in  Che  propor- 
tionately larger  vibracular  capsules,  and  in  the  form  of  the  mandible  of  the 
avicularium,  which  is  blunter  and  shorter ;  a  Lepralia,  allied  to  the  incrusting 
Lepralia-\ike  state  of  Eschara  Landsborovii ;  another  remarkable  on  ac- 
count of  its  much  elevated  collar-like  peristome ;  a  new  Eschara,  and  an 
Alecto  allied  to  A.  dilatans.  There  is  also  an  undescribed  Aleyoniditan :  but 
the  species  of  this  genus  arc  very  difficult ;  and  not  having  examined  the 
present  form  in  a  living  state,  I  have  not  attempted  to  define  it.  One  or  two 
small  fragments  of  Brettia  pellacida,  Dyster,  give  a  second  locality  for  this 
Folyzoan,  at  a  considerable  distance  from  Tenby,  where  the  type  was  found. 
Several  rare  northern  Polyzoa,  which  had  not  previously  occurred  to  the 
south  of  Shetland,  are  now  traced  southwards  to  tie  Minch — Caberea  EUim, 
Fleming,  Lepralia  polita,  Norman,  Lepralia  laqueata,  Norman,  Idmonea  At- 
lantica,  Forbes,  Homera  borealis,  Busk,  &c. ;  and  on  the  other  hand  wc  were 
greatly  surprised  by  the  well-known  Eschara  foliacea  turning  up  in  tbi* 
northern  locality,  since  it  is  an  essentially  southern  species,  which  has  not 
previously,  I  believe,  been  noticed  to  the  north  of  Cape  Clear. 

Turning  to  the  Actinozoa,  the  neighbourhood  of  Skye  is  the  well-known 
habitat  of  Pavonaria  quadrangularis,  although  the  only  place  which  produced 
it  during  the  recent  dredging  was  Loch  Alsh.  The  rediscovery  of  Bhizoxenia 
agghmerata,  Forbes* — although  v  a  mere  fragment  was  obtained-MS  weD 
worthy  of  special  mention ;  but  perhaps  the  most  interesting  of  all  the  results 
of  the  expedition  is  the  occurrence  of  a  second  species  of  Pennatula  in  our 
seas,  which  will  be  described  by  Mr.  Alder  under  the  name  of  Permatula 
mollis. 

The  Hydrozoa  are  not  numerous,  amounting  to  only  thirty-two  specie*. 
Sertularia  alata,  Hincks,  and  Calicella  fastigiata,  Alder,  had  up  to  the 
present  time  been  regarded  as  peculiar  to  Shetland ;  the  little  Sertularia 
fusiformis,  Hincks,  and  the  pretty  Plumtdaria  tubulifera,  Hincks,  not  known 
previously  on  the  Scotch  coast,  have  now  their  range  considerably  extended 
northwards ;  and  in  the  Appendix  there  are  characters  of  two  Halecia,  new 
to  science,  one  of  which,  Halecium  geniculatum,  is  remarkable  on  account  of 
its  flexuous  hydrosoma,  which  is  bent  alternately  right  and  left  between  th« 
hydrothecrc,  and  on  account  of  the  great  length  of  the  simple  tubular  hydro- 
thecae ;  the  other,  Halecium  sessile,  may  be  distinguished  by  its  very  small 
and  perfectly  sessile  hydrothec©,  and  by  the  very  large  non-retractile  polr- 
pites. 

The  Sponges  have  not  as  yet  been  determined.  It  is,  however,  worthy  of 
mention  that  three  species  peculiarly  characteristic  of  the  Haaf  of  the  Shet- 
land seas  were  living  in  the  Minch,  enjoying  the  companionship  of  man? 
other  of  their  northern  friends.  These  species  were  Tethea  cranium,  Miiller, 
Isodictya  infundibtdiformis,  Linn.,  and  PhaJcellia  ventilabrum,  linn. 

Appended  will  be  found  a  catalogue  of  all  the  species  found,  descriptions 

•  Sarcodicfyon  agglomerata,  Forbes,  Trans.  Boy.  6oc.  Edin.  vol.  n.  p.  309,  pL  9.  %& 
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of  such  as  are  new  to  science,  and  a  list  of  all  those  which  are  now  for  the 
first  time  recorded  as  living  in  our  seas,  with  references  to  the  several  authors 
by  whom  they  have  been  described. 


Crustacea. 


Stenorhynchus  longirostris,  Fabr. 
Inachus  Dorsettensis,  Penn. 

leptochira,  Leach. 

Hyaa  coarctata,  Leach. 
Eurjuome  aspera,  Penn. 
Xantho  floriaa,  Leach. 

rirulosa,  Risso. 

Cancer  pagurus,  Linn. 
Caranua  nuenas,  Linn. 
Portunus  puber,  Linn. 

depnrator,  Linn. 

bolaatus,  Fain'. 

puaillas,  Leach. 

Kbalia  tuberose,  Penn. 

Cranchii,  Leach. 

Atelecyclus  septenidentatus,  Mont. 
Pagurus  Bernnardua,  Linn. 

Prideaoxii,  Leach. 

nabescens,  Kroyer. 

larris,  Thomp. 

Poreellana  platycheles,  Penn. 

longioornus  Linn. 

Galathea  equamifera,  Leach. 

intermedia,  Kroyer. 

Andrewaii,  Kin. 

Mimida  Bamffia,  Penn. 
Crangon  rul^aris,  Linn. 

Allmani,  Kin. 

■         eeulptus,  Bell. 
—  nanus,  Kroyer. 

eerratus,  Norman 

(  —  echinulatus,  Sara). 

spinosus,  Leach. 

Hippolyte  Tarians,  Leach. 

pusiola,  Kroyer. 

eecuriirons,  Norman. 

cultellata,  Norman,  n.  sp. 

pandaliformis,  Bell. 

Pandalus  annulioornis,  Leach. 

breTirostria,  Rathke. 

Doryphorua  Gordoni,  Bate. 
Myais  flexuosa,  Mutter. 

Yulgaria,  Thomp. 

Diaatvlis  biapinosa,  Say 

(  =  D.  bkornis,  Bate), 

lamellate*  Norman,  n.  sp. 

Eudorella  *  emarginata,  Kroyer 

(=  Cyrianaasa  ciliata,  Norman,  $ ). 
Tphitnoe  serrate,  Norman,  n.  sp. 
Talitrus  locusta,  Linn. 
Orcbestia  litiorea,  Mont. 
Montagua  marina,  Bate. 
Lyaianaeea  Costas,  M.-Edw. 

Andouiniana,  Bate. 

Anonyx  Holbollii,  Kroyer 

(—A.  denticulatus,  Bate). 


Anonyx  gulosue,  Kroyer 
(=A.  Holbollii,  Bate). 

ldngipes,  Bate. 

melanophthalmus,  Norman,  n.  sp. 

Euonyx  chelatus,  Norman,  nov.  gen.  et  sp. 
Collisoma  crenata,  Bate. 
Nicippe  tumida,  Bruz. 
Ampclisca  tequicornis,  Bruz. 

carinata,  Bruz. 

tanuicornis,  LiUj. 

macrocephala,  LiUj. 

Haploops  tubicola,  LiUj. 
Monoculodes  carinatus,  Bate. 
CEdiceros  parrimanus,  Bate  $  West. 
Phoxufl  plumosus,  Holbbll. 

Holbollii,  Kroyer: 

Urothoo  marina,  Bate . 

elegans,  Bate. 

Acanthonotus  Owenii,  Bate. 
Dexamine  spinosa,  Mont. 

tenuicornis,  Rathke. 

Vedlomensis,  Bate  %  West. 

Atylus  bispinosus,  Bate. 
Calliope  Fingalli,  Bate  #  West. 
Eusirus  Hehretii,  Bate. 
Leueothoe  articulosa,  Mont. 
Aora  gracilis,  Bate. 
Microdeuteropusanomalus,  Rathke,  6*  &  ?  • 

Websterii,  Bate. 

yersiculatus,  Bate,  &  k  ?  . 

Microprotopus  inaculatus,  Norman,  nor. 

gen.  et  sp. 
Protomedeia  Whitei,  Bate. 
Melita  proxima,  Bate. 
Ma?ra  Loveni,  Bruz. 
EriopLs  elongata,  Bruz. 
Eurystheiis  erythrophthalmus,  LiUj. 
Gammarus  marinus,  Leach. 

locusta,  Linn. 

Megamrcra  longimana,  Leach  \   -  -  0 

Othonis,  M.-Edw.  )  6  *  ¥ " 

Amphithoe  rubricate,  Mont. 

littorina,  Bate. 

Ccrapus  difformis,  M.-Edw. 
Arcturus  longioornis,  Sow. 
Gvge  Hippolytcs,  Kroyer. ' 
Phryxus  abdominalis,  Kroyer. 
Pleurocrypta  Galatheae,  Hesse . 
Jaera  albiirone,  Leach. 
Oniscoda  maculosa,  Leach. 
Idotea  tricuspidata,  Desm. 

emarginata,  Fabr. 

Sphffiroma  Prideauxiana,  Leach. 
Cymodocea  (?)  truncate,  Leach^ 
Cirolana  cylindracea,  Mont. 
Nebalia  bines,  Fabr. 

•  Hie  name  Eudorella  is  here  proposed  as  a  substitute  for  Eudora  of  Bate,  the  latter 
name  having  long  been  employed  by  Peion  and  Lesueur  for  a  genua  of  Hydrozoa. 


198 


REPORT— 1866. 


Paracypris  polita,  Sars. 
Pontocypris  mytiloides,  Norman 

(=P.  serrulata,  G.  0.  Sars). 

acupunctata,  Brady,  n.  sp. 

trigonella,  Sara. 

Bairdia  obtusata,  Sara. 

complanata,  Brady,  n.  sp. 

inflate,  Norman. 

C ythere  viridis,  Miiller. 

oonyexa,  Baird. 

albomaculata,  Baird. 

lutea,  MUller. 

badia,  Norman. 

tonera,  Brady,  n.  sp. 

villosa,  Sars. 

ooncinna,  Jones. 

angulata,  Sars. 

liinicola,  Norman. 

Finmarohica,  Sars. 

cuneiformis,  Brady. 

quadridentata,  Baird. 

•         emaciata,  Brady,  n.  sp. 

tuberculata,  Sars. 

Dunelmensis,  Norman. 

antiquata,  Baird. 

Jonesii,  Baird. 

Cytheridea  punctillata,  Brady. 

papillosa,  Bosquet. 

dentata,  Sars. 

?  subflavesoens,  Brady,  n.  sp. 

elongata,  Brady 

(  =»  0.  angustata,  Baird). 
Cytheropsis  declivis,  Norman. 
Ilyobatee  pretext*,  Sars. 
Loxoconcna  tamarindus,  Jones 

(=C.  lsevata,  Norman). 

impressa,  Baird. 

guttata,  Norman. 

Xestoleberis  aurantia,  Baird. 

depressa,  Sars. 

Cytherura  gibba,  Miiller. 

nigrescent  Baird. 

acuticostata,  Sars. 

angulata,  Brady,  n.  sp. 

producta,  Brady,  n.  sp. 

undata,  Sars. 

oellulosa,  Norman. 

clathrata,  Sars. 


Cy tberopteron  nodosum,  Brtdy,  n.  sp. 

punctatum,  Brady,  n.  sp, 

?  niultiforum,  Norman. 

Bathocythere  simplex,  Norman. 

oonstricta  (f),  Sars. 

Pseudocythere  caudata,  Son. 
Sclerochilus  oontortus,  Norman. 
Paradoxostoma  Yariabile,  Baird. 

abbreviatum,  Sars. 

ensiforme,  Brady,  n.  sp. 

flexuosum,  Brady,  n.  sp. 

Norm&ni,  Brady,  n.  sp. 

.  Hybernicum,  Brady,  n.  sp. 

pulchellum,  Sars. 

Bradycinetus  McAndrei,  Baird. 

teres,  Norman. 

Cvlindroleberis  Mario,  Baird. 
Philomedes  interpunctus,  Baird 

(=P.  longioonus,  LUljebora). 
Polyoope  orbicularis,  Sars. 
Cytherella  Scotica,  Brady,  n.  sp. 
Thalestris  mysis,  Clans, 

Helgol&ndica,  Claus. 

harpactoides,  Claus. 

longimana,  Clavs. 

Bactylopus  tisboides,  Claus. 

Stroemii,  Baird. 

•         tenuicornis,  Claus. 

cinctus,  Claus. 

r  brevicornis,  Claus. 

Harpacticus  cbelifer,  MUller. 
Longipedia  ooronata,  Clous. 
Eupelte  gracilis,  Claus. 
Westwoodilla  nobilis,  Baird. 
Cleta  serrata,  Claus. 
Tisbe  furcata,  Baird. 
Porbellidium  fimbriatum,  Claus 

dentatom,  Claus. 

Alteutha  bopyroides,  Claus. 
Dias  longiremis,  LiUj. 
Cetocbilus  septontrionalis,  Goodsir. 
Anomalocera  Patersonii,  Templeton. 
Dyspontius  striatus.  ThoreU. 
Balanus  porcatus,  Da  Costa. 
Verruca  Stroemia,  Miiller. 
Saoculina  carcini,  Thomp. 
Pycnogonum  littorale,  Strom. 


Freshwater  Species. 

Daphnella  brachyura,  Lievin.  Acroperus  harpa,  Baird. 

Dapknia  longispina,  Miiller.  Alona  quadrangularis,  MuBer. 

Brepanothrix  bamata,  G.  0.  Sars.  Aloneila  elongata,  G.  0.  Sars. 

Polyphemus  pediculus,  Linn.  Peracantha  truncate,  Miiller. 

Eurycercus  lamellatus,  Miiller.  Cypris  ovum,  Jurine 
Chydorus  sphnricus,  Miiller.  («C.  minute,  Baird). 

globosus,  Baird.  Biaptomus  Westwoodii,  Lubbock. 

Camptoccrcus  macrourus,  Miiller.  Cyclops  serrulatus,  Fischer. 

Echinodermata. 

Tbyonidium  hyalinum,  Forbes. 
Cucumaria  lactea,  Forbes  $  Goodsir. 
— —  fusiformis,  Forbes  fr  Goodsir 
(»C.  elongate,  Dub.  fKor.\ 
—  Hyndmanni,  Thomp. 


Holothuria  intestinalis,  Ascanius. 
Psolus  phantapus,  Linn. 
Thyone  fusus,  Miiller. 

»  raphanua,  Dub.  $  Kor. 

Thyoniaium  commune,  Forbes  §  Goods.  (?) 
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Echinocardium  orafcum,  Leake. 
BrL«opsia  lyrifera,  Forbes. 
Eehinocyamus  pusilius,  Muller. 
Echinus  esculentus,  Linn. 

Flemingii,  Bali. 

miliaria,  Leske. 

Asteriaa  rubens,  Linn. 

hispida,  Penn. 

Stichaster  roseua,  MiiUer. 
CribreUa  aanguinolenta,  Muller. 
Solaster  pappoeus,  Linn. 
Palmipea  placenta,  Penn. 
Porania  pul  villus,  Muller. 


Astropecten  irregularis,  Penn. 
Ophiura  lacertosa,  Penn. 

albida,  Forbes. 

—  afRnis,  Lilt  ken 

(«0.  Normani,  Hodge). 
Ophiopholis  aculeata,  Muller. 
Ophiocoma  nigra,  MiiUer. 
Amphiura  BaHii,  Thomp. 

elegans,  Leach. 

filiformis,  Muller. 

Chiajii,  Forbes. 

Antedon  rosaoeus,  Linck. 
Celticus,  Barrett. 


Brettia  pellucida,  Dyster. 
Salioornaria  farciminoides,  Johnst. 
Scrapooellaria  scrupea,  Busk. 
—  scrupoea,  Linn. 

inermia,  Norman,  n.  sp. 

Hippothoa  oatenularia,  Johnst. 

divaricata,  Lamx. 

.Etea  recta,  Hincks. 
Gemeilaria  loriculata,  Linn, 
Catena  KUisii,  Flemina. 
Bugula  avicularia,  Pallas. 

Hurrayana,  Bean. 

Flustara  foliaoea,  Linn. 
Flustrella  hispida,  Fair. 
Memhranipora  membranacea,  Linn. 

piloea,  PaU. 

— -  coriaoea,  Esper. 

imbellis,  Hincks. 

Pouilletii,  Aud. 

Flemingii,  Busk. 

lineata,  Linn. 

Lepralia  crystallina,  Norman,  n.  sp. 

auriculata,  Hass. 

—  concinna,  Busk. 
•—  trispinosa,  Johnst. 

coccinea,  Abildg. 

linearis,  Hass. 

cfliata,  Pall. 

Hyndmanni,  Johnst. 

variolosa,  Johnst. 

laqueata,  Norman. 

nitida,  Fabr. 

■ Peachii,  Johnst. 


Polyzoa. 


Lepralia  yentricosa,  Hass. 

polita,  Norman. 

umominata,  Couch. 

punctata,  Hass. 

• Pallasiana,  Moll. 

simplex,  Johnst. 

Malusii,  Aud. 

«-  byajina,  Linn. 

ansata,  Johnst. 

unicornis,  Johnst. 

collaris,  Norman,  n.  sp. 

Cellepora  pumicosa,  Linn. 

ramulosa,  Linn. 

dicbotoma,  Hincks. 

oervicornis,  Fleming. 

Hassallii,  Johnst. 

Palmicellaria  elegans,  Alder. 
Eschara  foliacea,  Ellis  §  Sol. 

Skenei,  Ellis  #  Sol. 

quincuncialis,  Norman,  n.  sp. 

Betipora  Beaniania,  King. 
Patinella  patina,  Linn. 
Heteroporella  hispida,  Fleming. 
Diastopora  obelia,  Fleming. 
Tubuhpora  serpens,  Linn. 
Idmonea  Atlantica,  Forbes. 
Hornera  borealis,  Busk. 
Alecto  granulata,  M.-Edw. 

major,  Johnst. 

oompacta,  Norman,  n.  sp. 

Crisia  eburnea,  Linn. 

AlcYonidium ,  n.  sp. 

Arachnidia  hippothooides,  Hincks. 


Adamsia  palliata,  Forbes. 
Actinia  mesembryanthemum,  Ellis. 
Tcalia  crasricorms,  Mull. 
Cvjophvllea  Smithii,  Fleming. 
Pennatula  mollis,  Alder,  n.  sp. 


Actinozoa. 


Virgularia  mirabilis,  Linn. 
Pavonaria  quadrangularia,  PaU. 
Alcyonium  digitatum,  Linn. 
Rhizoxcnia  catenata,*  Foriea. 
agglomerata,  Forbes. 


Hrdractinia  echinata,  Fleming. 

Budendrinm ? 

Perigonimus  (sessilis,  Wright?)  .' 
Tubolaria  indiyisa,  Linn. 
CampaQularia  Johnstoni,  Alder. 

Hincksii,  Alder. 

— —  Tcrticillata,  Linn. 


Hydrozoa. 


Obelia  geniculate  Linn. 

Calicella  fastigiata,  Alder. 

Lafoea  dumosa,  Linn. 

Reticulata  serpen*,  Hass. 

Coppinia  arcta,  Daly  ell. 

Halecium  geniculatum,  Norman,  n.  sp. 

sessile,  Norman,  n.  ap. 
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Sertularo  polyzonias,  Linn,  Sertularia  argentea,  £27.  if  Sol 

—  tenella,  Alder.  —  fusiformia,  Hincks.  • 
alata,  Hincks.  Antennolaria  anteunina,  Ztxa. 

—  pinaster,  Ell.  8(  Sol,  \  -  .  0                     Plumukria  falcate,  Lmn. 

Margareta,  Haas,     joa  +  -  tubulifera,  Hincks 

fallai,  Johnst.  myriophyllnm,  Lmn. 

abietina,  Linn.  • piiuiata,  Linn. 

filicula,  Ell,  S(  Sol,  aetacea,  Ellis. 

—  operculata,  Linn,  frutescens,  EH.  £  Sol. 

Class  Crustacea. 

Hippolyte  cidtellata,  Norman,  n.  sp. 

Carapace  gibbous,  anteriorly  keeled  and  toothed.  Rostrum  about  equal 
to  the  carapace  in  length,  not  twice  as  long  as  the  eye,  and  shorter  than  the 
antennal  scale,  nearly  horizontal,  cultellate,  above  with  five  nearly  equal- 
sized  teeth,  posterior  to  which  are  two  others  on  the  carapace ;  below  with 
four  teeth,  all  anterior  to  the  fifth  tooth  of  the  upper  margin.  Front  margin  of 
carapace  with  three  pairs  of  spines ;  the  first  large,  above  the  eye ;  the  second 
below  the  eye ;  the  third  small,  at  the  infero-anteal  angle.  Third  abdominal 
segment  somewhat  gibbous,  but  not  dorsally  produced ;  fourth  with  a  small 
spine  on  the  lateral  margin ;  fifth  with  the  infero-posteal  angle  produced  into 
a  conspicuous  spine.  Second  gnathopods  reaching  the  end  of  the  antennal 
scale.  First  pereiopods  reaching  the  middle  of  the  last  joint  of  second  gnatho- 
pods ;  second  pereiopods  with  seven-jointed  wrist,  left  as  long  as  right,  longer 
than  second  gnathopods.  Telson  furnished  with  nine  pairs  of  lateral  spines, 
and  terminated  in  thirteen  spines,  of  which  the  outermost  pair  but  one  are 
the  longest,  and  tho  nine  spines  between  this  pair  are  subequal  in  length, 
and  ciliated  on  both  margins.  Colour  pink,  beautifully  spotted  with  crimson. 
Length,  exclusive  of  antennae,  rather  more  than  an  inch  and  a  half.  One 
specimen  dredged  in  the  Minch. 

Diastylis  lamellata,  Norman,  n.  sp. 

Female. — Cephalothorax  very  large,  deep  and  wide  in  the  gravid  female, 
viewed  laterally  almost  subglobular,  with  the  dorsal  margin  boldly  arched; 
viewed  dorsally,  remarkably  wide,  ovato,  greatest  breadth  in  the  centre.  Cara- 
pace having  a  short,  blunt,  horizontal  rostrum ;  sculptured  with  three  oblique 
raised  lamellae,  the  hindmost  just  at  the  border  of  the  carapace,  and  continued 
round  the  dorsal  margin,  the  two  others  are  equal  distances  apart,  not  con- 
tinued across  the  hack ;  on  either  side  of  the  central  dorsal  line  is  a  series  ci 
what  appear  in  spirit-preserved  specimens  to  be  lucid  spots;  possibly,  however, 
they  may  be  coloured  markings  in  the  living  animal.  The  second  and  third 
cephalothoracic  segments  raised  into  dorsal  lamellae  of  corresponding  character 
to  those  of  the  carapace  ;  the  anterior  dorsal  margin,  sixth  segment,  and  the 
posterior  margin  of  the  preceding  one  denticulately  serrate.  Superior  an- 
tennae having  tho  three  joints  of  the  peduncle  subequal  in  length,  the  internal 
and  longer  filament  shorter  than  the  last  joint  of  the  peduncle.  The  first 
pereiopods  have  the  basal  joint  narrow  and  much  bent,  its  inferior  margin 
fringed  with  plumose  seta)  and  furnished  with  a  row  of  spines ;  penultimate 
joint  very  long  and  slender,  equalling  in  length  the  three  preceding  articu- 
lations and  as  long  as  the  basal  joint ;  terminal  joint  half  the  length  of  the 
penultimate ;  palp  two-thirds  as  long  as  the  basal  joint,  not  furnished  with 
any  6pines.  Second  pereiopods  having  the  superior  margin  of  the  basal  joint 
furnished  with  spines,  tho  last  and  the  antepenultimate  joints  subequal,  and 
\ore  than  twice  as  long  as  the  penultimate ;  palp  reaching  beyond  the  third 
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joint,  its  basal  portion  not  spined.  Telson  twice  as  long  as  the  preceding  seg- 
ment, suddenly  contracted  near  the  base,  the  last  part  narrow  and  linear, 
having  four  pair  of  lateral  and  two  much  larger  terminal  spines.  Peduncle 
of  uropods  narrow  and  slender,  as  long  as  the  telson,  and  about  one -sixth 
longer  than  the  rami,  furnished  with  about  eight  spines  on  the  inner  margin ; 
interior  ramus  slightly  longer  than  exterior,  having  nine  spines  on  the  inner 
margin  (6  on  first,  2  on  second,  and  1  on  third  joint),  and  a  long  terminal 
spine ;  exterior  ramus  terminating  in  three  setae,  of  which  the  central  is  the 
longest  (the  interior  not  quite  terminal),  and  having  four  spines,  and  one 
other  seta  on  the  outer  margin,  but  none  on  the  inner. 

Length  3  lines.  Dredged  in  Sleat  Sound,  and  also  off  Tynemouth,  Nor- 
thumberland. Nearly  allied  to  Diastylis  biplicata,  G.  0.  Sars,  but  apparently 
distinct. 

Iphithoe  serrata,  Norman,  n.  sp. 

Animal  greatly  elongated  and  very  slender.     Cephalothorax  shallow  and 
much  compressed,  dorsally  keeled  throughout,  equal  in  length  to  six  abdo- 
minal segments,  and  twice  and  a  half  as  long  as  deep  r  rostrum  long,  slightly 
bent  upwards,  apex  obliquely  truncate,  crenated  and  ciliated ;  latero-anterior 
margin  with  only  two  or  three  minute  spines ;  a  deep  sinus  on  the  lower  por- 
tion of  the  front  margin ;  dorsal  line  with  a  crest  of  Bpines  (13-20),  which 
sometimes  extend  almost  to  the  posterior  margin  of  the  carapace,  sometimes 
are  obsolete  on  the  hinder  portion ;  the  spines  gradually  increase  in  size  for- 
wards, and  the  two  or  three  anterior  spines  are  more  widely  separated  from 
each  other  than  the  rest.    Superior  antennae  shorter  than  the  rostrum,  having 
the  last  joint  of  the  peduncle  longer  than  either  of  the  preceding,  and  four 
times  as  long  as  the  very  short  two-jointed  internal  filament ;  external  fila- 
ment very  minute,  one-jointed.     Second  gnathopods  having  the  lower  margin 
of  the  basal  joint  denticulate,  and  its  lobe  reaching  to  the  middle  of  the 
third  joint ;  lobe  of  third  joint  smaller  than  is  usual  in  the  genus,  but  bearing 
several  long  plumose  setae,  the  most  distal  the  longest.  First  pereiopods  having 
both  margins  of  basal  joint  denticulated ;  extended  beyond  the  rostrum,  which 
reaches  the  middle  of  the  penultimate  joint ;  last  and  antepenultimate  joints 
8ubequal,  and  about  one-third  shorter  than  the  penultimate.  Second  pereiopods 
five-jointed,  having  a  large  spine  at  the  termination  of  the  second  and  third 
joints;  last  joint  as  long  as  the  two  preceding.     Telson  semicircular,  termi- 
nating in  spine-like  points  and  two  setae.  Uropods  strongly  formed ;  peduncle 
of  moderate  length  (not  twice  as  long  as  last  abdominal  segment),  furnished 
with  12-14  long  slender  spines  on  the  inner  margin ;  rami  shorter  than  the 
peduncle,  and  subequal ;  interior  with  basal  joint  swollen,  having  five  spines 
on  the  middle  margin,  the  distal  one  very  large ;  second  joint  having  twelve 
spines  on  the  inner  margin  and  apex,  and  three  setae  on  the  outer  margin ; 
all  the  spines  of  the  rami  are  ciliated,  and  the  two  terminal  spines  are  deve- 
loped to  such  a  length  that  they  are  intermediate  in  form  between  spines  and 
Bete ;  outer  ramus  flattened,  having  about  twelve  plumose  setae  on  the  inner 
margin  and  round  the  apex.     Length  about 'five  lines. 
Female  specimens  dredged  in  Sleat  Sound. 

Anonyx  melanophthalmus,  Norman,  n.  sp. 

Eye  black.  Superior  antennae  having  the  first  joint  of  the  peduncle  nearly 
as  long  as  the  two  succeeding  joints  taken  together,  filament  with  nine  arti- 
culations ;  appendage  five-jointed,  the  first  very  long,  equalling  the  first  long 
joint  of  the  filament.    Inferior  antennae  having  last  two  joints  of  peduncle 
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furnished  with  tufts  of  hair  on  the  uppersido ;  filament  short,  equal  in  length 
to  last  two  joints  of  peduncle,  seven-jointed.  First  gnathopods  short ;  wrist 
excessively  short,  forming  a  little  projecting  hair-tipped  lobe  on  the  posterk 
margin,  and  much  shorter  than  preceding  joint  (meros);  hand  oblong,  as 
long  as  the  wrist  and  meros  taken  together,  with  only  two  fine  setae  on  the 
anterior,  and  a  few  spine-like  setae  on  the  posterior  margin,  slightly  nar- 
rowed towards  the  pahn,  which  is  not  at  all  oblique ;  nail  very  large,  haiing 
one  or  two  fine  sets  on  the  upper  margin.  Second  gnathapods  with  wrk 
and  meros  subequal,  and  each  longer  than  the  hand,  meros  having  posterior 
and  wrist  anterior  margin  covered  with  fine  down-like  setse ;  pad  of  wrist 
finely  scaled ;  hand  much  narrower  than  the  wrist,  having  both  nuigms 
beset  with  fine  downy  setae  ,*  terminal  brush  of  hair  not  dense ;  nail  well 
developed,  and  lnfero-posteal  angle  of  hand  produced  so  as  to  form  with  the 
nail  a  little  chela.  Last  pereiopods  not  having  any  of  the  joints  below  the 
basis  posteriorly  produced.  Branches  of  last  uropods  slightly  longer  than  the 
peduncle,  outer  terminating  in  three  spines  and  having  two  or  three  small 
spines  on  the  margin ;  inner  terminating  in  a  single  spine,  and  having  only 
one  very  fine  seta  on  each  margin.  Telson  having  a  wide  but  shallow  deft, 
which  does  not  extend  more  than  one-third  of  its  length ;  each  portion  u 
terminated  by  a  single  spine,  and  there  are  also  two  pairs  of  spines  on  the 
upper  surface.  Posterior  angles  of  abdominal  segments  rounded  and  not 
serrate.  Fourth  abdominal  segment  with  a  dorsal  sinus. 
Dredged  in  Sleat  Sound. 

Euonyx,  Norman,  nov.  gen. 

Differing  from  Anonyx  in  having  the  first  gnathopods  chelate,  and  the 
second  stronger  than  the  first,  subchclate,  nail  large  and  strong.  Posterior 
uropods  two-branched.     Telson  cleft. 

Euonyx  chelates,  Norman,  n.  sp. 

Superior  antenna?  bent  directly  downwards ;  first  joint  of  peduncle  very 
large,  concave  above  (thus  giving  the  front  of  the  head,  the  antenna?  being 
bent  downwards,  an  emarginate  appearance) ;  second  and  thirl  joints  tot 
short,5  and  much  narrower  than  the  first ;  filament  ten-jointed ;  appendage 
six-jointed;  reaching  to  the  end  of  the  third  joint  of  the  filament.  Inferior 
antennae  having  the  last  two  joints  of  the  peduncle  subequal,  not  furnished 
with  any  spines  or  hairs ;  filament  twenty- jointed,  not  twice  as  long  as  the 
peduncle.  First  gnathopods  having  hand  and  wrist  about  equal  to  each  other, 
long,  narrow,  parallel-sided,  nearly  naked,  having  only  very  few  set© ;  in- 
ferior distal  angle  of  hand  greatly  produced,  so  as  to  form  in  conjunction  with 
the  nail  a  slender  horizontal  chelate  claw ;  nail  large,  strong,  furnished  with 
two  or  three  bristles  on  the  upper  margin  near  the  point.  Second  gnathopods 
'more  strongly  developed  than  the  first,  having  the  wrist  furnished  with  tufts 
of  hair  on  the  posterior  margin ;  hand  shorter  than  wrist,  having  several 
rows  of  long  setae  on  anterior,  and  two  similar  rows  on  the  posterior  margin: 
palm  oblique,  well-defined,  concave ;  nail  large,  strongly  curved,  simple. 
Pereiopods  very  stout  and  strong,  having  the  basis  largely  developed  and 
extending  downwards  to  the  middle  of  the  meros ;  posterior  margin  of  meros 
also  largely  developed  outwards  and  downwards  into  a  process  which,  in  the 
posterior,  extends  beyond  tho  carpus ;  the  whole  of  the  anterior  side  of  tie 
legs  is  beset  with  numerous  strong  spines ;  the  nail  is  large,  very  strong,  and 
has  a  cilium  on  the  inner  side  near  the  extremity.  Band  of  last  uropods 
flattened  and  nearly  twice  as  long  as  peduncle,  margins  plain ;  inner  ramus 
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one-jointed,  outer  terminated  in  a  flattened  spine.  Telson  divided  almost  to 
the  base,  but  the  two  portions]  are  in  contact  with  each  other  to  the  apex, 
margins  smooth.  Fourth  abdominal  segment  has  a  deep  sinus  on  the  anterior 
portion  of  the  dorsal  margin,  and  behind  this  a  large  hump-like  elevation. 
Animal  pure  white.  Dredged  parasitic  on  Echinus  esctdentus,  L.,  in  Bleat 
Sound. 

Mkroprotoptts,  Norman,  nov.  gen. 
Antenna  with  secondary  appendage.  First  gnathopods  subchelate.  Second 
gnathopods  larger  than  first,  subchelate,  greatly  developed  in  tf ,  much  smaller 
in  J  .     Uropods  terminating  in  simple  spines,  those  of  last  pair  with  a  single 
Tamils.    Telson  tubular. 

Microprotopus  maculatus,  Norman,  n.  sp. 

Male. — Eye  small,  round,  crimson,  situated  on  a  lobe  between  the  bases  of 
the  two  pairs  of  antennae.  Antennas  subequal,  superior  having  peduncle 
reaching  a  little  beyond  the  penultimate  joint  of  the  peduncle  of  the  in- 
ferior antennae;  basal  joint  stouter  than,  but  equal  in  length  to,  the  second; 
third  joint  shorter  and  more  slender  than  the  preceding ;  appendage  minute, 
two-jointed,  not  so  long  as  first  joint  of  filament,  which  consists  of  nine  or 
ten  articulations,  and  is  of  about  equal  length  with  the  peduncle.  Inferior 
antennae  stronger  than  the  superior,  and,  as  well  as  the  superior,  furnished 
with  scattered  hairs,  but  no  spines.  Mandible  with  a  three-jointed  palp. 
First  gnathopods  having  the  hand  of  equal  length  to  the  wrist,  but  broader, 
widening  from  the  base  to  the  extremity,  palm  oblique,  concave ;  nail  well 
developed,  simple,  extending  rather  beyond  the  palm.  Second  gnathopods 
having  the  wrist  very  short,  hand  greatly  developed,  as  long  as,  or  even  longer 
than  the  whole  of  the  rest  of  the  leg,  oblong,  palm  whole  length  of  hand, 
slightly  concave,  with  a  tooth-like  process  (wanting  in  the  young)  at  the 
base,  and  two  large  teeth  on  the  distal  third ;  finger  large,  strong,  curved, 
fully  as  long  as  the  hand;  the  inner  margin  under  a  high  power  of  the 
microscope  is  seen  to  be  finely  crenated,  or,  rather,  rasped  like  a  file.  Uropods 
furnished  with  a  few  simple  spines ;  the  penultimate  pair  extending  beyond 
the  last,  which  have  only  one  branch ;  this  branch  is  rather  longer  than 
the  peduncle,  and  is  furnished  with  two  or  three  spines  on  the  inner  margin, 
and  terminates  in  two  Bpines  and  a  oilium.  Telson  tubular ;  apex  truncate, 
slightly  emarginate,  and  having  one  or  two  hairs  at  the  angles. 

In  the  female  the  first  gnathopods  are  of  nearly  the  same  form  as  those  of 
the  male,  but  the  hand  is  rather  narrower :  the  second  gnathopods  are  wholly 
different ;  the  wrist  and  two  preceding  joints  are  very  short,  the  former, 
however,  is  the  more  developed,  and  assumes  a  caliculatc  form  at  its  termina- 
tion from  its  having  a  projecting  seta- tipped  lobe  both  in  front  and  behind ; 
hand  subquadrate,  narrower  than  the  wrist,  with  a  row  of  long  scattered 
setae  down  the  centre ;  palm  slightly  oblique,  concave,  with  a  few  fine  frin- 
ging setae,  and  a  single  spine  at  the  angle ;  nail  as  long  as  the  palm,  strong. 
Colour  yellowish,  more  or  less  covered  with  umber-brown  spots ;  these  spots 
are  seen  under  the  microscope  to  be  dendritic  ;  they  often  form  -bands  across 
the  segments,  or  at  times  so  coalesce  as  to  make  the  whole  animal  appear  of 
a  brown  colour.  Length  two  lines.  Found  at  Tobermory  in  Mull,  among 
Laininariae. 

Class  Polyzoa. 
ScrupoceRaria  inermis,  Norman,  n.  sp. 

Cells  regularly  ovate,  wholly  unspined,  and  not  furnished  with  any  oper- 
culum or  suboral  avicularia ;  mandible  of  lateral  avicularia  very  short  and 
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blunt;  ovicell  globular,  smooth,  inclining  inwards;  vibracular  capsules  ef 
moderate  size,  erect,  bilobed ;  vibracula  long,  arising  from  between  the  lobes 
of  the  capsules.  Height  half  an  inch.  Dredged  in  deep  water  in  the  Minch, 
also  at  Shetland.  Differs  from  S.  scruposa  in  having  the  cells  larger,  not 
furnished  with  spines,  and  in  the  vibracular  capsules,  which  are  propor- 
tionately large,  and  the  mandible  of  the  avicularia  being  shorter  and  blunter. 

Eschara  quincuncialis,  Norman,  n.  sp. 

Polyzoary  white,  smooth,  polished,  cylindrical.  Cells  distant,  in  linear  series, 
regularly  arranged  in  quincunx,  swollen,  mammiform.  Apertures  keyhole- 
shaped,  rounded  above,  with  a  small  sinus  below,  immediately  beneath  which 
a  small  inconspicuous  avicularium  is  sometimes  present.  Ovicell  small,  with 
1-4  round  perforations. 

The  specimen  described  is  apparently  a  fragment,  and  is  not  more  than  a 
quarter  of  an  inch  long.  It  is,  however,  manifestly  distinct  from  all  the 
Eschara*  with  which  we  were  previously  acquainted.  Dredged  in  deep  water 
in  the  Minch. 

Lepralia  collaris,  Norman,  n.  sp. 

Cells  small,  crowded,  linearly  arranged,  not  in  quincunx,  granular,  not 
punctured  round  the  margin ;  mouth  arch-formed,  rounded  above,  truncate 
below ;  peristome  greatly  elevated  into  a  frill-like  plate  which  surrounds  the 
sides  and  lower  margin  of  the  mouth,  within  which  there  is  no  denticle ; 
ovicell  globular,  of  moderate  size,  punctate. 

.  In  small  patches  on  old  shells  and  stones  from  the  Minch,  coast  of  Antrim, 
Guernsey,  and  Shetland.  It  will  be  evident  from  the  foregoing  list  of 
localities  that  this  species  is  widely  distributed  on  our  coasts.  It  has  been 
hitherto  mistaken  (by  Mr.  Busk,  Mr.  Alder,  and  myself)  forZ.  exitnia,  Hincb, 
in  common  with  which  species  it  has  the  peculiar  collar-formed  peristome; 
but  having  recently  had  an  opportunity  of  examining  Mr.  Hincks's  typical 
and  only  known  specimen  of  L.  eanmia,  I  found  it  to  be  a  wholly  different 
form  from  that  which  is  now  described. 

Lepralia  crystallina,  Norman,  n.  sp. 

Cells  short,  obovate,  of  moderate  size,  and  moderately  tumid,  not  regularly 
arranged,  nor  separated  from  each  other  by  raised  lines,  nor  areolated  at  the 
margin ;  white,  crystalline,  punctate,  punctures  round,  few,  equally  distri- 
buted on  all  parts  of  the  cell ;  mouth  triangular,  lateral  walls  much  raised, 
margined  above  with  five  spines  (rarely  present),  a  small  avicularium  at  the 
lower  angle  of  the  mouth,  with  short  rounded  mandible  directed  downwards; 
a  bifid  tooth-like  process  within  the  mouth;  ovicell  globular,  crystalline, 
punctate. 

On  shell  and  stone  in  very  small  patches.  The  Minch  and  Shetland  in  deep 
water.  Nearly  allied  to  L.  Landsborovii,  as  compared  with  which  the  cells 
are  smaller,  shorter,  more  convex,  less  regularly  disposed,  not  separated  from 
each  other  by  distinct  raised  lines,  more  regularly  punctate  than  is  usual  in 
L.  Landsborovii,  in  which  the  punctures  are  often  absent  from  the  centre 
of  the  cell ;  the  mouth  also  is  more  angular. 

Aleeto  eompaeta,  Norman,  n.  sp. 

Polyzoary  narrow  at  the  base,  thence  rapidly  widening  and  irregularly 
ramifying,  branches  wide  and  short,  their  terminations  rounded ;  remarkably 
flat,,  and  closely  appresBed  to  the  shell.  Cells  very  small,  irregularly  scattered 
and  separated  from  each  other,  shortly  tubular,  scarcely  raised  above  the 


ON  HBBRIDEAN  CRUSTACEA,  ECHINODERMATA,  POLYZOA,  ETC.       205 


level  of  the  polyzoary,  all  inclining  towards  distal  extremity  of  branches, 
though  bending  slightly  towards  the  side  of  the  polyzoary  to  which  they  are 
nearest.  Colour  white.  On  stone  and  shell.  The  Minch  and  Shetland  in 
deep  water. 

JL  eompaeta  approaches  more  nearly  to  A.  dilatans  than  to  the  other  de- 
scribed species,  but  is  much  smaller  and  more  delicate  in  all  its  parts,  and 
depressed  fiat  to  the  surface  instead  of  being  raised  in  a  swollen  cushion -like 
manner.  A.  dilatans  is  usually  tinged  with  violet,  while  A.  eompaeta  is 
always  white,  and  approaches  in  many  respects  to  a  Diastopora. 

Class  Hydrozoa. 
Haledum  geniculatum,  Norman,  n.  sp. 
Hydrosoma  slender,  branching,  the  branches  (in  type  specimen)  all  in  the 
same  plane ;  branchlets  flexuous,  bending  alternately  right  and  left  between 
the  hydrothecse  (as  in  Laomedea  geniculate) ;  one  hydrotheca  to  each  internode; 
the  internode  terminating  immediately  above  the  hydrotheca  and  marked  by 
a  single  stricture,  or  more  rarely  two.  Hydrothecse  diverging  at  about  an 
angle  of  45°  from  the  coenosarc,  much  elongated,  simply  tubular,  fully  two- 
thirds  as  long  as  the  internodes  of  the  coenosarc,  and  3-6  times  as  long  as 
their  own  diameter ;  a  constriction  near  the  base,  at  the  point  where  the  more 
strongly  developed  chitinc  of  the  base  of  the  hydrotheca  is  exchanged  for  a 
membrane  of  more  delicate  structure.  Height  an  inch  and  a  half.  Dredged 
in  deep  water  in  the  Minch. 

Halecium  sessile,  Norman,  n.  sp. 

Hydrosoma  slender,  irregularly  branching,  branches  not  in  the  same  plane ; 
branchlets  having  alternate  hydrothecae,  and  a  single  constriction  above  each 
hydrotheca.  Hydrothecse  very  short  and  perfectly  sessile,  not  rising  at  all 
separately  from  the  hydrosoma,  of  the  lateral  projections  of  which  they  are 
mere  openings,  without  being  raised  into  any  tube.  Polypites  large,  not  re- 
tractile, very  narrow  at  the  base,  where  they  rise  from  the  hydrotheca,  thence 
gradually  widening  to  near  the  summit,  where  they  suddenly  swell  into  a 
wide  campanulate  mouth  surrounded  by  long  and  slender  filiform  tentacles ; 
the  polypites  rise  above  the  hydrotheca  to  a  height  (exclusive  of  tentacles) 
which  is  not  less  than  five  times  its  diameter,  and  far  overtop  the  level  of  the 
succeeding  hydrotheca.  Height  probably  an  inch  and  a  half,  though  the 
fragments  obtained  are  not  more  than  half  that  length.  Dredged  in  deep 
water  in  the  Minch. 

The  following  is  a  list  of  the  species  which  are  now  for  the  first  time  re- 
corded as  members  of  the  British  Fauna. 


Hippolyte  cultellata,  Norman,  n.  sp. 
Diaatyhs  lamellate,  Norman,  n.  sp. 
Iphitaoe  aerrata,  Norman,  n.  sp. 
Anonyx  melanophtbalmus,  Norman,  n.  sp. 
Euonyx  chelata*,  Norman,  nov.  gen.  et  sp. 
Ampelisca  carinata,  Bruz.  # 

tenuioornis,  LilljA 

macrooephala,  Lillj.  t 

Microprotopus  maculatus,  Norman,  nov. 
gen.  et  sp. 


Micra  Loveni,  Bruz.* 
Eriopis  elongate,  Bruz,* 
Pieurocrypta  Galatheae,  Hesse  ?  { 
Paraoypris  polita,  Sars  }. 
Pontocypris  acupunctata,  Brady,  n.  sp. 

trigonella,  Sars  §. 

Bairdia  obtusata,  Sara  §. 

complanata,  Brady,  n.  sp. 

Cythere  yiridis,  Midler  f|. 
tenera,  Brady,  n.  sp. 


•  Bidrag  till  kannedomen  om  Skandinariens  Amphipoda  Gammaridea,  1859. 

t  Ofrera.  af  Kongl.  Vetensk.  Akad.  Forhandl.,  1855,  pp.  123,  137. 

I  Annales  des  Sciences  Naturelles,  Cinquieme  Serie,  torn.  iii.  (1865)  p.  226,  pi.  4. 

("Orersigt  af  Norges  Marine  Ostraooder,"  Vid.-Selsk.  Forhand.  1865. 
Entomostracn,  p.  64,  tab.  yii.  figs.  1,  2  (and  of  Sars,  but  not  of  Lilljeborg). 
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Cythere  villosa,  Sara*. 

concinna,  Jones  t. 

angulata,  Sars  *. 

Finmarehica,  Sars  *. 

cuneiformis,  Brady,  n.  sp. 

emaciata,  Brady,  n.  sp.   - 

tuberculata,  Sars  *. 

Cytheridia  punctillata,  Brady  }. 

dentate,  Sars  *. 

?  subflavescens,  Brady,  n.  sp. 

Hyobates  pnetexta,  &w«*. 
Xestoleberis  depressa,  Sars  *. 
Cytherura  gibba,  Midler  §. 

acuticostata,  Sars*. 

angiilata,  Brady,  n.  sp. 

producta,  Brady,  n.  sp. 

undata,  Sars*. 

clathrata,  Sars*. 

Cytheropteron  nodosum,  Brady,  n.  sp. 

punctatum,  Brady,  n.  sp. 

Bathocythere  constricta  (?)  Sara*. 
Pseudocythere  caudata,  Sars  *. 
Paradoxostoma  abbreyiatum,  Sars*. 

ensiforme,  Brady,  n.  sp. 

flexuosum,  Brady,  n.  sp. 

Normani,  Brady,  n.  sp. 

■  Hybernicum,  Brady,  n.  sp. 


Polycope  orbicularis,  Sars*. 
Cytherella  Scotica,  Brady,  n.  sp. 
Thalestris  mysis,  Claus  (. 

Helgolandica,  Clous  |. 

harpacticoides,  Claus  f . 

Daotylopus  tisboides,  Claus  |. 

tenuicornis,  CZaiu  J. 

cinctus,  Cftras  «[ . 

brevicornis,  Clous  •[. 

Longipedia  ooronata,  CZras  |. 
Eupelte  gracilis,  Claus  \. 
Cleta  serrata,  6&zws|j. 
Porcellidium  fimbriatum,  Claus  f. 
— —  dentatum,  Claus  **. 
Dyspontius  striatals,  Tkorell+f. 
Drepanothrix  hamata,  G.  O.  Sars  J  J. 


Scrupocellaria  inermis,  Norman,  n.  sp. 
Lepralia  crystallina,  Norman,  n.  sp. 

collans,  Norman,  n.  sp. 

Eschara  quincuncialis,  Norman,  n.  sp. 
Alecto  compacta,  Norman,  n.  sp. 
Alcyonidium ,  n.  sp. 

Pennatula  mollis,  Alder,  il  sp. 

Halecium  geniculatum,  Norman,  n.  sp. 
sessile,  Norman,  n.  sp. 


. pulcbellum,  Sars  * 

P.S. — It  will  be  observed  that  tho  list  of  Ostracoda  given  in  the  foregoing 
Report  differs  from  that  of  Mr.  G.  S.  Brady.  This  arises  from  the  fact  that 
the  Reporter  has  had  an  opportunity  of  revising  the  lists  at  a  much  later 
period  (May  10, 1867),  when  further  time  had  allowed  a  more  complete  exa- 
mination to  be  made  of  the  material  collected.  The  present  lists,  in  the 
drawing  up  of  which  he  has  been  assisted  by  Mr.  Brady,  have  thus  been 
rendered  more  full  and  more  correct. 


Notices  of  some  Invertebrata,  in  connexion  with  the  Report  of  Mr. 
Gwyn  Jeffreys  on  Dredging  among  the  Hebrides.  By  Joshua 
Alder. 

A  Serpttla  lately  dredged  by  Mr.  Jeffreys  in  the  Hebrides,  on  the  fragment 
of  an  old  shell,  possesses  some  interest  in  a  physiological  point  of  -view,  on 
account  of  the  peculiar  character  of  its  shelL  It  is  slender  and  strongly 
carinated  through  the  greater  part  of  its  length,  not  unlike  the  common 
Serpula  triquetra,  but  rather  more  slender.  Neap  the  mouth,  however,  there 
is  an  oblong  bulbous  swelling  of  the  same  substance  as  the  shell,  but  rather 
less  compact  and  more  brittle ;  this  terminates  in  a  double  arch  in  front.    On 

*  "OversigtafNorges  Marine  Ostracoder,"  Vid.-Selsk.  Forhand.  1865. 
t  Entomostraca  of  the  Tertiary  Formation,  p.  29,  pi.  4.  fig.  7. 
Annals  and  Mag.  Nat  Hist  3rd  series,  vol.  xvi.  (1865),  pi.  9.  fig.  9-11. 
Entomostraca,  p.  24,  pi.  7.  fig.  10-12. 
Die  frei  lebenden  Gopepoden,  1863. 
%  Die  Copepoden-Fauna  von  Nizza,  1866. 

**  Beitrage  zur  Kenntniss  der  Entomostraken,  1  Heft,  Marburg,  I860,  p.  8,  tab.  ii. 
figs.  19-22. 

ft  Bidrag  till  kannedomen  on  Krustaceer  som  lefva  i  arter  af  slagtat  Ascidia,  8. 1858. 
XX  Om  de  i  omegnen  af  Christiania  forekommende  Cladooeren,  1861,  p.  14,  and  Andti 
Bidrag,  1862,  p.  51. 
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examining  its  structure,  we  find  that  this  bulbous  portion  consists  of  two 
cells,  divided  from  each  other  by  a  thin  wall  of  shell,  and  that  the  triangular 
tube  of  the  general  body  is  continued  through  its  base,  with  the  mouth  of  the 
tube  opening  generally  immediately  below  it.     In  one  instance,  however,  the 
tube  is  continued  for  a  short  distance  iu  front  of  the  swelling.      Mr.  Jeffreys 
suggests  that  this  protuberance  may  be  an  egg-case,  which  I  think  is  very 
probable,  as  there  is  a  small  external  aperture  in  front  of  each  partition, 
which  apparently  communicate  with  the  tubular  portion  posteriorly.     I  am 
not  aware  that  any  similar  structure  has  been  before  observed  in  the  tubular 
Annelids  ;  and  I  therefore  now  take  the  opportunity  of  bringing  the  circum- 
stance under  the  notice  of  naturalists,  in  order  that  it  may  be  investigated 
by  those  more  immediately  connected  with  the  study  of  this  department  of 
zoology.     The  species  appears  to  be  a  new  one ;  but  it  is  impossible  to  speak 
with  certainty  in  the  absence  of  the  animal  inhabitant  of  the  tube.     In  one 
individual  two  of  these  protuberances  have  been  formed,  one  behind  the  other. 

Pbnnatula  mollis,  n.  sp.  N 

Polypary  4  or  5  inches  long,  of  a  brick-red  colour,  variegated  with  darker 
red  streaks,  slender,  rather  soft  and  flaccid.     Stem  slender,  rounded,  smooth, 
and  very  slightly  bulbous  at  the  base,  occupying  from  one-third  to  half  the 
length  of  the  compound  body.     Rhachis  smooth  in  front,  except  an  undu- 
lating line  of  tubercles  running  at  the  base  of  the  pinnae  on  each  side ;  the 
back  of  the  rhachis  has  a  smooth  groove  in  the  centre,  on  each  side  of  which  it 
is  set  with  small  pointed  granules,  smaller  and  less  crowded  than  in  P.  phos- 
phorea.    Pinna  compressed,  flaccid,  slightly  fusiform,  about  half  an  inch  long 
in  the  centre  of  the  rhachis,  but  decreasing  towards  each  end ;  these  terminate 
in  a  rather  obtuse  point  at  the  apex,  and  diminish  gradually  to  minute  pro- 
cesses below ;  they  are  placed  a  little  further  apart,  are  less  triangular,  and 
have  a  narrower  base  than  those  of  P.  phosphor ea.    Polype-cells  cylindrical,  set 
in  a  single  row  on  the  front  margin  of  each  pinna,  and  terminating  as  usual 
in  eight  denticles ;  they  are  rather  shorter  and  less  spiculose  than  in  P.  phos- 
phorea, and  number  about  twelve  in  each  row  of  the  longer  pinnae.   This  species 
has  considerable  resemblance  to  the  Pennatula  phosphorea  of  our  coast,  the 
differences  between  them,  though  well  marked,  being  only  comparative.     It 
is  larger,  more  slender,  and  much  softer  and  more  flaccid  in  all  its  parts  than 
that  species.     This  latter  character  arises  principally  from  the  fewer  spicula 
in  its  composition,  from  which  cause  also  it  is  of  a  paler  and  duller  red,  the 
colouring-matter  being  principally  confined  to  the  spicula.    The  pinnae  are  not 
so  crowded  as  in  P.  phosphorea,  and  are  less  firmly  and  broadly  set  on  the 
rhachis,  leaving  a  little  more  space  in  front. 

It  is  probable  that  this  may  be  Pallas's  Pennatula  rubra,  var.  /3,  of  which 
he  says,  "Datur  varietas,  in  oceano  praesertim,  longior,  gracilior,  pinnis 
angustioribus,  magisque  distantibus,  caliculis  pinnarum  rarioribus  et  promi- 
nentioribus."  There  can  be  little  doubt,  however,  that  this  species  is  distinct 
from  the  P.  rubra  of  Pallas,  which  is  the  P.  phosphorea  of  British  authors,  and 
probably  also  of  Linne\  The  differences  between  them  are  as  great  as  is 
usual  in  other  species  of  this  genus. 

This  is  an  interesting  addition  to  our  fauna,  one  species  only  of  Pennatula 
having  been  previously  known  as  British. 

Ttjnicata. 
Ascidia  mentula.  I         Ascidia  plebeia. 


venoaa.  |         aspersa, 
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Ascidia  depressa. 

intestinalis. 

narallelogramma. 

Molgula  arenosa. 
Cynthia  tesselkta. 

squamulosa,  young. 

echinata. 

Cynthia  tuberosa. 
—  informia? 


Doris  tuberculata. 
—  Johns  toni. 
Dendronotus  arborescens. 


Cynthia  violacea. 

CToasularia. 

Clavellina  lepadifonnia. 
Diazona  Hebridica. 
Parascidia  ElemingiL 

Didemnum  gelatinosum. 
Botryllus ? 


NuDIBRAffCHTATA. 


Hero  formosa. 
Eolis ? 


Report  on  the  Ostracoda  dredged  amongst  the  Hebrides. 
By  George  S.  Bradt. 


List 


Paracyprifl  polity  G.  0.  Sars. 
Pontocypris  mytiloides,  Norman. 

acupunctata,  n.  sp. 

Bairdia  inflata,  Norman. 

obtusata,  G.  O.  Sars. 

complanata,  n.  sp. 

Cythere  lutea,  Mutter. 

viridifl^  Mutter. 

pellucida,  Baird. 

—  Dadia,  Norman. 

—  albomaculata,  Baird. 

—  convexa,  Baird. 

—  angustata,  Miinster. 
subflavescens,  n.  sp. 

—  ventricosa,  G.  O.  Sars. 

—  villosa,  G.  O.  Sars. 

—  Finmarchica,  G.  O.  Sars. 

—  angulata,  G.  O.  Sars. 

—  tuberculata,  G.  O.  Sars. 

—  concinna,  Jones. 

—  quadridentata,  Baird. 

emaciata,  n.  sp. 

limicola,  Norman. 

—  Dunelmensis,  Norman.  ' 

antiquata,  Baird. 

Jonesii,  Baird. 

multifora,  Norman. 

—  complexa,  n.  sp. 
Cytheridea  papulosa,  Bosquet. 

—  punctillata,  Brady. 


of  Species. 

•Cytheridea  mermis,  G.  O.  Sars. 

• dentata.  G.  O.  Sars. 

•Cytheropsis  aeclivis,  Norman. 

Byobates  protexta,  G.  O.  Sars. 
•Loxoconcha  granulata,  G.  O.  Sars. 

impressa,  Baird. 

guttata,  Norman. 

* tamarindus,  Jones. 

•Xestoleberis  depressa,  G.  O.  Sars. 

Cytherura  nigrescens,  Baird. 
* undata,  G.  O.  Sars. 

humilis,  n.  sp. 

* acuticostata,  G.  O.  Sars. 

* clathrata,  6.  O.  Sars. 

•Cytheropteron  latissimum,  Norman. 

trioorne,  Bornetnann. 

•Bythocythere  simplex,  Norman. 

flexuosa,  n.  sp. 

constricta,  Gr.  O.  Sars. 

Pseudocythere  caudata,  G.  O.  San. 
•Sclerochilus  contortus,  Norman. 
'Paradoxostoma  variabile,  Baird. 

abbreviatuxn,  G.  O.  Sars. 

Cypridina  teres,  Norman. 

Mac  Andrei^  Baird. 

Philomedes  Manae,  Baird. 


Sars. 


Polycope  orbicularis,  G. 
Cytnerella  laevis,  n.  sp. 
Scotica,  n.  sp. 


Sixty  species  in  all,  of  which  nine  are  new  to  science ;  fifteen  (Paracypris 
polita,  Uythere  ventricosa,  C.  Finmarchica,  C.  angulata,  C.  concinna,  C.  emaciata, 
Cytheridea  inermis,  C.  dentata,  Ilyobates  prcetexta,  Cytherura  clathrata,  G. 
acuticostata,  C.  undata,  Bythocyihere  constricta,  Pseudocythere  caudata,  Poly- 
cope orbicularis)  are  new  to  Britain,  though  they  have  been  described  aa 
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inhabitants  of  other  seas,  and  one  (Gythcropteron  tricorne)  is  now  for  the 
first  time  noted  as  occurring  in  a  recent  state.  It  should,  however,  he  men- 
tioned that,  of  the  fifteen  species  here  named  as  new  to  our  seas,  eleven  were 
previously  represented  in  my  collection  by  specimens  (unrecorded)  from  other 
parts  of  lie  British  coast. 

A  species  closely  allied  to  Ilyobates  prcetexta  (I.  glacialis,  MS.)  has  been 
found  by  Messrs.  Crosskey  and  Robertson  pretty  abundantly  in  the  fossil 
state  in  the  oldest  deposit  of  glacial  day  which  has  come  under  their 
notice,  and  it  is  worthy  of  remark  that  the  recent  species  now  dredged  is 
much  smaller  and  apparently  more  poorly  developed  than  the  fossil  one, 
though  in  general  character  and  appearance  so  much  like  it  as  to  make  me 
suspect  that  the  one  may  possibly  be  the  lineal  descendant  of  the  other.  If 
this  be  so,  it  forms  an  interesting  contrast  to  Cytheridea  papilloma,  the 
living  specimens  of  which  are  mostly  much  finer  than  those  of  the  tertiary 
period.  C.  papillosa  is  an  abundant  species  in  many  districts — in  Loch  Fyne, 
for  instance,  it  occurs  in  immense  numbers  and  of  fine  growth — while  Ily- 
dates  pratexta  appears  to  be  rare,  and  is  probably  confined  to  our  northern 
seas.  We  may  therefore  infer  that  the  one  species  is  verging  towards  ex- 
tinction, at  least  in  our  latitudes,  while  the  other  is  thriving,  and  for  the  pre- 
sent successful  in  the  "  struggle  for  existence."  Of  the  sixty  species  here 
catalogued,  thirty-two  are  known  to  occur  in  the  glacial  clays  of  Scotland ; 
these  are  marked  with  an  asterisk,  and  it  may  be  noted  that  the  two  species 
which  perhaps  occur  most  abundantly  in  the  older  clays,  Cytheridea  punc- 
tata and  Cyihere  conanna,  do  not  appear  to  be  of  frequent  occurrence  at 
the  present  day,  and  are  confined  to  northern  habitats. 

As  to  the  geographical  distribution  of  the  various  species,  it  may  be  re- 
marked that  sixteen  of  the  number  are  essentially  northern  in  their  range,  so 
far  as  our  present  knowledge  extends ;  these  are  Bairdia  obtusata,  B.  compla- 
**to,  Cyihere  coneinna,  C.  angtdata,  C.  Dunelmensis,  Cytheridea  papillosa, 
C  pwnetiUata,  C.  inermis,  C.  dentata,  Ilyobates  prcetexta,  Bythocythere  sim- 
fk*,  B.  jlexuosa,  Pseudocyihere  caudata,  CythereUa  lasvis,  C.  Scotica,  and 
Cypridina  Mae  Andrei.  None  of  these  have  been  found  (except  one  or  two 
specimens  of  Cytheridea  punctiUaia)  in  any  locality  south  of  the  Dogger 
Bonk,  and  most  of  them  are  confined  to  the  shores  of  Scotland.  On  the 
other  hand,  our  list  includes  one  species  which  attains  its  highest  develop- 
ment in  more  southern  localities,  such  as  the  seas  around  the  Channel 
Islands,  the  south  coast  of  England,  and  the  south-west  of  Ireland.  This  is 
Cyihere  maciata,  of  which  only  one  specimen,  and  that  a  poor  one,  has  been 
detected  in  the  Hebridean  gatherings* 

.  It  is  impossible  at  present  to  institute  any  satisfactory  comparison  between 
the  recent  Ostraeoda  of  our  seas  and  those  of  the  Continent,  as,  except  in 
Scandinavia,  scarcely  anything  has  been  done  amongst  this  group  by  conti- 
nental naturalists.  In  general  terms,  however,  it  may  be  said  that  the 
Ostraeoda  of  the  Northern  British  seas  exhibit  a  close  approach  to  those  of 
Norway. 

Descriptions  qf  new  Species. 

PoJTOClMOs  ACTTPTTKCrATA,  n.  sp. 

Oblong,  subrjeniform,  highest  in  the  middle,  height  equal  to  half  the 
length.  Anterior  extremity  rounded,  posterior  obtusely  pointed.  Dorsal 
Margin  arched,  sloping  more  steeply  behind  than  in  front,  ventral  margin 
deeply  sinuated  at  the  anterior  third.     Outline,  as  seen  from  above,  com- 

lbG6.  p, 
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pressed,  oval,  widest  in  the  middle.    Surface  minutely  punctate.    Colour 
purplish  brown.    Length  -fa  in. 

Hab.  The  Minch,  45-60  fathoms ;  and  in  shell  sand  from  Koundstone. 

Baibdia  complaxata,  n.  sp. 

Subreniform,  highest  in  the  middle,  greatest  height  equal  to  about  half  the 
length ;  anterior  extremity  evenly  rounded,  posterior  narrowed  and  some- 
what obliquely  rounded.  Dorsal  margin  boldly  arched,  highest  in  the 
middle  and  sloping  steeply  behind ;  ventral  gently  sinuated  in  front,  tod 
slightly  convex  behind.  Outline,  as  seen  from  above,  compressed,  oral; 
greatest  width  in  the  middle,  and  equal  to  about  one-third  of  the  length. 
Shell  smooth,  colour  pale  ochreous  or  white.    Length  -fe  in. 

Hab.  The  Minch,  45*60  fathoms. 

CYTEBBB(?)  SUBFLAVESC0EK8,  n,  8p, 

Oval  or  subtriangular,  highest  in  the  middle,  greatest  height  equal  to 
more  than  half  the  length,  rather  tumid.  Extremities  rounded  and  nearly 
equal  in  width.  Superior  margin  arched,  somewhat  gibbous  in  the  middki 
inferior  margin  rather  convex.  Seen  from  above,  oval,  widest  in  the  middle, 
obtusely  pointed  in  front,  rounded  behind,  width  equal  to  nearly  half  the 
length.    Shell  smooth,  pale  yellow,  finely  and  closely  punctate.    Length 

Hab.  The  Minch,  45-60  fathoms. 

Ctthere  emaciata,  n.  sp. 

Quadrangular,  higher  in  front  than  behind,  length  equal  to  more  thin 
twice  the  height.  Anterior  margin  alightly  rounded,  often  fringed  with 
eight  or  nine  teeth;  posterior  narrowed,  emarginate  above,  produced  sod 
toothed  below.  Superior  and  inferior  margins  nearly  straight.  Outline, « 
seen  from  above,  oblong,  widest  behind,  nearly  thrice  as  long  as  broai 
Surface  marked  with  large  pits  arranged  longitudinally ;  along  the  middle  of 
the  valve  a  conspicuous  elevated  rib ;  a  less  distinct  ridge  witnin  the  vestal 
margin,  and  another  smaller  oblique  rib  behind  the  antero-dorsal  angle. 
Length  ^^in. 

Hab.  Hebrides  (locality  doubtful),  and  many  other  places  in  Great 
Britain  and  Ireland. 

CXTHEBE  COMPLEXA,  n.  8p« 

Rhomboids!,  excessively  tumid  below,  somewhat  higher  in  front  than 
behind ;  greatest  height  equal  to  two-thirds  of  the  length.  Anterior  Margin 
rounded ;  posterior  obliquely  truncate  below,  and  produced  into  a  short  blunt 
beak  above ;  dorsal  margin  straight,  slightly  sloping  from  the  front ;  veatnl 
margin  straight.  Seen  from  above  the  outline  is  triangular,  with  deeply  con* 
stricted  sides,  pointed  in  front,  and  centrally  mucronate  behind.  Sorfsee 
rather  coarsely  reticulated ;  one  tubercle  situated  near  the  anterior  hinge,  sad 
two  larger  ones  with  an  intermediate  connecting  ala  a  little  above  the  ventral 
margin.     Length  ^  in.  *         •    • 

Hab.  Uncertain  (probably  Loch  Alsh). 

CYTREBV£A  IttTMILIS,  n.  sp; 

Subrhomboidal,  nearly  equal  in  height  throughout ;  anterior  margin  ob- 
liquely rounded,  sloping  steeply  above ;  posterior  obliquely  truncate.  Supe- 
rior margin  very  gently  arched,  sloping  steeply  behind,  inferior  straight  or 
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slightly  sinuous.  Seen  from  above  the  outline  is  oblong,  subquadrilateral, 
obtusely  pointed  in  front,  truncate  and  mucronate  behind.  Surface  irregu- 
larly waved;  a  conspicuous  rib  parallel  to  the  ventral  margin,  which  gives 
off  in  front  of  the  middle  another  ridge  running  toward  the  anterior  hinge, 
which  again  sends  forward  from  its  middle  a  short  longitudinal  rib.  Length 
T^in. 

Btthoctthkrb  ?  flexuosa,  n.  sp. 

Elongated,  compressed,  siliquose ;  greatest  height  in  the  middle,  equal  to 
about  one-third  of  the  length.  Superior  margin  arched,  sloping  steeply  down- 
wards in  front,  more  gently  behind.  Extremities  obtusely  pointed.  The 
ventral  margin  slightly  concave  in  front,  then  curving  upwards  to  the  poste- 
rior extremity.  Seen  from  above  compressed  oval,  widest  in  the  middle, 
and  tapering  equally  to  the  extremities,'  which  are  somewhat  mucronate. 
Surface  smooth,  pellucid,  with  white  clouded  patches.  Hinge-processes 
feebly  developed.     Length  ^  in. 

Hab.  The  Minch,  45-60  fathoms. 

Ctthkrelul  Scotica,  n.  sp. 

Elliptical,  equal  in  height  throughout,  height  equal  to  nearly  two-thirds 
of  the  length ;  right  valve  considerably  larger  than  the  left ;  anterior  and 
posterior  margins  obliquely  rounded,  superior  and  inferior  margins  nearly 
parallel,  gently  sinuated  in  the  middle.  Outline,  as  seen  from  above,  sub- 
conical  ;  greatest  width  at  the  posterior  extremity,  equal  to  less  than  half 
the  length,  obtusely  rounded,  and  emarginate  in  front,  rounded  behind. 
Surface  marked  with  very  small  punctse.     Length  -^  in. 

Uab.  The  Minch,  45-60  fathoms. 

Ctthelella  lbvis,  n.  6p. 

Valves  elliptical,  broader  in  front  than  behind,  greatest  height  equal  to 
two-thirds  of  the  length,  broadly  rounded  in  front;  rather  narrowed,  and 
obliquely  rounded  behind;  dorsal  margin  gently  arched,  sloping  steeply 
behind;  ventral  margin  straight,  or  very  slightly  incurved.  Seen  from 
above  the  valves  are  compressed,  broadest  at  the  posterior  third,  and  rounded 
at  each  extremity ;  smooth,  opaque-white.     Length  -fa  in. 

Bab.  The  Minch,  45-60  fathoms. 

Only  two  detached  valves  of  this  species  were  found,  but  they  are  suffi- 
ciently distinct  from  0.  Scotica,  the  only  other  British  species,  to  require 
separate  description. 


Report  on  Dredging  in  the  Moray  Firth. 
By  the  Rev.  Walter  Macgregor  and  Robert  Dawson. 

The  Committee  appointed  by  the  British  Association  for  the  Advancement 
of  Science  for  dredging  the  Moray  Firth  engaged  the  same  vessel  as  they 
did  last  year,  and  sailed  from  Macduff  on  the  13th  of  July.  They  continued 
at  sea  for  fifteen  days.  During  the  whole  time  the  weather  was  most  un- 
favourable, arid  in  consequence  the  dredgings  were  in  a  great  measure  Con- 
fined to  the  western  part  of  the  Firth.  So  stormy  was  the  weather  on  the 
l&h,  that  the  vessel  was  obliged  to  run  into  Cromarty  Firth. 

In  the  Report  laid  before  the  Association  at  their  Meeting  of  1865,  the 
number  of  Mollusca  belonging  to  the  district  was  set  down  at  269.    Since 
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that  Meeting  13  species  have  been  added  to  the  list,  distributed  as  follows: 
— Of  the  Cephalopoda,  Eledone  octopodia,  Sepiola  Rondeletii,  Loligo  vrdgaru. 
and  Sepia  officinalis ;  of  the  Prosobranchiata,  Mangelia  brachystoma,  M.  «- 
bula  and  M.  laevigata  (besides  M.  pyramidalis  in  a  fossil  state),  Defranda 
purpurea,  and  Rissoa  eostata ;  of  the  Lamellibranchiata,  Area  pectunculmdes 
and  Leda  pygmcea  (two  valves  of  each),  both  dredged  off  the  Old  of  Caith- 
ness, and  Scrobieularia  nitida. 

It  may  be  worth  mentioning,  that  in  Cromarty  Bay  the  dredges  were  pot 
down  in  four  fathoms  of  water,  and  brought  up  alive  Aissoa  eostata  in 
abundance,  Natica  Alderi,  Leda  minuia,  Axinus  flexuosus,  Sarobiad&na 
nitida,  Corbula  gibba,  and  Ponopea  plicata. 

Of  the  Crustaceans  (Brachyura)  found  on  this  and  former  occasions,  maybe 
mentioned  Hyas  coarctitus  in  spawn  (July,  October,  and  November),  Euiy- 
nome  aspera,  Portunus  puber,  P,  depurator,  P.  marmorcus,  Ebalia  PcnnaiUu, 
E.  branchii,  Atelecycltts  heterodon  in  great  numbers,  and  Lithodes  Maia* 

Of  Anomoura  are  the  following: — Pagurus  Icevis,  Porcellana  platydulu 
(one  specimen)  and  P.  longicomis  in  great  abundance,  Oalathea  strigosa  and 
G.  disperse,  Munida  liondeletii,  Callianassa  subterravua,  Qebia  deltura,  C«- 
locaris  Macandreee,  Nephrops  norvegicus,  and  Pandalus  annuUeornU. 

The  examination  of  the  Stomapoda  has  yielded  Vaunthomsoma  cristata, 
Eiidora,  n.  s.,  and  Bodotria  arenosa. 

The  Amphipoda  normalia,  so  far  as  examined,  have  given  Ampelisez 
Oaimardii,  Urothoe  marinus,  Amphithoe  rubricata,  and  Corophium  Bowfli. 
Many  of  this  class  remain  unexamined. 

Of  the  Isopoda  aberrantia  may  be  mentioned  Tanais  Dulongii.  The  Iso- 
poda  are  Oerolana  Tiertipes,  JEga  bicarinata,  and  Bocinela  Dannwniensis. 

A  Holibut  was  caught,  and  off  it  was  taken  Lepeophtheirus  hippoglom. 

The  Annelida  are  as  yet  unexamined. 

Few  species  of  the  Echinodermata  came  up,  the  only  noteworthy  one 
being  Bryssiopsis  lyrifer.  One  specimen  of  Uraster  rubens  may  be  men- 
tioned for  its  size.     It  measured  18£  inches  across. 

The  Polyzoa  and  Hydrozoa  yielded  nothing  worthy  of  remark,  except  a 
fine  specimen  of  Bhizostoma  pulmo. 

The  only  specimen  of  the  Actinozoa  dredged  was  a  very  young  Adamsia 
pdlliaia.  As  the  Actiniae,  not  contained  in  the  former  Report,  are  mentioned 
in  the  *  Actinologia  Britannica,'  it  is  deemed  unnecessary  to  enumerate  them. 

The  Committee  have  to  return  their  warmest  thanks  to  Dr.  Gray,  Mr. 
Bate,  Dr.  Bowerbank,  and  the  Rev.  A.  M.  Norman.  Without  their  help,  bo 
freely  and  so  kindly  given,  this  Report,  as  well  as  the  former,  would  not  have 
been  half  so  complete.  The  Committee  have  to  express  their  regret  that  the 
weather  was  so  unpropitious,  as  they  have  every  reason  to  think  that  much 
more  would  have  been  accomplished  had  they  reached  one  or  two  of  the 
banks  on  which  they  were  anxious  to  dredge. 


Report  of  the  Committee  on  the  Transmission  of  Sound- Signals  mder 

water. 

At  the  last  Meeting  of  the  Association  a  Committee,  consisting  of  the  Bit. 
Dr.  Robinson,  Professor  Wheatstone,  Dr.  Gladstone,  and  Professor  Hennessj, 
was  appointed  to  Report  on  the  transmission  of  sound-signals  under  water. 

In  the  year  1826  M.  Colladon  made  acoustical  experiments  in  the  Lake  of 
Geneva,  which  it  is  unnecessary  to  further  describe,  as  a  detailed  account  of 
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them  has  been  given  by  Professor  Hennessy  in  a  Report,  printed  in  the  volume 
of  the  Reports  of  the  Association  for  1861*. 

If  these  experiments  should  lead  to  an  available  means  of  communication 
between  two  ships  in  company  at  sea,  or  between  a  ship  and  the  coast  during 
foggy  weather,  an  important  purpose  would  be  accomplished. 

At  first  the  attention  of  the  Committee  was  directed  to  repeating  M.  Col- 
ladon's  experiments,  substituting  for  the  bell  he  employed  cylindrical  bars  of 
Bteel,  from  6  to  8  feet  in  length,  and  from  1  inch  to  If  inch  in  diameter ; 
these  were  supported  on,  or  suspended  from,  their  nodal  points,  and  struck 
with  hammers  of  different  weights  at  one  of  their  ends,  so  as  to  excite  them 
longitudinally.     These  experiments  were  made  in  the  large  water-trough  of 
the  Polytechnic  Institution,  and  subsequently  in  the  ornamental  waters  of  the 
licgentfs  Park :  the  available  distance  in  the  former  case  was  about  seventy 
yards,  in  the  latter  about  half  a  mile.     Employing  Colladon's  ear-trumpet, 
the  sounds  were  very  distinctly  heard,  and  even  at  the  short  distance  in  the 
Polytechnic,  the  sounds  through  the  air  were  separated  from  those  heard 
through  the  water  by  a  distinct  interval.     The  character  of  the  sound  was, 
however,  very  different  in  the  two  cases  ;  that  transmitted  through  the  water 
being  more  abrupt,  though  in  both  cases  they  were  mere  blows  or  impulses,  as 
the  method  of  excitation  was  not  intended  to  produce  continuous  musical 
sounds.     Though  the  sounds  were  not  of  a  character  produced  by  any  musical 
instrument,  yet  a  pitch  could  be  recognized  in  them  in  the  same  manner  as  a 
pitch  can  be  perceived  in  blows  made  at  different  parts  of  a  table.     By  select- 
ing two  bars  of  different  lengths,  the  sounds  produced  by  each  might  be  com- 
bined in  the  different  orders  of  succession,  which  constitute  the  telegraphic 
alphabet.     We  did  not  extend  these  experiments  further  on  account  of  the 
expense  which  would  be  incurred  by  the  purchase  of  a  sufficient  number  of 
bars  to  enable  us  to  ascertain  the  best  dimensions  for  the  effective  production  of 
the  required  sounds,  and  also  in  the  expectation  that  we  might,  by  the  opera- 
tion of  some  members  of  the  Association,  obtain  the  temporary  loan  of  such 
materials. 

Professor  Hennessy,  who  resides  on  the  sea-side,  near  Dublin,  is  willing  to 
undertake  such  further  experiments  as  would  be  required  for  testing  the 
application  of  sound-signals  in  extensive  spaces  out  at  sea.  On  this  point  Dr. 
Gladstone  has  already  made  a  few  experiments  at  Eastbourne.  He  and  his 
children  had  taken  two  boats  when  there  was  considerable  movement  on  the 
surface,  and  the  sounds  were  produced  from  one  boat  while  they  were  listened 
for  from  the  other.  Musical  sounds  appeared  to  be  immediately  stopped,  while 
a  blow  struck  end  ways  on  an  iron  bar  could  be  heard  at  a  great  distance. 

Sounds  produced  in  the  air  did  not  seem  to  penetrate  through  the  water ; 
hut  the  sound  of  breaking  waves  on  the  shingle  of  the  shore  was  distinctly 
heard  through  the  water.  This  noise  heard  through  the  water  resembled  a 
series  of  sharp  ticks,  and  could  be  easily  distinguished  at  a  considerable  dis- 
tance. The  detection  of  this  kind  of  sound  is  manifestly  interesting  with 
reference  to  the  guidance  of  vessels  approaching  a  coast  during  the  prevalence 
of  a  fog.  Such  noises,  though  extinguished  in  their  passage  through  air 
during  a  fog,  would  still  be  transmitted  through  water,  so  as  possibly  to  act 
at  certain  parts  of  the  coast  as  a  natural  fog-signal. 

The  attention  of  the  Committee  has  been  specially  directed  to  tho  produc- 
tion of  musical  sounds  under  water.     The  instruments  which  appeared  to  be 
most  available  for  this  purpose  were  Cagniard  de  la  Tour's  Syren,  and  pipes 
or  whistles,  in  which  the  vibrations  were  caused  by  currents  of  water  in  masses 
*  Thirty-first  Report,  p.  173. 
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ot  the  same  liquid.  When  limited  volumes  of  water  were  employed,  poweiiii 
sounds  were  obtained  in  both  cases ;  but  in  large  reservoirs  we  met  witL 
an  unexpected  difficulty,  for  we  found  that  musical  sounds,  which  could  he 
heard  through  considerable  distances  in  air,  became  totally  extinguished  at 
very  short  distances  from  the  point  of  origin  in  water.  Even  when  sound* 
were  produced  with  considerable  intensity  in  a  confined  vessel,  as  a  pail  or 
tub,  when  the  vessel  was  plunged  in  a  large  reservoir  the  sound  communi- 
cated to  the  air  became  remarkably  deadened,  and  the  intensity  was  more 
diminished  as  the  instrument  was  placed  at  a  greater  distance  beneath  the 
surface  of  the  water.  The  rapid  extinction  of  musical  sounds  in  water  len- 
ders it  almost  hopeless  to  employ  them  for  communicating  signals  in  that 
medium.  We  must  therefore,  if  this  investigation  is  to  be  continued,  rerct 
to  experiments  similar  to  those  of  M.  Colladon,  and  confine  ourselves  to  tb 
transmission  of  shocks  or  impulses  communicated  to  bars  or  pieces  of  metal 
of  various  forms  and  dimensions. 


Report  of  the  Lunar  Committee  for  Mapping  the  Surface  of  the  Moo*. 
By  W.  R.  Birt,  at  the  request  of  the  Committee,  consisting  of 
James  Glaisher,  F.R.S.,  Lord  Rosse,  F.R.S.,  Sir  John  Hebschel, 
Bart.,  F.R.S.,  Professor  Phillips,  F.R.S.,  Warren  De  la  Rci, 
F.RS.,  Rev.  W.  R.  Dawes,  F.R.S.,  Rev.  T.  W.  Webb,  F.RA.S.> 
J.  N.  Lockyer,  F.R.A.S.,  H.  S.  Ellis,  F.R.A.S.,  Herr  Schmidt, 
and  W.  R.  Birt,  F.RA.S. 

Ik  the  Report  which  I  had  the  honour  to  present  to  the  Mentbers  of  the 
British  Association  for  the  Advancement  of  Science  at  Birmingham,  the 
steps  taken  by  the  Committee  appointed  at  Bath  for  ensuring  as  full  and 
accurate  a  Register  of  Lunar  Objects  as  could  be  obtained,  were  described  in 
detail  with  the  Forms  issued  by  the  Committee  for  obtaining  this  object,  to 
which  were  added  a  few  notices  of  the  more  remarkable  features  of  the  Lunar 
Surface  which  had  presented  themselves  in  the  course  of  observation. 

It  was  in  the  first  instance  proposed  to  construct  an  outline  Map  of  the 
Moon's  Surface  four  times  the  area  of  that  of  Beer  and  Madler,  or  75  inches 
in  diameter;  every  object  entered  in  the  Register  to  be  inserted  on  the  Map: 
the  outline  of  a  Map  of  this  size  was  exhibited  to  the  Section. 

In  the  Resolution  reappointing  the  Committee,  the  object  expressly  men- 
tioned, is  that  "  of  making  further  progress  in  mapping  the  surface  of  the 
Moon ;"  and  while  the  Committee  has  not  lost  sight  of  the  objects  contem- 
plated in  its  original  appointment,  it  has,  in  consequence  of  some  remarks 
of  the  President  of  the  Association,  Professor  Phillips,  when  the  Report  was 
read,  mainly  directed  its  efforts  to  the  construction  of  an  accurate  outline  Hap 
of  100  inches  in  diameter. 

In  noticing  the  progress  made  in  this  department  of  its  labours,  it  may  be 
well  to  glance  at  the  materials  at  present  available  for  the  purpose.  Tb«* 
are,  well-determined  positions  of  the  First  Order,  and  existing  Photographs. 

In  Appendix  I.  will  be  found  the  rectangular  coordinates  of  all  the  posi- 
tions of  the  first  order  determined  up  to  the  time  of  Beer  and  Madler.  I  am 
not  aware  that  any  have  been  determined  since,  unless  Herr  Schmidt,  of 
Athens,  may  have  added  to  the  number,  but  his  measures  are  as  yet  un- 
publisned. 
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Of  existing  photographs,  I  am  aware  of  only  one  that  can  bo  employed 
in  connexion  with  positions  of  the  first  order  for  obtaining  an  .approximation 
to  the  true  places  of  unmeasured  points ;  but  this,  which  was  taken  by  Warren 
De  La  Rue,  Esq.,  on  October  4,  1865,  at  9h  0m  4%  G.  M.  T.,  represents 
the  disk  at  an  epoch  so  near  that  of  mean  libration,  which  occurs  only  once 
in  three  years,  that  the  abscissas  X  may  be  measured  on  it  without  appre- 
ciable error,  and  the  ordinates  Y  require  but  a  small  correction.  1  now 
proceed  to  notice  the  work  done  under  these  heads. 

My  first  step  was  to  project  orthographically  on  one  sheet  of  paper  a 
quadrant  of  the  moon's  disk  of  50  inches  radius.  The  quadrant  chosen  as 
the  most  convenient  was  the  fourth.  After  laying  down  the  meridians 
and  parallels,  I  inserted  in  this  quadrant  all  the  points  of  the  first  order, 
amounting  only  to  twenty-three  (see  Appendix  1.).  It  is  greatly  to  be  regretted 
that  these  points  are  so  few,  and  that  the  triangles  of  which  they  form 
the  points  are  bo  large,  as  in  employing  photographs  taken  at  any  other 
epoch  than  that  of  mean  libration,  or,  indeed,  by  using  any  method,  so  far 
as  I  am  aware,  except  determinations  of  the  first  order,  libration  enters  so 
extensively,  that  even  at  short  distances  from  these  points  the  results  of 
measures  become  very  uncertain;  and  as  the  formuke  for  computing  the 
existing  libration  at  any  given  epoch  are  only  available  for  determining  tho 
selenographical  longitude  and  latitude  of  the  centre  of  the  apparent  disk  at 
that  epoch,  and  do  not  assist  in  the  determination  of  the  position  of  any  other 
point  except  by  the  aid  of  direct  measures  and  the  computation  of  certain 
angles,  it  is  the  more  important  to  augment  the  number  of  positions  of  tho 
firat  order.  With  this  view,  I  have  prepared  from  Lohrraann's  work, '  Topo- 
graphic der  Sichtbaren  Mondoberflachc,'  compared  with  Beer  and  Madler's 
'Der  Mend,'  a  modification  of  the  forms  adopted  by  those  stenographers  for 
this  purpose  according  to  the  method  of  Encke,  which  necessarily  includes 
tho  computation  of  the  libration.     (See  Appendix  II.) 

The  twenty-three  points  of  the  first  order  in  Quadrant  IV.  were  carefully 
laid  down  by  direct  measurement  from  the  equator  and  first  meridian,  and 
checked  in  every  case  by  measuring  from  point  to  point  the  sides  of  the 
triangles  formed  by  them,  and  given  by  Beer  and  Madler  in '  Der  Mond,'  pp. 
80-82.  Taking  the  .moon's  semidiameter  equal  unity,  the  greatest  error  (a 
Bolitary  instance)  amounted  to  '0008,  which  is  much  less  than  errors  arising 
from  contraction  &c.  of  the  paper  employed.  In  addition  to  points  of  tho 
first  order,  several  of  the  seoond  order  have  been  inserted. 

The  coincidence  of  the  equator  of  the  photograph  of  October  4,  18G5, 
enlarged  to  10  inches  in  diameter,  with  that  of  the  moon  was  next  ascertained. 
M  mean  libration  tho  moon's  equator  is  projected  on  the  disk  as  a  straight 
^  and  if  the  photograph  be  taken  at  the  exact  instant  of  mean  libration, 
the  moon's  equator  will  coincide  with  a  straight  line  across  the  disk  equally 
distant  from  each  pole.  The  appearance  of  the  moon  when  full  differs,  as 
13  ▼ell  known,  from  that  which  is  presented  at  the  various  phases ;  many 
prominent  objects  quite  disappear,  and  it  is  not  so  easy  to  pick  out  those 
that  can  be  seen  as  when  they  are  near  the  terminator.  I  was  able,  how- 
wt,  to  ascertain,  with  some  degree  of  precision,  the  following  points : — South 
of  the  Equator — Messier,  Theophilus,  Dollond,  Albategnius,  Herschel,  and 
Gaaaendi;  North  of  the  Equator — Picard,  Dionysius,  Linnd  Aristillus,  Pico, 
^d  Kepler.  Appendix  IV.  contains  the  measures  of  these  points  from  the 
apparent  equator  on  the  photograph,  and  the  comparison  of  them  with  the 
ataasj©  of  the  same  points  given  by  Beer  and  Madler.  The  mean  difference 
for  those  south  of  the  equator  is  *0019,  and  for  those  north  of  the  equator 
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'0052,  moon's  semidiameter  =  1*0.    It  is  consequently  assumed  that  i 
for  latitude  south  of  the  equator  will  not  involve  any  great  error  in  • 
ferring  them  to  the  larger  scale  of  100  inches.     The  libration  in  latitude 
=—0°  20'  ±  ;  in  longitude  -  0°  40'  ±. 

The  measures  of  the  above-named  points,  from  the  apparent  central  meri- 
dian for  longitude,  were,  as  might  be  expected  from  the  greater  amount  of 
libration  in  longitude,  not  so  accordant  with  the  ordinates  as  those  for  latitude 
were  with  the  abscissa? ;  the  mean  of  the  most  accordant  differences  west  of 
the  meridian  amounts  to  as  much  as  *0195,  while  easts  *007.  A  correction 
of  *020  has  consequently  been  applied  to  all  measures  west  of  the  meridian. 
Under  these  circumstances,  it  is  considered  that  as  close  an  approximation  as  a 
combination  of  direct  measurement  with  measures  on  photographs  taken  at  or 
near  the  epoch  of  mean  libration  will  afford,  has  been  obtained  for  the  basis  of 
the  Map.  Still,  for  obvious  reasons,  it  would  be  well  to  augment  positions  of 
the  first  order,  especially  as  outlines  laid  down  from  a  photograph  taken  at 
full  moon  differ  materially  from  those  furnished  by  a  photograph  taken  at  an 
earlier  or  later  phase. 

Among  the  forms  issued  by  the  Committee  last  year  was  one  (Form  Rb.  2) 
for  aiding  in  the  formation  of  a  catalogue  of  lunar  objects  by  symbolizing 
them  (see  Report,  ]  865,  p.  288),  by  means  of  which  each  area  of  5°  of  latitude 
and  5°  of  longitude  is  distinguished  by  a  distinct  symbol,  IV  Aa,  IV  Afi,&e~, 
for  example.    Every  object  discernible  on  the  photograph  of  October  4,  1865, 
between  0°  and  15°  of  longitude  and  0°  and  10°  of  latitude,  has  been  carefully 
measured,  and  inserted  on  the  projection  of  Quadrant  IV.  above-mentioned, 
the  areas  included  being  IV  A«,  IV  A0,  IV  A*,  IV  A  *,  IV  A*,  and  IV  A*.  The 
angular  points  bounding  the  portion  of  the  surface  thus  measured  are  as 
follows : — The  centre  of  the  moon's  visible  disk  in  mean  libration,  and  the 
region  between  Ptolemasus  and  Albategnius  :oa  t£c  east,  and  .DoUond  and 
Theon  Senior  on  the  west.     This  region  forms  part  of  the  mountainous 
district  between  the  Sinus  Medii  and  Mare  Tranquillitatis,-  and  is  charac- 
terized by  great  diversity  and  irregularity  of  surface.     As  the  direction  m 
which  the  light  is  received  from  the  moon  when  full  is  nearly  the  same — but 
reversed — as  that  in  which  it  falls  upon  the  surface  from  the  sun,  it  is  clear 
we  have  on  the  photograph  of  the  full  moon  the  "  ground  markings  "  on  the 
visible  disk  destitute  of  all  hypsometrical  affections,  and  the  light  and  shade 
indicate  the*  reflective  power  of  the  Burface  only.    There  are  a  variety  of 
degrees  of  reflective  power ;  but  from  an  attentive  consideration  of  the  pho- 
tograph, they  may  generally  be  regarded  aafive,  from  the  bright  white  surface 
surrounding  many  craters  to  the  dark  surfaces  of  the  Maria*    A  tracing  of 
the  markings  thus  laid  down  has  been  executed,  in  which  a  conventional 
mode  has  been  introduced  for  distinguishing  the  variety  of  tints.     This 
tracing  is  very  useful  for  comparing  the  features  of  the  full  moon  with  those 
observed  at  earlier  and  later  phases,  and  some  interesting  results  have  been 
obtained,  to  which  allusion  will  be  made  presently. 

If  the  features  of  the  full  moon  only  were  laid  down  on  a  map,  the  student 
would  be  utterly  unable  to  recognize  any  of  the  minute  details  which  are 
seen  near  the  terminator.  In  the  absence  of  a  photograph  taken  sufficiently 
near  the  epoch  of  mean  libration  for  the  coordinates  of  each  object  as  seen 
near  the  terminator  to  be  measured,  that  it  may  at  once  be  transferred  to 
its  proper  place  on  the  Map  (opportunities  for  obtaining  such  a  photograph 
will  not  occur  until  1868),  the  mode  that  presents  itself  for  dealing  with  the 
more  minute  details  is  to  measure  on  another  photograph  such  details  from 

e  nearest  point  of  the  first  order,  having  identified  as  nearly  as  possible  the 
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corresponding  prominent  features  in  the  two  photographs.     As  before  re- 
marked, the  photograph  of  October  4,  1865,  is  that  of  full  moon ;  the  one 
employed  for  the  smaller  and  more  striking  detail  is  that  taken  by  Warren 
De  Jjbl  Rue,  Esq.,  on  February  22,  1858,  enlarged  on  glass  to  8-75  inches  in 
diameter.     On  neither  of  the  six  areas  above  mentioned  does  a  point  of  the 
first  order  occur,  and  the  nearest  to  areas  IV  A-,  IV  A$  is  the  central  moun- 
tain of  Albategnius  in  IV  A\     From  the  very  nature  of  the  apparent  changes 
effected  in  the  visible  disk  by  libration,  it  is  clear  that  such  measures  as  those 
just  alluded  to  cannot  possess  much  claim  to  accuracy  when  referred  to  the 
mean  projection,  except  when  made  in  the  immediate  neighbourhood  of  a  point 
of  the  first  order,  or  near  a  point  that  has  been  well  identified ;  all  other 
positions  can  only  be  considered  as  approximate ;  indeed,  when  the  lines 
measured  approach  the  tenth  part  of  the  moon's  semidiameter  in  length  they 
are  quite  useless ;   still,  with  a  proper  amount  of  care  the  approximation 
capable  of  being  attained  may  be  sufficiently  close  for  all  the  purposes  of  a 
map,  especially  if  all  well-determined  positions  be  distinctly  indicated.     The 
reader  may  easily  convince  himself  of  the  difficulty  of  combining  portions  of 
photographs  taken  at  differing  intervals  from  the  epoch  of  mean  libration  by 
simply  making  enlarged  tracings  of  such  portions  and  superposing  the  one  on 
the   other;  he  will  soon  see  they  will  not  fit;  added  to  this  is  the  effect 
produced  by  variation  of  distance ;  two  photographs  taken  at  mean  libration 
will  not  quite  agree,  the  features  of  that  taken  at  perigee  will  manifestly  be 
larger  than  if  it  were  taken  at  apogee. 

Notwithstanding  these  difficulties,  numerous  objects  have  been  inserted  on 
Areas  IV  A*,  IV  A/3,  IV  A*,  and  IV  A1*  from  the  photograph  of  February  22, 
1853,  and  other  sources,  and  a  drawing  made  of  the  area  IVA?.  This  has 
been  enlarged  to  a  scale  of  400  inches  =  moon's  diameter*.  Each  object,  as 
it  is  inserted  in  the  map  and  drawing,  is  entered  in  Form  No.  3.  (See  Report, 
1865,  p.  296.)  Appendix  III.  contains  a  catalogue  of  these  objects.  The  num- 
bers in  each  of  the  above-named  areas  are  as  follows: — IV  AS  88,  IV  A/3, 21, 
IV  A*,  114, IV  A*,  25. 

There  are  a  few  points  of  interest  which  attach  to  the  features  thus  in- 
sorted.  It  is  well  known  that  Tycho  is  the  centre  of  the  most  magnificent 
t  jstem  of  rays  or  lucid  bands  on  the  moon's  surface,  and  that  this  system  is 
aeen  to  the  greatest  advantage  at  the  time  of  full  moon ;  accordingly,  the 
photograph  of  October  4, 1865,  furnishes  the  best  means  for  depicting  under 
that  aspect,  the  rays  emanating  from  Tycho.  Three  of  these  rays  cross  the 
areas  above-mentioned;  the  two  eastern  rays  cross  the  areas  IV  A «,  IV AS, 
and  the  west  ray  crosses  the  areas  IV  A/3,  IV  A1* .  These  rays  will  be  referred 
to  in  Appendix  III.,  which  contains  an  abbreviated  catalogue  of  the  objects 
already  mapped  and  inserted  in  the  drawings ;  nevertheless  it  may  be  proper 
to  mention  here  ttiat  all  three  are  coincident  with  ranges  of  high  land,  as  seen 
in  the  photograph  of  February  22,  1858,  which  in  some  places  are  much 
broken,  and  in  others  rise  into  rocky  eminences.  The  middle  of  these  rays 
passes  along  the  east  border  of  Albategnius,  and  the  western  along  the  west 
border.     The  west  border  of  Ptolemaeus  forms  part  of  the  eastern  ray. 

Another  feature  bearing  remotely  on  the  above-named  areas  is  the  exist- 
ence of  two  "  ray-centres  "  in  the  neighbourhood  of  Furnerius.  These  ray- 
centres  are  depicted  by  Hevelius  in  his  Selenographia,  figs.  0  and  P,  similar 
as  Beer  and  Madler  remark  to  two  pairs  of  crab-claws,  the  rays  going  north- 

*  It  was  exhibited  at  the  Meeting. 
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ward.  It  appears  from  '  Der  Mond/  p.  375,  that  Boer  and  Midler  not  omij 
saw  one  of  the  northern  branches  extending  from  Furnerius  A  about  fifty-fire 
English  miles,  bnt  also  traced  a  southern  and  brighter  branch  from  this  crater 
extending  as  far  as  ninety  English  miles.  They  appear  to  be  silent  as  to 
any  radiating  streaks.  Beer  and  Madler  also  speak  of  one  near  Stevuros,  I 
have  not  yet  been  able  to  identify  Beer  and  Mauler's  positions.  These  "  ray- 
centres  "  are  quite  perceptible  on  the  photograph,  and  the  rays  can  be  well 
traced  as  far  as  the  neighbourhood  of  Godin  and  Agrippa.  The  rays  from 
the  easternmost  centre  bend  round,  and  form  branches  of  parabolic  carves. 
In  areas  III  A^,  IY  A?,  and  IT  An,  there  is  a  considerable  parallelism  be- 
tween several  of  the  mountain-ranges  and  valleys,  and  these  are  seen  on  the 
photographs,  taken  when  Copernicus  is  near  the  terminator,  gradually  to  fall 
into  the  curves  formed  by  the  rays  from  the  east  centre.  The  valleys  sad 
mountain-ranges  are  particularly  specified  in  Appendix  III. 

The  occurrence  of  "  light-centres,"  hitherto,  I  believe,  unnoticed*, is  another 
feature  of  much  interest.  There  are  in  the  mountainous  district  before  men- 
tioned, between  the  Sinus  Medii  and  Mare  TranqtiilUtaiis,  four  such  centres. 
They  appear  to  be  subordinate  to  ray-centres,  are  generally  in  immediate 
connexion  with  craters,  the  interiors  of  which  are  very  bright,  and  the  light 
spreads  more  or  less  regularly  on  all  sides  of  them,  as  if  the  surface  around 
them  consisted  of  strongly  reflective  materials.  The  north  border  of  the 
prater  and  light-centre  IV  A*  2,  which  is  very  deep,  is  cracked,  and  the  crack 
appears  to  penetrate  the  depth  of  the  crater.  This  crack  forms  the  south 
part  of  the  rill  No.  362  of  Schmidt's  Catalogue,  and  is  connected  with  a 
"  fault "  which  extends  as  far  as  and  dislocates  the  west  border  of  Rhseticu* 
in  the  neighbourhood  of  the  equator.  If  the  crack,  rill,  and  fault  ori- 
ginated at  an  epoch  when  IV  A1*2  was  in  a  state  of  activity,  the  con- 
vulsion of  the  interior  must  have  been  considerable,  IV  A'  *  being  about  r 
south  of  the  equator,  although  nothing  in  comparison  with  that  whkli 
produced  the  bands  issuing  from  Tycho  and  the  two  ray-centres  in  the  south- 
west. 

•  *  During  the  passage  of  these  sheets  through  the  press,  the  Her.  T.  W.  Webb  caGcd 
my  attention  to  Beer  and  Madler' s  remarks  on  the  crater  "  Euelides,"  as  showing  that  it 
belongs  to  the  class  of  "  light-centres."  Mr.  Webb  has  kindly  favoured  mo  with  a  trans- 
lation, and  Beer  and  Madder's  observations  are  so  much  to  the  point  that  I  gladly  insert 
them.    For  the  original  consult  •  Der  Mond,'  p.  813. 

"  Euelides  especially  distinguishes  itself  among  the  Ught-surronnded  (which  are  by  no 
means  to  be  confounded  with  the  radiating)  craters.  It  is  encompassed  by  a  very  bright 
luminous  area,  rather  triangular  than  circular,  brightest  at  its  foot,  but  losing  itself  in- 
definitely on  ercry  side.  It  may  be  perceived  as  far  as  K  and  I ,  and  consequently  about 
6  miles  (27*6  miles  English)  away  to  the  north.  The  whole  lucid  spot  is  quite  flat  and 
lies  in  the  level  of  the  Mare,  with  the  exception  of  some  very  inconspicuous  hills  that  arv 
of  no  importance  in  comparison  with  the  well  of  Euelides. 

"  This  altogether  peculiar  whitish  nimbus  shows  itself  only  neaf  a  few  craters  of  tic 
moon's  surface,  of  which  not  one  has  more  than  1£  mile  (about  7  miles  English)  in  dia- 
meter, and  they  almost  all  lie  between  7°  3C  and  46°  of  longitude,  and  between  the 
equator  and  15°  of  latitude.  The  radiating  ring  mountains  are  collectively  much  larger, 
do  not  show  their  greatest  brightness  immediately  at  the  foot,  and  extend  this  brightness 
in  long  streaks.  Craters  with  a  brighter  neighbourhood,  which  generally  arises  from  sur- 
rounding terraces,  show  themselves  in  abundance,  but  we  may  soon  convince  ourselves  bj 
mere  inspection  that  this  has  nothing  in  common  with  the  here  mentioned  appearance. 
The  craters  belonging  to  this  class  are  collectively  very  deep,  strictly  circular,  nerer  k*s 
than  7°  bright,  little  differing  in  respective  magnitude,  and  extremely  obvious  under  evcrr 
illumination.  The  luminosity  near  Mdsting  c  is  quite  of  another  nature,  and  that  scar 
Idchtenberg  does  not  show  itself  on  every  side,  is  fainter,  and  light-red  rather  thin 
whitish." 


ON  MAPPING  THE  SURFACE  OF  THE  MOON.  219 

The  four  areas  IV  Aa,  IV  A/3,  IV  A  *,  and  IV  A  *  are  characterized  hy  seve- 
ral faults ;  the  particulars  of  those  in  IV  A*  and  IV  A  *  will  be  found  in  Ap- 
pendix III.' 

In  the  Report  presented  at  Birmingham,  allusion  was  made  to  the  measure- 
ment of  the  diameters  of  craters  for  the  determination  of  magnitude.  It  is 
worthy  of  remark  that  measures  have  been  taken  of  some  of  the  larger  craters 
inserted  in  areas  IVA0  and  IV  A*,  and  upon  comparison  these  measures  have 
been  found  to  agree  nearly  with  those  taken  from  the  photograph. 

During  the  past  year  Herr  Schmidt,  -of  Athens,  has  issued  a  catalogue  of 
425  riUs ;  278  of  these  have  been  discovered  by  himself.  They  consist  of 
rifts,  crater-rills,  crater-rows,  and  valleys  with  some  faults.  In  the  cata- 
logue of  objects  on  area  IV  A^,  which  forms  part  of  Appendix  III.,  are  eight 
not  to  be  found  in  his  printed  catalogue.  Four  of  these  have  been  disco- 
vered since  July  20,  1866.  The  great  fault  crossing  the  area  from  Tycho  is 
not  included. 

The  number  of  series  of  observations  of  the  moon's  surface  as  described  in 
the  last  Report  (Report,  1865,  p.  303),  now  amount  to  490.  The  progress  of 
the  actual  work  as  regards  the  registration  of  the  objects  observed,  and  others 
of  a  conspicuous  character  on  the  moon's  surface  during  the  past  year,  is 
shown  in  the  following  digest. 

At  the  Bath  Meeting  386  objects  were  symbolized  and  registered ;  at  the 
Birmingham  Meeting  785 ;  and  at  the  Nottingham  Meeting  1321 ;  of  these 
53*3  were  symbolized  and  registered  in  the  fifty  weeks  between  the  Meetings 
of  the  Association  at  Birmingham  and  Nottingham. 
The  1321  objects  are  disposed  over  the  moon's  surface  as  follows : — 

396  on  70  areas  in  Quadrant    I. 
346   „  86  *    „     „        „  II. 

163  „  53      „     „        ,,        III. 
416   „   62      „     „        „         IV. 
Total  1321     271  areas*  on  the  moon's  surface. 

Previous  to  the  Meeting  at  Birmingham,  the  regions  and  groups  that 
had  been  the  subjects  of  special  observation  were : — On  Quadrant  I.  the  rill 
system  of  Triesnecker ;  the  great  rill  of  Ariadaeus ;  the  Plain  of  Dionysius ; 
the  walled  formation  Posidonius,  and  the  Mare  Crisium,  especially  the  craters 
on  its  surface.  (See  Report,  1865,  pp.  292,  293.)  On  Quadrant  II.  the 
Teneriffe  Mountains,  Plato,  and  its  neighbourhood,  and  the  valley  J.  J. 
Cassini.  On  Quadrant  III.  the  walled  plain  Gassendi,  and  the  tableland 
"  Terra  Photographica  "  (Do  La  Rue) . 

The  extension  of  the  Register  by  the  addition  of  536  objects  during  the 
put  year,  has  reference,  first,  to  the  symbolization  of  points  of  tho  first 
order.  Beer  and  Madler  have  expressed  these  points  in  their  list — which  1 
have  of  course  followed — too  vaguely,  and  it  requires  some  searching  in  the 
topographical  part  of  '  Der  Mond '  to  find  the  exact  object  intended.  By 
appending  the  symbol,  as  I  have  done  in  Appendix  I.,  when  the  Register  is 
sufficiently  advaneed  for  publication  in  a  consecutive  from,  the  identification 
of  each  point  will  bo  easy.  Second,  the  mapping  out  of  the  areas  IYA*, 
IVA0,  IV A*,  IV A?,  IVA*,  and  IVAe,  has  necessarily  involved  the  symboliza- 
tion of  the  objects  on  this  part  of  the  moon,  so  that  to  the  above-named  regions 
that  of  Hipparchus  and  its  neighbourhood  may  now  be  added. 

*  The  reader  will  find  a  description  and  symbolization  of  these  areas  in  the  Beport  of 
tbe  Lunar  Committee  presented  at  Birmingham,  (Beport,  1865,  p.  287  et  teq.) 
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Appendix  I. 
Points  of  the  First  Order. 


Quadrant  I. 


Zone. 


Symbol 


Name. 


LaLN. 


Long.  W. 


X*. 


I. 
I. 
1. 
I. 

lit 
V. 

v. 
v. 

VII. 
VII, 
VII. 

IX. 

XI. 

XI. 

XI. 

XI. 
XIII. 
XIII. 
XVII. 
XVII. 
XVIL 
XVII. 
XIX. 
XXIII. 
XXIII. 
XXIII. 
XXV. 
XXV. 


D*1  !  Schubert  A 

B«>  iMaskeljne 

A'6     Dionjsins  

AyS    Ajrippa -.. 

B»*  !  Tarantiot   


C°*  Hansen  A  

At*  Manilius 

C*>  Picard 

A»*  Plinins    

B»*  Prodnt  

Bp8  VUnmus    

A**  Conon 

F7*  Romer    

F»*  .LeMonnierA 

B*1  Linn* 

G«a  CleomedesA.. 

Fv«  PosidonituA  .., 

EC4  AristUlns    

E»*  J  CassiniA    

F»»  CepheusA..... 

G»s  !  Strove  B 

F»»  Burg  , 

F*3    Hercules 

LC3  J  Endyniion  G  .., 

I*«  AristotelisC  ... 


Archytas 

Tbales 

Democritus 


*  *7  4* 
a  3«  3« 

*  50  55 

4  4  16 

5  40  10 

13  17  19 

14  26  54 

»4  *7  44 

15  17  20 

16  9  8 

17  36  10 
21  31  17 
25  iS  51 
25  59  30 

*7  47  >3 
28  23  58 

3i  35  39 
33  45  *7 
40  22  44 
40  59  20 

43  *<>  "4 

44  57  9 
46  23  22 

56  28  30 

57  **  3 

58  24  1 

61  58  24 

62  8  21 


74 

8 

53 

11 


77  «5  5' 
*9  34  5« 
17  8  40 

10  22  13 

45  5*  *4 
o  8 
4656 

S*  f 
23  28 

31  34 

31  2  5 

1  57  18 

36  19  6 

29  3  50 

11  32  28 

54  17  *5 

29  7  24 

1  o  42 

4  «  55 

45  39  4* 

64  47  4 

»7  31  57 

38  23  26 

54  18  *6 

*3  33  4* 

4  13  3 

49  »*  *3 

33  30  « 


•04295 
•04409 
C4970 
•07099 
•09879 
•22985 
*4949 
•*4974 
•26369 
•27819 
•30229 
•36689 
•4*758 
*43*H 
•46618 

*4756* 
•52389 

•555*7 
•64784 
•65592 
•68629 
•70651 
•72405 
•83364 
•84*77 
•85173 

•88273 
•88406 


"97449 
4933a 
•*944* 
•17955 
•71550 

•935*3 
*14**4 
•7820$ 

•3***7 
•69704 
•49165 

•*3«73 
•53540 
43665 
•J7«97 
"7«4*7 
"4*455 
•0146S 
•0551a 
•539** 

•3*714 
•4**34 
44*56 
'215 16 

o3*54 
•35573 
*5797 


Quadrant  II. 
Lat.N. 


Long.  B. 


I. 

11  At! 

III. 

II  c^ 

111. 

IIA5i 

III. 

nBt* 

HI. 

iidC* 

III. 

II  A4  * 

V. 

nAr* 

VII. 

II  B»* 

IX. 

nA  . 

IX. 

11  c«* 

IX. 

11  bJ2 

IX. 

II B* 

XI. 

II  Bj? 

XI. 

no1* 

XI. 

XIII. 

XIII. 

XIII. 

nE*1 

XVIL 

iifp» 

XVI 1. 

IIGW| 

XVII. 

Uf9« 

XIX. 

HE*1* 

XXI. 

UK** 

XXV. 

1IL"S 

XXVII. 

III'1 

GambartA..., 

Reiner    

Bode  , 

Kepler    

Olbcrs 

Copernicus..., 
Eratosthenes 
T.  Mayer    .... 

Pytheas  

Seleucus 

Euler 

Aristarchus  . 
Timocharis..., 

La  Hire 

Delisle 

Wollaston  .... 
Lichtenberg  . 

Carlini    , 

Heraclides  .... 

Harding 

Laplace  A  .... 

Pico    

Harpalus  .... 
Pythagoras  A, 
Epigenes  II    . 


0  50  30 

18  45  12 

•01469 

6  30  37 

54  43  4i 

•"335 

6  37  54 

2  30  48 

"549 

7  46  *3 

37  4*  1* 

13520 

7  55  «6 

77  3*  3i 

-*37*i 

9  *°  57 

19  55  48 

•16245 

14  25  46 

11  32  11 

•24919 

15  32  30 

28  49  4» 

•26704 
•345*6 

20  14    3 

20  34  13 

20  54  21 

65  48  19 

•356*3 

«  57  5i 

28  56  59 

•39016 

23  17  17 

47  **    9 

"39536 

26  42  44 

1*  59  44 

•4495" 

27  18  25 

25     9  40 

45875 

29  59  *° 

34  47  57 

•499*4 

30  17  15 

46  54  14 

•50434 

31  25  20 

67     5     3 

•5*134 

33  «  45 

24    0  46 

5  5°' 7 

41     7  46 

34    1  *5 

•65776 

43     8  4i- 

70  52  10 

•68385 

43  16  21 

26  33  33 

•68545 

45  *8     7 

9  »»  3> 

•71287 

52  28  41 

43  36  20 

•79310 

63     3  44 

61  36  45 

•89150 

67  53  30 

10  31     0 

•92647 

•32IJ* 
•81 I 15 

•04356 
•60597 
•96729 

•33034 
•1936s 

$» 

•85211 

•445«7 
•67397 
'20086 
•37777 
•49430 
•63052 
•78601 
3398* 
•4*i44 
•68933 

3*558 
•1 1223 
•42005 

•39854 
06869 
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Quadrant  III. 

Lat.  S.        Long  E. 


Zone. 


Symbol. 


Name. 


Lat.  N. 


Long.  W. 


X*. 


II. 
II. 
II. 
II. 
IV. 
IV. 
IV. 
VI. 
VI. 
VIII. 
VUI. 

X. 

X. 

X. 

X. 

X. 

XIL 

XII. 
XIV. 
XIV. 
XIV. 
XIV. 
XVIII. 
XVIII. 
XVIII. 

XX. 

XXII. 

XXIV. 

XXIV. 

XXVIII. 


niBa* 
mAf* 
niB*1 
met1 
mAt* 
met1 
mA'a 
niAA3 
hib01 
me*1 
inB'* 

IHAS 

mc* 
niAxf 
hid*1 
rac*1 

HIE** 

niFaf 
hif" 
niB** 
iiif** 

IIIG*1 

mFvl 
mE'* 
hif»> 
mEx« 
ini^> 
ini? 


Landsberg .... 

Lalande 

Flamsteed  .... 
Grimaldi  A.... 

Henchel 

Eaclidci 

Parry  A 

AlphonsusA  . 

BiUy  

Cruger    

Gassendi 

Bullialdna  .... 
EichstSdtB  . 
ThebitA  .... 
Eicbstadt  .... 

Byrgius 

HenodniB  . 
Campanni .... 
Vitello    ....... 

Hell    

Ramsden  .... 
Fourier  B   .... 

Drebbcl 

Tycho 

HaiozelA  .... 
MaginusA.... 
Phocylidea  E  . 
ClaviusO  .... 
ScheinerA.... 
Moreioa 


29  51 

20  3 

30  48 

54  *7 
37  6 
10  21 
19  44 
59  « 
59  45 
45  37 

55  40 
*5  56 
3*  15 
17  34 

39  1 

21  43 
50  26 
36  50 

o  26 
5*  59 
25  4$ 

40  50 

47  *i 
52  19 

59  *6 

57  17 
34  4* 
16  47 

58  26 
45  *5 


*6  33  49 
8  44  *3 

44  12    8 

70  53  28 
*    9    7 

*9  1S  47 

15  39  40 
3  '4*8 

49  57  40 
66  40  15 

39  3x  37 

22     6  11 

70  27  9 

5  47  8 

77  17  7 
63  30     5 

16  59  35 
27  27  1 
37     8  26 

8  19  54 
3i  4i  55 
56  49  40 

48  ia  39 
11  52  25 

*9  H  45 

7     5  50 

55  34  35 

14  40  26 

26  36  13 

7    8  38 


00868 

•07557 
•07864 

•08555 
•09789 
12485 
'16210 

•22477 
•24185 
•28836 
•29117 
•34910 

•35054 
•36312 
•36894 

•4«77 
•45x50 
•46351 
•50010 
•52967 
•53627 

53996 
•65328 
•68036 
•68187 

7*553 
•81493 

•8413* 
•86580 
•93823 


.44716 
•15151 
•69502 
•94141 
•03737 
•48500 
•26638 
•05500 
•74288 
•87925 
•60885 

'& 

•09392 
•90665 
•81515 
•26077 
•40847 
•52264 
•1 229 1 

•44351 
•70451 

"56449 
•15079 
•35839 
•07949 

•47807 

•13693 
•22407 

•04303 


Quadrant  IV. 
Lat.  S. 


Long.  W. 


11. 

IV  Bf1 

11. 

IVA" 

II. 

IVB€| 

IV. 

IV  V** 

IV. 

TV  C*1 

IV. 

IV  c»l 

w. 

IVBtl 

VI. 

rvArI 

VI. 

IVBA1 

VI. 

IV  AA» 

VL 

IVAtfl 

X. 

IV  C*1 

X. 

IV  A-8 

X 

IVC*S 

XII. 

IVE*1 

XII. 

IVF*» 

XIV. 

rvB*a 

XIV. 

IV  G'* 

xvni. 

IV  FT* 

XVIIL 

IV  E"* 

xvni. 

IVGrI 

XX. 

IVF** 

XXVI. 

IV  K*1 

Censorinns 

Delambre  

Messier  

Oapella  

Langrenus 

LapeyrouseA.. 

Goclenius  

Dollond 

Theophilus 

Albategnins    .. 

CyrillusA 

Biot 

Sacroboseo  A.: 

PetaviusA 

Werner  

Piccolomini    .. 

Lindenau    

FnmeriusA    .. 

Fabricius 

MaurolycusA.. 

Vega  A   

PitiscurA  

Mutus 


26  35 

5*  55 
32  41 

22  29 

23  20 
5846 

H  59 
21  3 
21  20 

30    3 

20  16 

42     5 

38  5« 

45  4* 

10  50 

52     6 

6    4 

8     o 

23  20 

56  54 

58  43 

6     5 


32  21  31 

'7  15     9 

47  9  »* 
34  4*  14 
60  34    9 

73  5*  4i 
44  *7  * 
14  11  53 
26  18  16 

3  58  13 
22  41  20 

50  4  *4 
'5  4o  55 
59  15  48 
2  58  10 
31  3S  ** 
24  29  31 

57  51  5* 

40  46  o 

'3  4o  47 
68  44  o 
29  3*  49 
29  21  50 


•00773 
•03120 
•03458 
•13»30 
•14561 
•16313 
•17329 

"17794 
•19682 
•19689 
•25346 
•38007 
•40197 
•41733 
•46580 
•48756 

•5*797 
•54612 
•67086 
•68 694 
•70646 
•76581 
•89181 


•535*o 
•*9*44 
73*74 
•56582 
•86165 

•94779 
•68970 
•24136 

•43447 
•06788 

37657 
•70932 

•*4749 
•781 1 1 

•04584 

•45519 
•35206 
70937 

484*4 
•17186 

•65955 
•31712 
•22183 


la  the  last  Report  (Report,  1865,  p.  295)  will  be  found  an  explanation  of  tbe  coordi- 
nate* X  tad  Y,  with  the  formulae  for  computing  them  when  the  position  of  the  object  on 
to*  mooa't  surface  has  been  determined. 
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Addenda  to  Appendix  I. 

Beer  and  Madler,  with  the  view  of  determining  the  position  of  the  north 
pole  of  the  moon,  ascertained  by  measures  of  the  First  Order,  direct  and 
differential,  the  latitudes  and  longitudes  of  the  following  points  (all  moun- 
tains):— Euotemon  o  and  3,  Gioja  y,  three  with  high  northern  'latitudes  and 
west  longitudes  considerably  exceeding  90°,  Anaxagoras  &  within  5°  of  the 
pole  and  108°  east  longitude,  and  Gioja  a  within  2°  of  the  pole  and  7°  east 
longitude ;  the  last  comes  within  the  orthographical  projection  mean  titra- 
tion, the  others  are  not  visible  in  mean  libra tion.  The  drawing  of  these  and 
neighbouring  points  (without  the  parallel  and  declination-circles)  forms 
Table  I.  of  Beer  and  Madler'B  '  Beitrage  zur  physischenKenntniss  der  himm- 
lischen  Kbrper  im  Sonnensysteme.'  The  observations  and  results  are  recorded 
on  pp.  66  and  67.  The  best  time  for  comparing  the  drawing  with  the  moonk 
when  she  has  high  south  latitude. 

Lat  Long. 

Euctemon  e 78    1  46  N.  126  37  35  W. 

.     EuctemonS 83  16  27  K  118    0  40  W. 

Gioja  y 86  44  33  N.  174  46  33  W. 

Anaxagoras  i  ....  ..  85  24    ON.  108  14  35  E. 

:Giojaa. 88    4  41  tf.  7    2     9  E. 

Appendix  II. — Determination  of  Points  op  the  First  Order, 
Explanation  of  Terms  used  in  (his  Appendix. 

Libration  nr  latitude  arises  principally  from  the  northern  and  southern 
parts  of  the  lunar  globe  coming  alternately  into  view  in  consequence  of  die 
inclination  of  the  plane  of  the  moon's  orbit  to  that  of  the  ecliptic. 

Ltbbation  in  longitude  arises  from  the  same  hemisphere  of  the  moon 
being  constantly  directed,  not  towards  the  earth,  but  towards  the  other  focus 
of  the  elliptic  orbit  of  the  moon,  in  consequence  of  which,  while  the  moon 
describes  the  perigean  portion  of  her  orbit,  the  first  meridian,  from  which 
all  selenographical  longitudes  are  reckoned,  is  gradually  transferred  from 
west  to  east.  The  same  meridian  is  transferred  from  east  to  west  during  the 
period  that  the  moon  describes  the  apogean  part  of  her  orbit.  The  same 
hemisphere  being  directed  always  towards  the  other  focus  of  the  elliptic  whit, 
is  the  result  of  the  uniformity  of  the  rotation  of  the  moon  on  her  axis. 

Geocentric  latitude  ajtd  longitude  of  the  moon's  centre  is  the  latitude 
and  longitude  of  the  moon's  centre  as  seen  from  the  earth's  centre  reckoned 
from  and  on  the  ecliptic. 

Seleicocentrio  latitudes  and  longitudes  are  latitudes  and  longitudes  of 
points  on  the  moon's  surface  as  seen  from  the  centre  of  the  moon.  Lati- 
tudes are  reckoned  from  the  moon's  equator,  and  longitudes  are  reckoned 
on  the  moon's  equator  from  the  point  at  which  the  moon's  equator  intersects 
the  ecliptic.  This  point,  which  is  the  ascending  node  of  the  moon's  equator, 
is  rigorously  identical  with  the  descending  node  of  the  moon's  orbit. 

Selenqoraphical  latitudes  and  longitudes  are  the  latitudes  and  longi- 
tudes of  points  of  the  moon's  surface  reckoned  as  on  the  earth's  surface 
from  the  equator  of  the  moon  and  the  first  meridian.     See  fig.  6,  p.  228. 

General  Principles. 

1.  The  great  importance  of  augmenting  the  number  of  points  of  the  first 
order — for  the  purpose  of  mapping  the  surface  of  the  moon  on  a  large  scale, 
and  more  especially  for  drawing  up  monograms  of  special  portions  on  a  still 
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larger  scale,  In  each  of  which  there  should  he  a  point  of  the  first  order- 
being  apparent,  this  Appendix  contains  a  form  of  computation  based  on 
Encke's  method,  and  modified  from  Lohrmann's  and  Beer  and  Madler's 
works,  and  as  libration  enters  as  a  necessary  element  into  the  calculation,  it 
is  preceded  by  an  investigation  of  libration  in  latitude  and  longitude.  Ear 
the  MS.  from  which  the  greatest  part  of  this  investigation  is  taken  I  am  in- 
debted to  A.  C.  Banyard,  Esq.,  of  Cambridge.  I  must,  however,  remark  that 
the  formulae  are  derived  from  the c  Berliner  Astronomisohes  Jahrbuch  fur'1843.* 

2.  The  investigation  of  libration  consists  of  three  parts,  vir.,  that  of  the 
angle  0,  or  the  angle  which  the  meridian  passing  through  the  middle  of  the 
moon's  apparent  disk  makes  with  the  circle  of  declination ;  that  of  libration 
in  latitude  and  that  of  libration  in  longitude.  Tlje  meridian  passing  through 
the  middle  of  the  apparent  disk  should  be  carefully  distinguished  from  the 
first  meridian  on  the  moon's  surface,  from  which  all  selenographical  longi- 
tudes are  reckoned  both  east  and  west 

3.  It  will  greatly  assist  in  the  conception  of  libration  if  the  following 
principles  be  borne  in  mind. 

Three  planes  being  supposed  to  pass  through  the  moon's  centre,  vis.  the 
plane  of  the  moon's  equator,  the  plane 
of  her  orbit,  and  a  plane  parallel  to  the 
plane  of  the  ecliptic,  the  last  will  lie 
between  the  others,  and  will  intersect 
them  in  the  line  in  which  they  in- 
tersect each  other. 

In  consequence  of  this  law  the 
tagitude  of  the  ascending  node  of  the 
moon's  equator  on  the  ecliptic  always 
differs  by  180°  from  the  longitude  of 

the  ascending  node  of  the  orbit.    The  inclination  of  the  moon's  equator  to 

the  ecliptic  is  1°  32*  9",  the  inclination  of  the  plane  of  the  orbit  is  about  5°  9'. 

Investigation  of  the  angle  G. 

4.  Conceive  the  moon's  centre  to  be  the  centre  of  the  celestial  sphere. 

Fig.  2. 

j»  Moon's  Pole. 


Earth's  Pole. 


Fig.l. 
Moon's  Orbit 


**on's  JEqud 


In 


Mootf* 


mEquator. 


%  2,  P  is  the  pole  of  the  moon's  equator,  Nt  p  m  the  moon's  equator,  y  JSX  e 
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k  the  great  circle  parallel  to  the  earth's  equator,  t  its  pole,  Y*  N2  e  is  the 
great  circle  parallel  to  the  plane  of  the  ecliptic. 

5.  In  the  spherical  triangle  T  Nt  N2  the  angle  N2  T  N2=«  the  obliquity 
of  the  ecliptic,  the  angle  V  N2N1=sI,  the  inclination  of  the  moon's  equator 
to  the  ecliptic,  and  V  N2=  8 ,  the  longitude  of  the  ascending  node  of  the 
moon's  equator. 

This  last  quantity  is  obtained  by  adding  180°  to  the  longitude  of  the 
ascending  node  of  the  orbit  given  in  p.  242  of  the  '  Nautical  Almanac.'  If 
the  sum  exceed  a  whole  circumference,  360°  must  be  subtracted. 

6.  Let  the  angle  N2  Nt  <?=i,  the  inclination  of  the  moon's  equator  to  the 
earth's  equator,  which  is  equal  to  the  arc  m  e  or  P  t. 

7.  Let  T  N,=j  Q\  the -distance  from  the  first  point  of  Aries  of  the 
ascending  node  of  the  moon's  equator  on  the  earth's  equator,  or  the  right 
ascension  of  the  ascending  node  of  the  moon's  equator  on  the  earth's  equator, 
and  Nj  Na= A,  the  arc  between  the  two  nodes  on  the  moon's  equator,  or  the 
arc  on  the  moon's  equator  from  its  ascending  node  on  the  earth's  equator  to 
its  ascending  node  on  the  ecliptic. 

Then,  by  known  formulae  in  spherical  trigonometry, 

cosJ_(a^1I)         8  *  sin  j  (a,-I)         8 

tanA*coBi(-+I)        "8'    tanB"rini(«+I)tiI1  2, 


sin 


l-^F3"!'  *-*+*  »•-*-*• 


These  are  the  formulae  for  calculating  the  values  of  i  A  and  Q'  given  on 
p.  x  of  the  '  Nautical  Almanac' 

8.  Let  *,  fig.  2,  be  any  point  in  the  celestial  sphere,  of  which  the  posi- 
tion is  given  by  the  selenocentric  longitude  1,  reckoned  from  T  to  N?,  and 
then  along  the  moon's  equator  to  p,  and  by  the  selenocentric  latitude, 
<rp=z$x.  Also,  let  the  coordinates  of  the  same  point  referred  to  the  plane 
parallel  to  the  earth's  equator  be  TTff=a,,  and  or  o=>Zv  and  let  the  angle 
P»ir=C'  ;  then  in  the  triangle  P*  e,  Pir=i,  P*=90°—  flf  w  mlXF-ip 
the  angle  t  P  <r=90o-N12>=90°-  (Nti>+N1N1)-=  90°-  (1-8+A) 
{ v  r  Na=  8  },  and  the  angle  P  x  <r=180*-sr  c^lSO0— (90°-ll  w)=9G° 
+Nlw=90°+a1-8'l{vrNl=:8'}.    Hence 


sin  C'_ sin  (90°-(l/—  8  +  A))|    cos  (1,—  8  +A) 
suTT*2  sin  (90°— ix)         ""  cosJ1       ' 


or 


sin  g    sin  (90°+*,—  8 ')._C08 (at-  Qf) 
sin  i  ~"      sin  (90°—^)  cos  ^ 

9.  The  equations  in  section  8  relative  to  the  angle  C  are  general,  the* 
point  v  not  having  been  defined.  If,  however,  we*  suppose  that  o-  and  *, 
represent  those  points  on  the  moon's  surface  that  are  cut  by  the  line  joining 
the  centres  of  the  earth  and  moon,  and  that  <r  is  situated  on  the  hemisphere 
turned  towards  the  earth,  <ri  will  be  situated  on  the  opposite  or  superior 
hemisphere.  Now  ^=the  selenocentric  latitude  of  the  point  r,  and  this  is 
equal  to  the  selenocentric  latitude  of  the  eentre  of  the  apparent  disk,  as  c  is 
in  the  line  joining  the  centres  of  the  earth  and  moon,  but  this  is  equal  to 
the  geocentric  latitude  with  opposite  signs,  i.e.  if  o'ss the  moon's  geocentric 
latitude  fa=  —  &'. 

In  adapting  the  formulae  in  section  8  to  the  position  of  <r,  viz.  towards 
the  earth,  let  a!  and  h'  be  the  moon's  apparent  JR  and  N.P.D.  corrected  for 
parallax,  then  by  the  definition  of  the  point  c,  at  =180° -fa',  £,  =  —b', 
ix=  — $',  and  lt =1 + 180°,  1  differing  from  A,  the  moon's  geocentric  longitude 
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yy  a  small  angle  found  subsequently.    These  substitutioi 
formulas  for  sin  C,  and  changing  C  into  C,  we  have 

sin  C=  —  sin  1  cos =7 — - 

cos  c 

.    .  oos(af— 8') 

■ss  —  sin  1 57 — 'f 

cos  V 

which  are  the  formula?  on  p.  x  of  the  '  Nautical  Almanac '  for  computing  the 
angle  C. 

10.  The  angle  C  changes  sign  with  cos  (a'—  Q ')  and  i,  the  change  of  sign 
of  i  being  due  to  the  motion  of  the  moon's  nodes.  It  does  not  change  sign 
with  the  changes  of  sign  of  tf  and  6'.  It  is  positive  when  the  northern  part 
of  the  circle  of  declination  is  to  the  west  of  the  moon's  meridian. 

11.  In  fig.  3,  from  Lohrmann,  we  have  M  P,  the  moon's  pole ;  E  P  the 

Fig.  3. 

90t 
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earth's  pole ;  M  the  centre  of  the  apparent  disk ;  (M  P)  (E  P)=i  the  inclina- 
tion of  the  moon's  eqnator  to  the  earth's  equator ;  (E  P)  M=p',  the  N.P.D.  of 
the  moon's  apparent  centre  90° +$' ;  (M  P)  M=a,  the  distance  of  the  moon's 
apparent  centre  from  the  moon's  pole=P  *,  fig.  2,  =90°—^  ;  the  angle 
QiP)  (EP)  M=A  the  inclination  of  i  tojp'=90°+a'—  S'  (see  section  8), 
or  27^+  q'— a9  (see  Lokrmann,  'Topographic  der  Sichtbaren  Mondober- 
fliche,'  p.  27) ;  the  angle  (E  P)  (M  P)  M=B  the  inclination  of  i  to  a=90°— 
(',-  0  4-  A)  (see  section  8) ;  the  angle  (E  P)  M  (M  P)=C  the  inclination  of 
P'  to  a  (see  section  8,  angle  P  <r  ir=C'). 

The  formula?  for  computing  the  angle  A  and  the  sides  i  and  p'  are  given 
above.  The  Gaussian  formulas  for  obtaining  the  values  of  B  and  C,  with 
the  side  a  are  as  follows  :— 

tai/TI    n^     cosjAsinHp'-i) <*> 

tani(B-C)=^iABini(//+i)  (2) 

fint-in    —  lA  —  itf-*) (3) 

tani(B+C)=Bin^Aco8i(p,+i)  (4) 

B=J(B+C)+£(B-C)        C=|(B+C)-HB-C), 
1860.  .  ~*(B-°) 
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These  formulae  are  employed  in  the  following  computations  for  determin- 
ing the  angle  C  and  points  of  the  first  order. 

Investigation  of  Libration, 

12.  In  mapping  the  surface  of  the  moon  the  orthographical  projection  L> 
used  in  which  the  centre  is  characterized  by  0°  of  latitude  and  0°  of  longi- 
tude. This  point,  of  course,  is  that  in  which  the  moon's  equator  and  first 
meridian  intersect  each  other.  We  have  consequently  to  deal  with  two  points, 
<r  or  the  centre  of  the  apparent  disk,  which  is  the  only  point  recognised  in 
the  computations  of  libration,  and  the  point  of  intersection  of  the  first  meri- 
dian and  the  equator.  These  points  coincide  only  when  the  line  joining  the 
centres  of  the  earth  and  moon  passes  through  the  centre  of  the  apparent  dkk 
in  mean  libration,  which  occurs  in  periods  of  2*997  years. 

13.  Atany  other  epoch  than  that  of  mean  libration  the  point  r  is  removed 
more  or  less  from  the  point  of  intersection  of  the  equator  and  first  meridian, 
consequently  as  a*  is  the  only  point  of  the  moon's  surface  turned  towards  the 
earth  to  which  the  computations  of  libration  refer,  libration  in  latrtode=the 
selenographical  latitude  of  the  apparent  centre,  and  libration  in  longitudes 
the  selenographical  longitude  of  the  same  point. 

14.  When  the  moon  passes  the  ascending  node  as  seen  from  the  centre  of 
the  earth,  the  moon's  equator  appears  as  a  straight  line  on  the  apparent  disk, 
and  may  be  thus  represented  on  the  orthographical  projection.  libration  in 
latitude  then=0°.  As  the  moon  passes  from  the  ascending  node  to  the 
greatest  north  latitude,  the  southern  parts  of  the  moon  come  into  view,  and 
the  equator  is  projected  on  the  apparent  disk  as  the  lower  segment  of  » 
narrow  ellipse,  as  given  in  an  inverting  telescope.  All  the.  appearances  de- 
scribed in  tiiis  Appendix  are  inverted,  lower  for  upper,  Ac  The  east  limb  or 
margin  of  the  moon  is  seen  in  the  telescope  opposite  to  the  right  hand.  The 
greatest  libration  in  latitude  =  the  moon's  latitude  +  the  inclination  of  & 
moon's  equator  to  the  ecliptic  a  6,  fig.  1,  p.  223.  Were  the  moon  a  transpareet 
globe  and  the  equator  marked  on  it,  the  equator  would  be  seen  as  a  long, 
narrow  ellipse,  widening  and  closing  up  between  the  passages  of  the  nodes,  so 
that  at  the  passage  of  the  descending  node  the  libration  is  again  =  0°. 

Kg.  4. 


The  same  phenomena  take  place  as  the  moon  describes  the  portion  of 
her  orbit  south  of  the  plane  of  the  ecliptic,  but  in  the  opposite  sense,  the 
northern  parts  coming  into  view.  From  this  it  will  be  seen  that  libration  in 
latitude  changes  its  sign  every  lunation  at  the  passages  of  the  nodes. 
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15.  To  calculate  the  librations  of  the  centre  of  the  apparent  disk,  it  will  be 
necessary,  first,  to  determine  the  selenocentric  coordinates  of  the  point  0*,  as 
referred  to  the  great  circle  V  Na  c,  fig.  2,  parallel  to  the  plane  of  the  ecliptic. 

In  fig.  5  let  the  angle  at  N2=I,  the  inclination  of  the  moon's  equator 
to  the  ecliptic,  Na  m,  as  before,  fig.  2,  representing  an  arc  of  the  moon's 


equator,  and  Na  G  (e  fig.  2)  an  arc  of  the  ecliptic.  As  the  arc  NaM  is  the  pro- 
jection on  the  ecliptic  of  the  arc  subtending  the  angle  at  the  moon's  centre, 
contained  between  a  line  parallel  to  the  nodal  line  and  the  line  joining  the 
centres  of  the  earth  and  moon,  it  must  be  equal  to  the  difference  of  the  geo- 
centric longitude  of  the  moon  and  the  longitude  of  the  ascending  node  of  the 
moon's  equator  Q.  Let  .•.  X  be  the  moon's  geocentric  longitude,  then 
NaM=X—  8 .  Let  A'  be  an  arc  measured  from  V  to  Na,  fig.  2,  and  then 
from  N,  to  L",  fig.  5,  so  that  Na  L"= A'-  8 ,  and  L'^J-A'  {  v  I  is  also 
measured  from  T}.  Also  let  L"  M=B',  the  arc  subtended  between  the 
moon's  equator  ana  the  ecliptic,  of  which  the  greatest  value =1°  32*  1",  and 
the  angle  NaL"  M=0,  the  inclination  of  A'—  8  to  B' ;  then  by  the  right- 
angled  spherical  triangle  L"  Na  M  we  have 

tan  (A'-  8 )=±tan  (X—  8  ),  seo  I, 

tan  B'=sin  (X—  8)  tan  I, 

cos  0= cos  (X—  8  )  sin  I=a',  in  the  '  Nautical  Almanac,' 

sin  0=?^_,  and  by  the  right-angled  spherical  triangle 

L"  vp,  putting  /3,  the  geocentric  latitude  of  the  centre,  for  a-  M, 

tan  (J-A')=cos  0  tan  (/S-B'), 
sin  ^sssin  6  sin  (0— B'). 

Formula!  for  Libration  in  Latitude. 

16.  libration  in  latitude,  or  the  selenographical  latitude  of  the  centre  of 
the  apparent  disk,  is  equal  to  the  angle  subtended  between  the  point  <r,  the 
centre  of  the  apparent  disk,  and  the  point  p  the  abscissa  on  the  moon's 
equator,  to  which  it  is  referred,  so  that  <rp  is  equal  to  the  perpendicular 
dropped  from  the  centre  of  the  apparent  disk  upon  the  moon's  equator.  This 
angle  is  equal  to  the  distance  of  the  moon's  apparent  centre  from  the 
moon's  pole,  minus  90°,  and  is  consequently  equal  to  0°  when  the  moon  is 
a  either  node. 

.  17.  As  —h'=z$  (see  section  9),  it  follows  that  6'scB'— 0,  for  ^,  or  0— B' 
(u  e.  vfi)y  i3  the  libration  in  latitude  apart  from  its  Bign.  As  ^  is  positive 
▼hen  the  point  a,l  (see  section  9)  is  above  the  moon's  equator  (for  which 
j==X  nearly),  it  will  in  the  same  case  be  negative  for  the  point  9  (see  seotion 
?)  (for  which  ^=:X+180o  nearly),  but  in  the  case  supposed  the  libration 
^  latitude  is  negative ;  hence  if  &'=  this  libration,  &'=  —  ^=:B'— /3,  which 
fc  the  expression  in  the  '  Nautical  Almanac.' 

q2 
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Lohrmann  (Topographie  der  Sichtbaren  Mondoberflache,  p.  27)  giro 
6'=  (a— 90°),  a  being  equal  to  the  distance  of  the  moon's  apparent  cento 
from  the  pole  (see  section  11).  This  formula  is  employed  in  the  following 
computations  for  determining  points  of  the  first  order. 

Since  the  greatest  value  of  B'  is  about  1°  32',  and  the  greatest  value  ci 
/3  about  5°  5',  it  follows  that  6'  must  change  sign  in  each  lunation  (see  a 
tion  14). 

Investigation  of  Librarian  in  Longitude. 

18.  Libration  in  longitude,  or  the  selenographical  longitude  of  the  appa- 
rent centre  of  the  disk,  is  equal  to  the  angle  formed  at  the  moon's  pok 
between  the  first  meridian,  or  that  from  which  all  selenographical  longi- 
tudes are  reckoned,  and  the  circle  of  latitude  (Moon's  pole  o-p  L  in  fig.  6 1 
passing  through  the  apparent  centre  of  the  disk.    This  angle  is  equal  to  the 


selenocentric  longitude  of  the  apparent  centre  of  the  disk,  reckoned  on  the 
moon's  equator  from  the  ascending  node  of  the  moon's  equator  on  the 
ecliptic  (which  is  equal  to  the  longitude  of  the  ascending  node  of  the  orbit 
+  180°),  minus  the  distance  of  the  first  meridian  from  the  same  point  (see 
fig-  6),  where  8  (Na  fig.  2,  p.  223)  represents  the  ascending  node  of  the 
moon's  equator  on  the  ecliptic,  L  the  selenocentric  longitude  of  the  apparent 
centre  <r,  and  L'  the  distance  of  the  first  meridian  from  Q ,  or  its  seleno- 
centric longitude.  The  distance  of  the  first  meridian  from  the  ascending  node 
of  the  moon's  equator  on  the  ecliptic  is,  from  the  uniformity  of  the  moon's 
rotation,  at  all  times  equal  to  the  moon's  mean  longitude,  minus  the  longi- 
tude of  the  ascending  node  of  the  orbit,  or  plus  the  supplement  of  the  longi- 
tude of  the  ascending  node.  Libration  in  longitude  vanishes  when  the  moos 
is  in  the  line  of  the  apsides. 

19.  When  the  moon  passes  the  point  of  perigee,  the  first  meridian,  0°, 
of  selenographical  longitude  appears  as  a  straight  line,  which  cuts  the  centre 
of  the  apparent  disk.  libration  in  longitude  then  =  0°.  Should  the  passage 
of  the  perigee  coincide  with  that  of  either  node,  the  first  meridian  is  pro- 
jected at  right  angles  to  the  equator,  also  a  straight  line ;  and  the  apparent 
disk  is  in  a  state  of  mean  libration,  and  may  be  represented  on  the  ortho- 
graphical projection,  subject  to  the  necessary  distortion  in  the  regions  tboot 
the  limb. 
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The  distortion  on  the  orthographical  projection  arises  from  the  greater 
foreshortening  of  objects  near  the  limb,  as  seen  from,  the  earth,  than  the 
true  orthographical  projection  will  represent. 

20.  During  the  passage  of  the  moon  from  perigee,  at  which  point  her 
motion  is  quickest,  to  apogee,  where  it  is  slowest,  the  motion  in  her  orbit 
is  dower  from  day  to  day,  while  her  motion  in  rotation  continues  uniform ; 
the  consequence  is,  that  while  passing  from  perigee  to  mean  distance  the 
first  meridian  is  transferred  eastwardly  (see  fig.  7),  which  is  inverted,  where 
E"  represents  the  earth,  W  P  E  o  the  moon's  equator  when  she  is  in  perigee, 
o  being  its  intersection  with  the  first  meridian,  W  o'  E'  the  segment  of  the 

Fig.  7. 


moon's  equator  presented  to  the  earth  at  a  given  distance  from  perigee,  c  o\ 
a  radius  from  the  moon's  centre  to  the  first  meridian,  the  angle  E"co'= 
the  quantity  gained  by  the  axial  over  the  orbital  motion = the  difference 
between  the  moon's  true  and  mean  longitudes  nearly = lib  ration  in  longi- 
tude, by  which  the  western  portions  come  into  view,  and  the  first  meridian 

Fig.  8 
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is  projected  as  a  curve  east  of  the  centre  of  the  apparent  disk.  At  the  point 
of  mean  distance  the  two  motions  coincide  in  value,  but  only  momentarily 
so,  the  greatest  libration  towards  the  east  is  attained,  the  orbital  motioa 
becomes  slower  than  the  axial,  and  the  first  meridian  returns  westwardly, 
attaining  its  mean  position  at  the  passage  of  the  apogee.  In  consequence  of 
the  small  difference  of  the  period  of  the  revolution  of  the  apsides  and  half 
that  of  the  nodes,  the  equator  will  not  appear  as  a  straight  line  across  the 
apparent  disk,  when  the  first  meridian,  returns  to  its  mean  position,  and 
therefore  the  point  of  0°  latitude  will  not  be  found  at  the  centre  of  the  appa- 
rent disk ;  the  divergence  will  be  greater  at  the  end  of  every  period  either  of 
the  passage  of  the  nodes  or  apsides,  increasing  for  a  period  of  about  eighteen 
months,  after  which  the  divergence  will  decrease  during  another  period  of 
eighteen  months,  and  at  the  end  of  three  years  (nearly)  the  state  of  mean 
libration  will  be  again  attained. 

Libration  in  longitude  from  apogee  to  perigee  is  the  opposite  to  that  above 
described,  from  which  it  follows  that  libration  in  longitude  change*  sign 
every  lunation. 

21.  The  mathematical  portion  of  this  investigation  may  be  treated  under 
two  heads,  viz.,  the  method  adopted  in  the  c  Nautical  Almanac,'  and  that 
adopted  by  Lohrmann.  For  the  method  adopted  in  the  '  Nautical  Alm^nfw ' 
we  again  refer  to  fig.  5,  the  reasoning  being  as  follows : — 

Since  I  is  a  very  small  angle,  the  equation  tan  (A'—  8)= tan  (X — 8) 
sec.  I  (see  section  15)  gives  by  a  known  formula  of  expansion  A'=A-f  sin       | 

2(X—  q)  tan9  — ,  the  rest  of  the  terms  being  insignificant.    The  second       j 

™  i 

term  is  AX  in  the  ' Nautical  Almanac.'    Because  I  is  very  small,  and       I 

cos  X 
B'  is  always  less  than  T,  sin  0  or  — g,  will  be  very  nearly  =  to  unity.     Also       i 

because  Z— A',  ^,  and  0— B'  are  all  small  arcs,  we  may  substitute  the  ares        | 
for  their  tangents  and  sines.     Hence 

Z-A'=*cos  0  (/3-B)=a'  (/3-B')  and  ^0-B';  j 

consequently 


,  0  (/3_B)=a'  (/3-B')  and  fy=0-B'; 
Z=X  +  sin  2(X-Q)  tana£+-fc 

=X  +  AX  +  &; 


and  as  the  libration  in  longitude  Z'=Z— Z0,  where  Z0=the  moon's  mean  lon- 
gitude, the  libration  in  longitude=X  +  AX+^  — Z0;  but  since,  as  mentioned 

in  section  9,  — o'  is  to  be  substituted   for  $v   the   expression  becomes 

Z'=X+ A  X— ^r  — Z0,  as  in  p.  x  of  the  « Nautical  Almanac.' 

a' 

22.  Lohrmann,  whose  symbol  for  the  moon's  mean  longitude  is  1,  and 

for  the  libration  in  longitude  is  1',  gives,  in  « Topographie  derSichtbaren 

Mondoberflache,'  p.  28,  the  following  formula  for  computing  the  libration  in 

longitude:  l'=L— L'  (see  section  18  and  fig.  6).     NowL=270°+B— A  and 
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L'=l+supp.  Q  (see  section  18).  For  the  formulae  used  in  computing  B  see 
section  11,  and  for  A  Bee  section  7.  These  formula}  have  been  employed  in 
the  following  computations  of  points  of  the  first  Order. 

The  principal  part  of  the  libration  in  longitude  is  Z— X  (see  section  9), 
which,  besides  changing  sign  in  each  lunation  with  respect  to  east  and  west, 
changes  sign  also  with  respect  to  north  and  south  by  the  motion  of  the  moon's 
apsides. 

Application  of  the  foregoing  investigations  to  the  motion  on  the  apparent  disk 
of  the  point  at  which  the  Equator  intersects  the  First  Meridian. 

23.  It  now  remains  to  inquire  how  the  point  of  intersection  of  the  moon's 
equator  and  first  meridian  will  be  affected  by  the  changes  in  latitude  and 
longitude  which  the  centre  of  the  apparent  disk  is  perpetually  undergoing ; 
for  as  only  the  latitude  and  longitude  of  this  single  point  are  determined  by 
the  formulas  for  computing  the  librations,  we  do  not  appear  to  have  at  pre- 
sent the  means  for  tracing  out  on  the  moon's  disk  the  curves  representing 
the  moon's  equator  and  first  meridian  for  any  other  epochs  than  that  of  mean 
Hbration,  when,  as  before  mentioned,  they  cross  the  disk  in  two  straight  lines 
intersecting  at  the  centre ;  and  this  inquiry  is  perhaps  the  more  important  as 
showing  how  necessary  it  is,  for  accurately  mapping  the  surface,  to  have  good 
determinations  of  points  of  the  first  order.  Taking,  therefore,  the  spot  on 
the  moon's  surface  at  which  the  equator  and  first  meridian  intersect  each 
other,  we  may  inquire  the  path  it  will-  describe  on  the  apparent  disk  during 
the  changes  of  libration  through  one  revolution  of  the  nodes. 

24.  In  fig.  9  let  W  E  N  S  represent  a  small  circle  concentric  with  the  limb  or 
inargui  of  the  apparent  disk  of  the  moon,  WE  being  a  portion  of  the  equator, 

Fig.  9. 


*nd  N  8  of  the  first  meridian  in  mean  libration  at  the  passage  of  the  descend- 
i»|  node  and  perigee  respectively,  and  o  the  point  of  intersection  of  the  two 
\  ?*.  l*tifad*  And  longitude),  and  o'  the  position  occupied  by  the  point  o  by 
the  joint  effect  of  both  librations,  o  E  will  consequently  represent  the  greatest 
excunsion  of  the  point  o  in  longitude,  and  o  8  that  in  latitude,  the  equator 
king  projected  in  the  curve  Jo'q,  and  the  first  meridian  in  co'm.     The 
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displacement  of  o  being  in  the  line  o  o',  the  libration  of  the  centre  of  the  appa- 
rent disk  a  will  be  W  in  longitude  and  N  in  latitude.  It  is  easy  to  see  tint 
the  path  of  the  point  of  intersection  of  the  equator  and  first  meridian,  a  short 
time  before  and  after  the  epoch  of  mean  libration,  will  be  in  a  very  narrow 
ellipse,  the  line  of  o"  being  the  major  axis,  which  does  not,  however,  retain  ite 
position  on  the  apparent  disk,  but  revolves  around  the  central  point. 

25.  This  ellipse  opens  out  and  undergoes  changes  of  form  proportional  to  the 
interval  elapsing  from  the  epoch  of  mean  libration  until  the  epoch  when  the 
greatest  excursion  of  libration  in  longitude  towards  the  east  (of  the  point  of 
intersection  of  the  equator  and  the  first  meridian)  coincides  with  the  passage 
of  the  ascending  node  when  the  equator  is  represented  as  a  straight  Hoe 
across  the  apparent  disk  and  the  first  meridian  by  the  curve  e  E  m  in  fig.  10, 

Fig.  10. 


where  the  libration  of  the  centre  of  the  apparent  disk  is  nothing  in  latitude, 
but  west  in  longitude.  When  the  first  meridian  returns  to  its  normal  posi- 
tion, the  equator  is  represented  by  the  curve  E"  N  q  (fig.  10),  and  the  point  of 
intersection  is  situated  at  o"  (nearly) ;  the  libration  of  the  centre  in  this  case 
is  nothing  in  longitude  but  south  in  latitude. 

26.  At  thiB  epoch,  intermediate  between  two  of  mean  libration,  the  path 
of  the  point  of  intersection  of  the  equator  and  first  meridian  may  be  re- 
presented by  the  four  diagonals,  of  which  o'  o"  (fig.  10)  is  one,  or,  perhaps  more 
correctly,  by  a  wavy  ellipse ;  for  as  the  values  of  the  two  librations  differ  in 
amount,  the  circle  W  E  N  S  is  not  a  true  representation  of  the  excursions  of 
the  intersecting  point  E  and  W,  N  and  S ;  so  when  the  greatest  deviation 
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from  mean  libratdon  occurs,  the  real  path  of  the  intersecting  point  on  the 
apparent  disk  is  a  wide  ellipse,  which  gradually  contracts  to  a  narrow  ellipse 
as  the  epoch  of  mean  libratdon  is  approached-  This  will  be  the  case  propor- 
tionally with  every  point  on  the  apparent  disk,  and  the  displacement  will  be 
in  every  possible  direction  and  at  every  conceivable  angle  with  the  centre  of 
the  apparent  disk.  This  suggests  that  by  far  the  most  effective  mode  of  de- 
termming  positions  on  the  moon's  surface  is  by  measures  for  points  of  the 
first  order ;  for  let  x'  y'  represent  the  measures  in  right  ascension  and  decli- 
nation from  the  east  and  north  limbs  of  the  point  E,  x  and  y  will  be  the 
corresponding  rectangular  coordinates  necessary  to  determine  the  selenogra- 
phies position  when  the  librations  of  the  centre  and  the  other  elements  are 
ascertained. 

Computation  op  Points  op  the  Frasx  Order. 
Measures. 

In  order  to  compute  the  selenographies!  coordinates  of  a  point  on  the  moon's 
surface  (its  latitude  and  longitude),  the  following  measures  are  necessary : — 

Between  five  and  ten  measures  of  the  distance  of  the  point  from  the  illu- 
minated north  or  south  limbs ;  also  from  the  illuminated  east  or  west  limbs  as 
the  case  may  be. 

The  moon's  diameter  in  the  direction  of  the  line  drawn  through  both  cusps, 
which  may  be  assumed  perpendicular  to  the  ecliptic  as  the  moon  seen  from 
the  sun,  departs  at  the  utmost  only  50"  from  the  plane  of  the  ecliptic. 

These  measures  require  to  be  corrected  for  refraction  according  to  the  fol- 
lowing formulae. 

The  measured  diameter  in  micrometer  revolutions,  which  call  D,  is  to  be 

multiplied  by  the  factor  (l+^'^Y  in  which  n'=  the  angle  which  the 

line  of  the  cusps  makes  with  the  vertical  circle  passing  through  the  moon, 
<2r=  the  difference  of  refraction  in  seconds  for  10'  in  the  altitude  of  the  moon 
(within  the  narrow  space  of  the  moon's  disk  the  difference  of  refraction  may  be 
warned  proportional  to  the  difference  of  altitude) ;  dr  may  be  taken  from  the 
*  Connaissance  des  Temps.' 

The  formulae  for  correcting  the  measured  distances  (also  in  micrometer 
revolutions)  of  the  point  from  the  moon's  limbs  are  as  follows : — 
In  the  declination  circle, 

AA .  d r .  cos  n 
26-12x10  ' 
in  the  parallel, 

6h'.dr.Binn9 
25-12x10  ; 
»  representing  the  inclination  of  the  apparent  declination  circle  to  the  ver- 
tical circle  passing  through  moon's  centre,  and  M,  AA'  the  differences  of  alti- 
tude of  the  measured  point  and  the  tangents  at  the  respective  limbs.  When 
southerly  the  correction  is  +  for  heights  and  —  for  depths,  and  the  reverse 
when  northerly. 

Having  obtained  these  measures  and  corrected  them,  the  following  elements 
for  the  tune  of  observation  should  be  taken  from  the  '  Nautical  Almanac.' 

Elements. 
*  =  the  true  right  ascension  of  the  moon. 
I  =s  the  true  declination  of  the  moon. 
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x  ss  the  moon's  equatoreal  horizontal  parallax. 

R=  the  moon's  true  semidiameter  in  seconds. 

The  following  elements,  already  computed,  will  be  found  in  the  '  Nautical 
Almanac/  page  491,  year  1867 ;  489,  year  1868 ;  490,  year  1869 ;  493,  year 
1870. 

i  =  inclination  of  the  moon's  equator  to  the  earth's  equator. 

A  =  arc  of  the  moon's  equator  from  its  ascending  node  on  the  earth's 
equator  to  its  ascending  node  on  the  ecliptic. 

8  '= JR.  of  the  ascending  node  of  the  moon's  equator  on  the  earth's  equator. 

1  =  moon's  mean  longitude. 

For  the  formulae  see  ante,  sect.  7,  p.  224. 

In  addition, — 

p  =  log  of  earth's  radius  at  the  place  of  observation. 

4>  =  latitude  of  the  place  of  observation  corrected  for  the  spheroid. 

&  &s  sidereal  time  of  observation  converted  into  arc. 

Example. 

Taking  Lohnnann's  example,  we  have,  1823,  October  22,  0h  35"  15*,  true 
time  Dresden, 

Theophilus  from  the  N.  limb 48-32 

»  »  E.     „    65*61 

Moon's  semidiameter 38*79=11', 

all  in  micrometer  revolutions  corrected  for  refraction. 

Fig.  11. 

a 


In  fig.  11  let  F  be  the  measured  point,  then  #=»  the  coordinate  in  the 
parallel,  and  y=  the  coordinate  in  the  declination  circle.    Accordingly, 
a?=+16r-82,    y=— 9*53. 

The  values  of  the  above-named  elements  at  the  time  of  observation  were 
as  under : — 


a  =•  50  44  54 
3  =+22  59  22 
n=  0  58  48 
Tt=   0  16  1 


i  =  22  55  34 
A  =  109  38  6 
Q'=  3  30  36 
1  =  57  35  1 
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Latitude  51°  3'  0"  N.,  longitude  0*  45m  40*  E.  of  Paris  Observatory,  from 
whence  0     , 

f  =     50  51  53 

log  p= 9-9991353 
log  (p  sin  f  )=9-8888055 
log(pcosf)=9-7992703 
*=»     34  35  45 

Parallax  in  Right  Ascension  and  Declination. 
The  next  step  is  to  obtain  the  apparent  right  ascension  and  declination  of 
the  moon. 
Also  j/sbN.P.D.  of  moon's  apparent  centre  =90+y,  yN,—  3'S,+ 

A=  inclination  of  i  to  j>'=  90°—  8 ' + a',  or 
=270°+ 8 '-a'. 
Let  a' sb  the  moon's  apparent  right  ascension ; 
?=3  the  moon's  apparent  declination ; 
then  for  a'  we  hare 


tan  (a' -—a)  ss  tan  a' 


P^ff^rinfr-S) 

''». «»»,  pcos^smirW8(g_3)Bn 

I— p  COS  0'  sin  *        fa  _A  C0B  * 


cos  3 

a  i 


50  44  54 
34  35  45 
(«-&)  =  16    9    9 


log  p  cos  0'  9-79927 

log  sin  x  8-23308 

ar.  eo.  log  cos  3  0-03594 

sum  =  806829 

logsin(a-&)     9-44434 

ar.  co.  log(l— n)  0-00491 

sum  =  log  tan  a"  7*51754 


x     pcosjMinjr    8, 
oos3 


log  cos  (a—*) 
sum  =  log  n 

n 
(1-n) 


9-98251 
8-05080 

0-01124 
0-98876 


a 

"a 


For  y  we  have 

tand- 
tany= 


snm  =  a 


0°ll'l3 
50  44  54 

50  56  13 


psin^  sinx 
cos  3 


^poos^sinT  (eo>g„d) 
coed 


X  cob  (a'— a), 


psin^  sinx 
cosd       ' 


■*• 


logpsinf' 
log  sinx 
ar.  co.  log  coed 

sum  «=  log  it 

tan} 
1c 
diff.  as  tan}— fc 


9-88880  log  (tan  »-*)    9-61266 

8-23308  ar.co.log(l-ti)  0-00491 

0-03594    snm  =  log  tan  y 


8-15782 

0*42426 
0-01438 
0-40988 


y 
*90°-y 


961757 

22  30  5$ 
67  29  2 


a' +90°  148  56  1% 
8'  3  30  36 
A    137  25  37 
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UbraUont  of  Centre. 

Haying  found  the  apparent  right  ascension  and  decimation  of  die  moon,  alio 

the  apparent  N.P.D.  of  the  centre,  and  the  angle  A,  we  proceed  to  compote 

the  following  quantities : — 

V  s=  the  selenographical  longitude  of  the  apparent  centre  =  libration  in  longi- 
tude *. 

b'=the  selenographical  latitude  of  the  apparent  centre  =  a — 90°=  fita- 
tion  in  latitudef. 

C  » the  angle  which  the  meridian  of  the  middle  of  the  moon's  disk  lakes 
with  the  declination  circle.    See  section  4  et  seq.,  and  figs.  3  and  1L 
For  the  formula  see  section  11. 


AngUQandV. 


U  11  vtd 
ip'  33  44  31 
£A    68  42  48-5 

log  cos  i  A  955996 

logsin£(p'-i)  9*57877 

sum  (1)  9-13873 

sum  (2)  982034 

dift«logtan£(B-C)  931839 

log  cos  £A  9-55996 

logcos|(jp'— i)  996630 

sum  (3)  9*52626 

Bum  (4)  9-81723 

difc=»logtan£(B+C)   9-70903 


£(p'-i)    22  li  44 
|(p'+i)    45  12  18 


log  sin  £A 
logsiniCp'+i) 

sum  (2) 


9-96931 
9-85103 

9-82034 


log  sin  £A  9-96931 

logcoe|(i>'+i)  9-84792 

sum  (4) 


diffi. 


sum  (2) 
logcosi(B— C) 

slog  sin  £a 


9-82034 
9-99079 

9*82955 


r 


(B-0) 

(B+C) 

B 
C 

i* 

a 
h' 


9-81723 

O         t         II 

11  45  31 
27    5  59 

38  51  30 
-15  20  28 

42  29    5 

84  58  10 

-  5     1  50 


For  the  selenographical  longitude  of  the  moon's  apparent  centre,  we  have 
l'=L— L',  where  L=  the  selenocentric  longitude  of  the  moon's  apparent  cen- 
tre, and  L'=»l-f  supplement  of  Q.     See  Section  22.    Now 


A+B 

L  =270°-B-A 
L'=l+  sup.  8 

L-LW 


L=270°-B-A, 

270    6    0 
148  29  36 


121  30  24 
124  43  21 

-3  12  57 


Sup.  8=  67    8  20 

A        109  36    6 
B  38  51  30 

A+B     148  29  36 


1 
Sup 

1/ 


8 


67  35    1 

67    8  20 

124  43  21 


*  +  when  W.  of  the  first  meridian,  - 
t  +  when  N.  of  equator,  —  when  S. 


when  £. 
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Collecting  the  results,  we  have 

b'—  5  1  50 
1'—  3  12  57 
C  =  -15  20  28 
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Determination  of  the  Are  p. 

Having  determined  the  selenographical  latitude  and  longitude  of  the  appa- 
rent centre  of  the  moon's  disk,  and  also  (he  angle  which  the  meridian  of  the 
middle  of  the  disk  makes  with  the  circle  of  declination,  we  may  ascertain  the 
latitude  and  longitude  of  the  measured  point  by  the  aid  of  the  arc  /i  (fig.  12) 
on  the  spherical  surface  of  the  moon,  which  connects  tlje  measured  point  with 
the  apparent  centre  M. 

Fig.  12. 


For  this  object  the  following  elements  are  required : — 
Fig.  11,  p.  234.    /s  the  polar  coordinate  of  the  measured  point  =  sin  w, 
fig.  12. 
„         „      m=  the  inclination  of  /  to  the  apparent  declination  circle. 
For  obtaining  the  values,  we  have 

Kg.  11,  p.  234,/=^,     t—i 

Fig.  12.  /ism— i^. 

Fig.  12.  E"=  the  distance  of  the  moon's  centre,  C,  from  the  place  of  ob- 
servation, A, 

_/, 

E" 


ssinip. 


For  —  we  have 

1   _B"sinir 
W  ""  R3-663' 
in  which 
R"a  the  moon's  apparent  semidiameter,  to  be  computed  by  the  following 
formula: — 


R"« 


cos  a   r  .It 

cosd 


coso 
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The  computation  of  the  value  of  /i  is  as  under : — 


log  cos  a" 
log  cos  3' 

ar.  co.  log  coed 
log  sin  t 
ar.  oo.  log  (1— n) 
ar.  co.  log  3-663 

Bum=logE„ 

log/ 
sum  =  log  sin  \// 


0-00000 
9-96557 
003594 
8-23308 
0-00491 
9-43616 


log* 
logy 


1-22583 

0-97909 


difc=logtanic  0-24674 
u  60  27  55 


7-67566  logy 

9-69752  ar.  eo.  logcostt 

737318  ar.oo.  logR' 

™5=BSBa£  8um=log/ 

m 


Formula!  for  and  Calculation  of  X  and  /J. 

We  are  now  in  a  position  finally  to  determine  X 
the  selenographical  longitude,  and  /3  the  selenogra- 
phical  latitude  of  the  measured  point  by  the  aid  of 
the  following  angles,  C,  X",  and  x  (so©  fig- 13)  for 
X=X"+1',  andtan/3=cosX"tan(x+b'). 

C'=u-j- C=  the  inclination  of  the  plane  of  the  arc 
a  to  the  apparent  latitude  circle  of  the  moon  (see 
fig.  11,  p.  234). 

tan  v=  tan  a  cos  C,  tanX"=*^^X 

X"+  when  W—  when  E,  v-f-  when  C  is  N,  —when 

Computation. 

u  46  27  & 

C  15  20  28 

sum  =  C 


0-97909 
0-30720 
8-41123 
9-69752 

2§  53  23 
0    8    7 

29  45  16 
Kg.  13. 
T>  Pole 


£qu 


75  48  23  in  4th  Quadrant 


log  tan  /i 
log  cos  C' 

sum=logtanx 
X 


9-75713 
9-38952 


log  tan  C 
log  sin  x 


0-59701 
914243 


sum=log(x+b')     13    0  35 

logtan(x+b')    9-36370 
logoosX*  9-94016 

sum  =  log  tan  ft         9-30386 

Theophilus  is  situated  in  26  10  37  W.  long, 
and     11  22  55  S.  lat. 


914665  ar.oo.  log  cos  (x+o')  0-01130 

f  5*8  45  sum=logtanX"        9-75074 

5     1  50  X"  +  29  2$  34 

1'   -     3  12  57 


X 

Therefore 


+  26  10  37 
-  11  22  55 
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Appendix  HI. 

1st.  Description  of  Map  and  Instructions  for  observing. 

2nd.  A  catalogue  of  objects  photographed  and  observed  in  areas  IV  A* 
and  IV  A*. 

3rd.  The  fall-moon  aspect  of  areas  IV  A"  and  IV  A*. 

4th.  A  discussion  of  the  lines  of  upheaval  and  depression  in  areas  IV  A*  and 
IV  A<- 

Bsttibh  Ajwoctahoh  Outline*  Map  op  the  Moon,  Zones  II  and  IV, 
Areas  IV  A-  and  IV  A*. 
The  present  portions  of  the  map  include  areas  IV  A*,  IV  A*  and  parts  of 
IV  A0  and  IV  A* ;  they  are  in  outline  on  a  scale  200  inches,  equal  to  the 
moon's  diameter.     On  these  portions  upwards  of  200  objects  are  distinctly 
specified,  and,  as  indicated  below,  their  relative  degrees  of  visibility  pointed 
out    The  scale  of  200  inches  to  the  moon's  diameter  appears  to  be  the 
mdlett  that  can  be  used  with  advantage  in  the  present  state  of  selenography. 
It  allows  every  facility  for  inserting  synonyms  as  well  as  various  numerical 
data,  also  for  exhibiting  with  clearness  the  relative  position  of  each  object. 
In  some  few  instances  objects,  the  precise  nature  of  which  is  doubtful,  are 
inserted  without  a  numerical  reference,  and  some  mentioned  in  the  catalogue 
are  omitted,  as  their  outlines  require  careful  determination.     In  the  spaces 
more  or  less  blank  there  are  small  objects  which  await  insertion  when  they 
We  been  observed  with  adequate  power,  and  their  relative  positions  ascer- 
taiaed.    Without  doubt  much  of  the  outline  requires  modification,  as  it  is 
difflcult  to  catch  in  the  small  intervals  afforded  for  observation  that  correct- 
pea  in  form  and  outline  which  is  desirable,  and  instances  of  fine  definition 
in  which  it  might  be  attained  are  rare,  and  occur  at  varying  states  of  libra- 
a'on,  and  at  different  degrees  of  illuminating  and  visual  angle :  while,  how- 
ever, much  may  be  achieved  by  the  aid  of  photography,  yet  the  evident  relief 
indicating  heights  and  depths,  and  the  diversity  of  light,  shade,  and  shadow 
interfere  to  no  little  extent  in  forming  a  judgment  of  the  true  outline,  espe- 
cially as  no  two  photographs  are  likely  to  exhibit  the  same  object  under  similar 
circumstances;  still  it  is  hoped  the  following  catalogue  of  objects  on  areas 
17  A*  and  IV  A*,  and  the  map  will  be  mutually  intelligible,  and  contribute  to 
a  closer  study  of  the  moon's  surface,  if  it  be  only  to  detect  the  errors  in  either. 
These  portions  of  the  map,  as  well  as  the  accompanying  catalogue,  contain 
all  the  known  objects,  202  on  an  area  of  50  superficial  degrees,  as  shown 
in  existing  photographs,  and  ascertained  by  personal  observation.    They  are 
"sued  with  the  twofold  view  of  assisting  observers  in  becoming  acquainted 
with  the  physical  aspect,  and  also  for  enlarging  the  boundary  of  our  know- 
ledge of  tiie  moon's  surface.    They  are  printed  red  that  observers  may  the 
more  readily  insert  additions  and  corrections  in  black. 

The  basis  of  the  map,  as  well  as  the  principle  upon  which  it  is  constructed, 
w  folly  explained  in  the  Report  presented  to  the  British  Association  at  its 
Meeting  held  in  Nottingham,  1866 ;  it  may,  however,  be  important  to  men- 
tion that  all  positions,  except  those  of  the  first  order,  are  derived  from  Mr. 
I*  la  Rue's  photograph  of  October  4, 1865,  which  was  taken  so  near  the 
time  of  Mean  Iibration,  that  the  coincidence  of  the  Equator  of  the  photo- 
gftph  with  that  of  the  moon  is  sufficiently  close  to  allow  of  direct  mea- 

.     J^hU^ap  ia  not  intended  to  be  a  perfect  or  complete  Lunar  Map,  but  only  a  guide 
10  owtwb  in  obtaining  data  far  the  construction  of  a  complete  map. 
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sores  of  every  object  on  the  photograph.  In  the  case  of  the  first  meridian, 
a  small  correction  has  been  applied.  The  points  of  the  first  order,  which 
are  most  scrupulously  regarded,  are  found  in  Appendix  I.  of  the  afore- 
named Beport.  In  laying  down  those  in  quadrant  IV.,  the  greatest  error 
discovered  in  checking  them  amounted  only  to  '0008,  the  moon's  semi- 
diameter  being  equal  to  unity. 
The  following  abbreviations  are  employed  on  the  Map. 
The  Arabic  numerals,  except  in  cases  of  measurement,  refer  to  the  area  of 
twenty-five  superficial  degrees  indicated — and  in  quoting  to  be  preceded— 
by  the  symbol  of  the  area  (see  Brit.  Assoc.  Report,  1865,  p.  288). 

The  small  Greek  letters  refer  to  the  same  objects  indicated  by  them  on 
Beer  and  Mauler's  Map  of  37  inches  diameter.  The  Boman  capitals  asd 
small  letters  preceded  by  B.  &  M.  are  of  similar  import. 

Points  of  the  first  order. 
X  Points  of  the  second  order, 

o  Craters. 

w  Depressions. 

a  Mountains. 

ff.B.  Ttoamm-headul     Y  ^ft^***'.       .  .       n         ., 

directed  towudi  the  \  I  Mountain  slopes  and  valley  sides, 

lowe*  point.  J   *+>  Very  conspicuous  objects. 

*  Easy  objects. 

t  Difficult  objects. 

J  Objects  rarely  visible. 

B.  &  M.  Beer  and  Madler. 

L.  S.        Lohrmann's  Sections. 

L.  M.       Lohrmann's  Map. 

S.  B.        Schmidt's  Bills. 

Eng.  ft  English  feet. 

Metres. 

Dotted  lines  in  some  instances  indicate  the  bases  of  mountains,  the  crests 
being  shown  by  continuous  lines,  also  the  lowest  parts  of  valleys ;  in  others 
the  interior  feet  of  crater  slopes  as  in  Halley,  where  the  dotted  line  points 
out  the  base  of  the  interior  E.  slope,  in  others  lucid  markings  or  streaks 
which  require  further  observation. 

Borne  attempt  has  been  made  to  indicate  differences  of  level  by  inscribing 
on  the  map  the  words  "  high  level,"  "  higher  level,"  "lower  level,"  and  "low 
level ;"  thus  the  level  S.  of  Halley  is  very  much  higher  than  that  of  the  floor 
of  Hipparchus  K  of  Halley,  and  that  of  Albategnius  marked  "  low  level "  is 
the  lowest ;  the  words  higher  and  lower  being  comparative  between  high  and 
low.  This  difference  of  level  is  brought  out  in  a  very  marked  manner  by  an 
oblique  illumination. 

The  space  between  every  5°  of  latitude  north  and  south  constitutes  a 
zone  numbered  from  I.  to  XXXVI.  (see  Beport,  1865,  pp.  288-290). 
For  the  employment  of  the  map,  each  zone  may  be  divided  into  five  sub- 
zones  of  1° ;  and  if  to  every  observer  two  were  allotted,  so  that  half  of  the 
area  selected  by  each  were  to  overlap  half  of  the  adjoining  areas  of  two  sub- 
zones,  observations,  additions,  and  corrections  will  be  received  from  two  in- 
dependent observers.  As  it  is  very  probable  that  in  some  instances  ob- 
servers may  have  but  little  previous  acquaintance  either  with  the  aspect  of 
the  moon's  surface  as  regards  "detail"  or  with  methods  of  observation, 
the  following  instructions  for  observing  the  objects,  also  for  correcting  and 
adding  to  the  map  and  catalogue,  are  drawn  up  upon  this  probability.     The 
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localities  of  IV  A*  and  IV  A?  may  bo  easily  ascertained  by  r^f<tye*ee  to' exist- 
ing maps,  the  large  formations,  Hipparchus,  Albategiuus,Vtoclrl*toleihwtts, 
being  sufficiently  indicated.  X^  '"•  '   . 

The  plate  contains  a  portion  from  Beer  and  Midler's  map  corresponding- to* 
areas  IV  A"  and  IV  A*.  The  small  circle  above  on  the  same  scale  represents 
one  degree  at  the  centre  of  the  disk  in  mean  libration.  The  large  circle  be- 
low represents  a  similar  area  on  the  scale  of  200  inohes  to  the  diameter,  that 
of  the  British  Association  Outline  Map.  It  contains  279*27  square  miles 
(English),  and  is  seen  under  an  angle  of  16"-277+. 

It  is  only  at  the  centre  of  the  disk  that  one  degree  is  seen  under  an  anglo 
of  16"-277 ;  in  other  parts  of  the  disk  the  reduction  is  in  the  proportion  of 
the  angle  subtended  at  the  centre  x  cosine  of  the  angular  distance  from  the 
centre  ;  thus  at  a  distance  of  12°  from  the  centre,  16"-277  x  cos  12° =15" -922, 
and  at  a  distance  of  60°,  16"-277xcos  60°=8"-139. 

The  arrangement  of  subzones  to  each  observer  in  zone  II.  area  IV  A*  is  as 
follows:— No.  1,  8.  lat.  0°  to  1°;  No.  2,  0°  to  2°;  No.  3,  1°  to  3°;  No.  4, 
2°  to  4°;  No. 5,  3°  to  5°;  and  No.  6,  4°  to  5°  8.  lat.:  No.  6  of  area  IV A« 
will  be  allotted  to  No.  1  of  zone  IV  area  IV  A?,  the  numbers  of  which  are 
as  follows :— No.  1,  8.  lat.  5°  to  6°;  No.  2,  5°  to  7°;  No.  3,  6°  to  8°;  No.  4, 
7°  to  9°;  No.  5,  8°  to  10°;  and  No,  6,  9°  to  10°  8.  lat- 

The  very  high  probability,  if  not  certainty,  that  the  crater  «  Linne* "  has 
undergone  a  physical  change  since  it  was  first  figured  by  Biccioli  in  1653, 
induces  the  belief  that  if  lunar  objects  were  observed  upon  a  regular  system 
from  time  to  time,  other  instances  of  inferred  physical  change  may  be  detected, 
especially  among  the  smaller  features.  With  this  view,  the  objects  in  each 
area  of  two  subzones,  arranged  in  the  order  of  their  visibility,  as  far  as  ascer- 
tained, axe  specified,  that  observers  may  have  as  little  trouble  as  possible  in 
selecting  objects  for  observation. 

The  following  numbers  refer  to  the  accompanying  catalogue.  Those 
marked  with  two  asterisks  (**)  are  conspicuous,  those  with  one  (*)  are  easy, 
those  with  a  dagger  are  difficult  (t),  and  those  with  a  double  dagger  ($)  are 
very  difficult,  and  but  rarely  seen.  Nearly  the  whole  of  the  objects  recorded 
in  area  IV  A*  have  been  observed  with  an  aperture  of  4J  inches,  object- 
glass  by  Cooke,  power  230.  The  exceptions  are  mostly  noticed.  It  is  ra- 
commended  that  conspicuous  objects  should  be  examined  first. 
*  Area  IV  A«. 
No.  1.  Lat  0°  to  1°  8.— 1*»,  43,  46,  47,  49,  58,  59,  60,  65,  66,  68,  70, 
72,  74,  85,  87. 

No.  2.  Lat.  0°  to  2°  8.— 1",  11, 15, 19,  38,  40,  43,  44,  45,  46,  47,  48, 
49,  50, 58,  59,  60,  61, 62,  63, 64,  65, 66,  68, 69,  70,  72,  74, 77,  78,  84, 85, 
87. 

No.  3.  Lat.  1°  to  3°  S.-2*»,  10",  4*,  5, 11,  15,  16, 19,  20,  31,  36,  37, 
38,  39,  40,  41,  42,  43,  44, 45,  48,  49,  50, 58,  61, 62, 63,  64, 65, 66, 69,  73, 
77,  78, 83,  84,  86. 

No.  4.  Lat.  2°  to  4°  S.— 2",  10**,  4*,  5,  8,  11,  12, 13, 14, 16,  20,  21, 
24,  25,  26,  27,  28,  29,  30,  31, 32,  34,  35,  36,  37,  38, 39,  41, 42, 49,  54, 56, 
57,  67,  73,  77,  81,  82,  83,  86.  «.*,«„ 

No.  5.  Lat.  3°  to  5°  8.— 2**,  10**,  51**,  6*,  7*,  9*,  18*,  3,  5,  8, 12, 13, 
14, 17,  20,  21,  22,  23,  24, 25, 26, 27,  28, 29,  30,  31,  32,  33, 34,  35,  42, 49, 
52,  53,  54,  55,  56,  57,  67,  71,  73,  79,  80,  81,  82,  88, 75*,  76$. 

No.  6.  Lat.  4°  to  5°  8.-51**,  6*,  7*,  9*,  18*,  3, 17,  22,  23,  24,  28,  33, 
34, 35,  49,  52,  53,  54,  55,  71,  79,  80,  81,  88,  75$,  76$, 
1866.  * 
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Abba  IV  A*. 

No.  1.  Lat.  5°  to  6°  8.— 47**,  24*,  49*,  58*  11,  88,  89,  81,  96,  1*0, 
101, 102, 103, 104, 105, 106,  111,  112, 113, 114,  85+ 

No.  2.  Lat.  5°  to  7°  8.— 47**,  24*,  28*,  37*  49*,  56*  58*,  «>»,  «• 
11, 27, 88,  89,  46,  48,  57,  59,  80,  81,  85,  86,  96, 100, 101, 102,  10*,  104, 
105,  106, 108, 109, 110,  111,  112, 113, 114. 

No.  8.  Lat.  6°  to  8°  8.— 1**,  4**,  6**,  7**,  16**,  26**  29**,  3*  20*, 
80*  81*  87*,  49*,  56*  60*  61*,  11, 18, 14, 27,  44, 45, 46,  48,  57, 59,  80, 
81,  86,  88,  92,  98,  99, 107, 108, 109,  110, 114.  2f,  15f,  18f,  W,  21t, 
22t,9t20J,62t,63j,64t 

•  No.  4.  Lat.  7°  to  9°  8.— 1**,  4**,  5**,  6**,  7**,  16**,  25**,  29**,  33** 
77**  3*,  30*,  31*  82*,  37*  43*,  61*  65*,  13, 14,  23,  26,  27,  42,  44, 4S> 
64,  66,  78,  79,  88,  84,  88,  90,  91,  92,  93,  94,  96,  98,  99, 107,  2t,  ISt, 
18f,  19t,  21f,  22f,  76f,  89t,  8*,  9fc  20*,  7l£  62$,  63£  64J. 

No.  5.  Lat.  8°  to  10°  8.-^5**,  16**,  17**,  25**,  33**,  34**,  36**,  67*» 
77**,  10*,  12*,  32*,  43*,  52*,  65*  65*,  75*,  23,  26,  85,  40,  41,  42, 5i 
61,  63,  54,  66,  68,  69,  70,  73,74,  78,  79,  82,  83,  84,  87,  90,  91,  93,  H 
95,  97,  99,  72t,  76t,  89t,  8j,  9J,  71  J. 

No.  6.  Lat.  9°  to  10°  8,-17**,  33**,  34**,  36**,  67**,  10*,  12*,  52*, 
65*,  65*,  75*,  35,  40,  41,  42,  50,  51,  53,  68,  69,  70,  73,  74,  78,  82,  83, 
87,  97,  72f. 

Obsxrvatiohs. 


Identification* — The  first  step  is  to  identify*  the  objects  in  each  pair  el 
subzones,  which  may  be  best  exemplified  by  the  following  record  of  observs- 
tions  for  this  purpose, 

/dm^(^a/0^'^  Area  IV  A*, 

1866,  October  16, 7*  15m  to  8h  30m,  G.M.T.  No.  600.  Bay  elapsed  sf  At 
Julian  Period  CD.  J.  P.)  2402691,  moon's  latitude  north  4°  54'  Apogee**?, 
Perigee  —201*,  Royal  Astronomical  Society's  Sheepshanks  telescope,  Ha.fr, 
2f -inch  aperture,  power  about  150. 

Definition  good,  terminator  gracing  east  edge  of  Ptolemaeaa. 
IVA? l.  Very  conspicuous,  bat  outline  more  circular. 
4.  Quite  conspicuous. 

6.  Very  conspicuous. 

7.  Quite  conspicuous. 

25.  Its  individual  character  and  alight  depression  discernible,  hot  this 
telescope  appears  to  be  unable  to  bring  out  its  features  strong^ 
29.  Quite  easy  >  the  spur  is  not  so  distinct. 

8.  Conspicuous,  border  illuminated,  interior  filled  with  shadow. 
28.  Just  perceptible,  but  not  very  distinct. 

80.  Scarcely  discernible. 

31.  Just  perceptible. 

13, 14  &  15.  Not  at  all  distinct,  but  some  indications  of  the  crater-row. 

27.  Just  perceptible*    It  is  not  very  striking,  and  would  by  no  scans 

arrest  the  attention  with  this  aperture  and  power. 
2.  Not  visible  with  this  aperture  nor  power. 
18, 19.  Not  visible  with  this  aperture  nor  power. 

21.  Not  visible  with  this  aperture  nor  power. 

22.  Not  visible  with  this  aperture  nor  power. 

9.  Not  visible  with  this  aperture  nor  power ;  the  shadows  ol  IYA^1 

and  IVA**  project  slightly. 
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20.  Not  visible.  There  is,  however,  some  indication  of  depression  or 
excavation  on  the  interior  slope  of  IVA?1,  just  south-west  of  the 
promontory  Btretching  towards  the  crater-row  13-19. 

In  this  manner  every  object  may  be  sought  for,  and  either  identified,  or  if 
it  be  beyond  the  power  of  the  telescope  to  show  it,  recorded  as  such,  and  so 
far  as  the  pair  of  subzones  extends,  the  capability  of  the  telescope  to  reach 
only  certain  objects  determined.  These  may  be  arranged— -for  the  telescope 
empl&yed — in  classes  of  conspicuous,  easy,  difficult,  very  difficult,  and  invi- 
sible ;  and  in  thus  becoming  fully  acquainted  with  the  objects  in  the  pair  of 
subzones  he  has  selected,  the  observer  will  find  that  he  has  employed  his 
time  to  great  advantage ;  indeed  he  will  be  surprised  that,  by  regularly  exa- 
mining his  portion  to  identify  the  objects  already  on  record,  he  has  become 
thoroughly  acquainted  with  all  the  prominent  features  of  the  region. 

In  work  of  this  kind  the  observer  will  find  it  very  advantageous  to  exa- 
mine his  subzones  under  similar  conditions  of  illumination,  which  recur 
roughly  in  periods  o?  fifty-nine  days,  but  more  accurately  in  fifty-nine  days 
eighty-eight  minutes;  and  these  periods  will  afford  an  interval  of  about  eight 
months,  during  which,  in  every  alternate  month,  should  the  sky  be  clear,  he 
will  see  the  objects  similarly  illuminated  (very  nearly).  The  numbers  in  the 
sixth  column,  headed  "  days  elapsed  of  the  Julian  Period,"  on  p.  xx  of  each 
month  in  the  Nautical  Almanac,  will  facilitate  the  computation  of  these 
periods.  Thus,  if  on  Januafy  13, 1867,  at  6  p.m.,  he  notices  the  Terminator 
or  light  boundary  to  pass  over  any  particular  spot,  59d  lh  30m  afterwards 
the  Terminator  will  very  nearly  be  on  the  same  spot.  Now  the  day  elapsed 
of  the  Julian  Period  (written  short  D.  J.  P.)  on 

January  13, 1867,  is    2402980    6    0 

Add 59    1  30 

March  13, 1867   2403039    7  30 

Upon  referring  to  the  column  for  March  it  will  be  found  that  on  the  13th, 
at  7*  30"  p.m.,  the  same  phase  will  recur ;  and  in  a  similar  manner  it  may 
readily  be  found  that  on  May  11  th,  9h  0m,  July  9th,  10h  30m,  and  September  6th, 
IS*1  0",  the  Terminator  will  be  nearly  in  the  same  part  of  the  disk,  so  that  on 
those  evenings  the  observer  can  resume  his  examination  or  other  kind  of 
observations  under  nearly  similar  circumstances. 

Corrections. — When  he  has  become  familiar  with  his  ground,  the  ob- 
server may  proceed  to  examine  the  map  and  catalogue  critically.  For  ex- 
ample, he  may  carefully  ascertain  if  the  relative  position  of  the  objects  on 
the  portion  of  the  map  furnished  him  be  correct,  and  whether  the  alignments 
generally  agree ;  for  this  purpose,  a  pair  of  cross  wires  in  the  field  of  the  eye-: 
piece,  by  which  he  can  readily  determine  objects  in  the  same  lino,  will  be 
found  useful.  It  is  important  to  notice  particularly  the  outlines  of  objects, 
as  should  he  be  satisfied  after  observing  them  under  differing  circumstances 
of  light  and  libration*  that  correction  is  needed,  such  correction  should  be 
made  on  the  map  either  in  ink  or  a  different  colour  from  that  of  the  map. 

New  Objects. — As  the  Terminator  passes  over  the  portions  of  the  sub- 

*  libration,  in  a  popular  sense,  signifies  the  displacement  of  an  object  as  regards  its 
mean  position  on  the  moon's  surface,  in  which  it  can  be  obserred  only  once  in  three  years. 
When  the  aaoon  has  north  latitude,  all  objects  appear  north  of  their  mean  places,  and 
when  she  has  south  latitude  south  of  them.  When  the  moon  is  passing  from  Apogee 
to  Perigee  they  an  west,  and  when  she  is  passing  from  Perigee  to  Apogee  they  are  east 
of  their  mean  positions. 
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zones  selected,  as  well  as  at  other  times,  all  objects  observed  that  are  not  to 
be  found  on  the  map  nor  described  in  the  catalogue,  should  be  inserted  pro- 
visionally, their  relative  positions  having  been  carefully  determined  by  align- 
ment or  otherwise. 

Drawings. — When  opportunities  occur,  drawings  should  be  made  of  groups, 
especially  such  as  are  indicated  of  conspicuous  and  easy  visibility.  (Difficult 
objects  may  be  sketched  when  definition  is  very  fine.)  Reaumur,  Bhseiieus 
IV  A*10  IV  A- u  with  the  group  near  IVA? *f  also  IV A*25,  IVA*58>  Hal- 
ley,  and  Horrox  are  very  suitable  for  this  purpose. 

Measurements. — The  most  important  are  for  determining  points  of  the 
first  order,  and  consist  of  measures  taken  with  the  micrometer  between  the 
apparent  east  or  west  and  north  or  south  limbs  of  the  moon  and  the  object; 
the  subject  is  fully  treated  with » an  example  of  the  computation  in  Ap- 
pendix II.  Report,  1866.  The  mountain  IV A* *9,  and  the  craters  IV A*6, 
IV  A*  7,  and  IV A^ l2,  appear  to  be  very  suitable  as  points  of  the  first  order. 

Measures  may  also  be  taken  for  magnitude :  see  Report,  1 865,  p.  295. 
The  following  measures  of  Hallcy  in  a  direction  perpendicular  to  the  paral- 
lel, the  object  being  made  to  run  between  the  wires,  may  serve  as  an 
example : — 

1866,  June  23>  8k  10-  to  8h  25m  G.  M.  T. 

Means....   10-311V'7US^2982 

Dionysius 

8-0to810=l°^^2=.2317. 

The  magnitude  is  determined  by  dividing  the  measure  of  the  object  br 
that  of  the  standard,  thus:  Halley='2982,  and  Dionysius =-231 7,  therefore 

the  magnitude  of  HaUey=?^= 1-287. 
2317 

In  reading  the  micrometer  head,  the  value  of  the  fixed  wire  from  which 
the  positive  readings  are  made,  is  reckoned  equal  to  ten  revolutions,  there- 
fore the  negative  readings  are  equal  to  nine  revolutions + the  readings  of  the 
micrometer  head,  and  as  the  difference  between  the  two  readings  will  equal 
twice  the  measure  of  the  object,  it  follows  that  the  mean  of  the  positive — 
the  mean  of  the  negative  readings — divided  by  2,  will  equal  the  measure  of 
the  object. 

For  the  reception  of  the  observations  above  specified  copies  of  Form 
No.  1  (Report,  1865,  p.  287)  will  be  supplied,  and  when  corrections  and 
additions  have  become  sufficiently  numerous,  duplicate  copies  of  the  map 
will  be  furnished. 

Each  observation  should  be  accompanied  by  references  to  the  following 
data: — Greenwich  mean  time;  day  elapsed  of  the  Julian  Period  (D.  J.  P.); 
the  moon's  latitude  to  the  nearest  minute;  and  the  moon's  nearest  distance 
from  Apogee  to  Perigee  with  the  sign— before  or + after.  At  the  time  of 
the  observations  given  on  p.  242,  the  moon  had  passed  Apogee  92  hours  and 
wanted  201  hours  of  Perigee.  Objects  were  therefore  west  of  their  mean 
positions.  * 

It  is  desirable  that  returns  should  be  made  at  specified  intervals  not  ex- 
ceding  six  lunations. 


10-317 
10-307 

9-692 
9-717 

10-321 
10-316 
10-295 

9-727 
9-697 
9-741 
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Catalogue. 

In  the  following  Catalogue  every  feature  seen  on  the  photographs  (as  well 
as  some  of  the  more  minute  detail  discoverable  by  the  telescope)  is  described. 
The  descriptions  include  all  the  points  of  interest  that  have  presented 
themselves  in  the  examination  of  this  part  of  the  moon's  surface,  either  by 
the  aid  of  photographs  or  by  means  of  personal  observation ;  and  some  at- 
tempt has  been  made  to  assist  in  obtaining  a  more  correct  representation  of 
the  moon's  surface,  by  giving  the  measures  in  seconds  of  arc  of  the  objects 
catalogued,  and  in  the  case  of  craters  the  deduced  apparent  magnitudes,  the 
crater  Dionysus  being  considered  as  the  standard.    These  measures  and  de- 
duced magnitudes  can  only  be  regarded  as  roughly  approximate,  the  epochs 
being  mean  distance  and  mean  libration ;  they  cannot  consequently  be  ex- 
pected to  coincide  with  any  actual  measures ;  for  as  the  epoch  of  mean  libra- 
tion cannot  be  coincident  with  that  of  mean  distance,  measures  made  at  mean 
distance  will  not  agree  with  those  made  at  mean  libration.    The  basis  of 
measurement  is  as  follows : — the-  semidiameter  of  the  moon  15'  32"-27,  as 
given  by  Oudemans  from  occultations  and  direct  measurements  by  the  helio- 
meter  (see  Monthly  Notices  of  the  Royal  Astronomical  Society,  vol.  xxvL 
p.  260),  has  been  adopted,  and-  as  this  gives  1864"-54  for  the  diameter,  a 
scale  has  been  adapted  to  the  datum  100  inches =1864"*54.    Rutherford's 
photograph,  from  which  the  measurements  have  been  taken,  is  20*875  inches 
in  diameter,  and  as  the  measures  are  readily  convertible  from  20*875  to 
100  inches,  they  are  at  once  referred  to  mean  distance,  irrespective  of  the 
actual  position  of  the  moon,  either  as  to  distance  or  libration,  and,  as  before 
stated,  can  only  be  considered  as  approximate ;  nevertheless  it  is  hoped  they 
may  be  of  some  service  both  in  obtaining  a  better  acquaintance  with  the  moon's 
surface,  and  also  contributing  to  its  being  more  accurately  represented. 

The  magnitudes  for  the  epoch  of  the  photograph  have  been  deduced  as  de- 
scribed in  my  last  Report  (Report,  1805,  p.  295),  but  the  values  are  pro- 
bably too  small,  as  the  measured  diameter  on  the  photograph  of  Dionysius 
appears  to  be  excessive,  the  crater  being  surrounded  by  a  fringe  of  light*. 
As  most  of  the  measures  for  magnitude  have  been  made  in  a  direction  at 
right  angles  to  a  line  joining  the  north  edge  of  Dionysius  and  the  south  edge 
of  Agrippa,  the  deduced  magnitudes  may  be  easily  corrected  at  any  future 
time  by  measurements  in  the  same  direction. 

It  is  proper  to  remark  that  the  positions  have  been  laid  down  and  the 
magnitudes  in  the  first  instance  determined  by  a  scale,  radius =50  inches,  all 
measures  being  expressed  in  parts  of  this  scale,  radius = unity.  For  the 
expression  of  all  quantities  in  seconds  of  arc  the  measurements  have  been 
re-made,  and  directly  referred  to  the  scale,  100  inches=1864"*54,  quite  irre- 
spective of  the  scale  50  inches = radius.  The  magnitudes  have  been  deter- 
mined on  both  scales,  and  the  resulting  mean  adopted ;  some  discrepancies, 
however,  will  be  found  between  the  measures  in  seconds  of  arc  and  the 
magnitudes,  which,  as  before  stated,  are  the  results  of  two  sets  of  measures, 
while  the  value  in  seconds  of  arc  depend  on  one  only.  The  greatest  number 
of  differences  in  this  respect  occur  amongst  those  objects  that  range  between 
3"  and  4",  but  as  they  do  not  materially  interfere  with  the  gradations  of 
magnitude  which  range  between  0m*06  and  0"-70,  it  is  considered  best  to 

*  This  fringe  of  light  appears  to  vary  in  size,  the  differences  in  above  70  sets  of  mea- 
sure* of  the  diameter  of  Dionysius  in  various  directions  included  by  an  angle  of  60* 
amounting  to  about  6"  or  4"  more  than  can  be  accounted  for  by  the  varying  distances  of 
thai 
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give  the  results  of  the  measures  as  they  stand ;  especially  as  the  object  is  to 
indicate  to  selenographers  the  work  to  be  done,  rather  than  to  claim  for  the 
present  wark  anything  like  perfection ;  still  it  is  hoped  that  no  little  progrea 
is  now  being  made  in  selenography. 

Wherever  the  word  " crater"  is  used  in  the  catalogue,  it  invariably  signi- 
fies a  pit,  cavity,  or  more  or  less  round  depression,  in  which  at  sunrise  or 
sunset  a  well-marked  interior  shadow  is  seen  on  the  side  next  the  son,  the 
opposite  side  reflecting  more  or  less  strongly  the  sun's  rays.  It  is  also 
retained  with  the  Bame  signification  for  all  those  objects  designated  crated 
by  previous  selenographers. 

It  has  been  suggested  to  employ  the  term  "  craterlet"  for  the  round  white 
glistening  objects  which  are  so  numerous,  particularly  in  the  mountainous 
regions  of  the  moon,  associating  with  it  the  idea  of  a  more  recent  formation 
than  the  larger  objects.  These  small  objects  frequently  occur  in  rows,  as 
mentioned  by  Schmidt  (see  Appendix  to  last  Report,  1865,  pp.  305-307),  and 
called  by  him  crater-rills.  It  is  in  rills  and  crater-rills  that  Herr  Schmidt 
is  disposed  to  seek  for  new  formations  (see  Report,  1865,  p.  299),  and  reeeu- 
mends  the  particular  study  of  them  with  this  view.  As  it  is  important  to 
have  some  distinguishing  feature  between  ordinary  craters  (including  even 
large  formations)  and  craterlets,  I  would  suggest  for  this  purpose  size  or 
magnitude,  all  pits  having  a  smaller  diameter  than  mag.  0*3  or  5"  being  re- 
garded as  "  craterlets ;"  bright  craters  exceeding  5"  will  form  a  class  inter- 
mediate between  "  craterlets"  and  "  light-centres." 

In  a  few  instances  objects  are  mentioned  as  bright  or  lucid  spots,  the  exact 
nature  of  which  it  is  difficult  to  determine.  The  recent  obscuration  or  pro- 
bable filling  up  of  the  crater  "  Linne  "  on  the  Mare  Serenitatia,  and  a  had 
spot  having  been  seen  in  its  place,  suggests  that  such  objects  should  be  care- 
fully observed,  especially  when  the  Terminator  is  near  them.  IV  A**, 
IV  A*71,  and  IV  A* l02  may  be  specified  as  examples. 

Abba  IV  A-. 

Introduction. 

The  positions  in  this  area  are  more  easterly  than  given  by  Beer  and  Midler, 
or  by  Lohrmann.  They  are  all  taken  in  the  first  instance  from  De  La  Roe's 
photograph  of  the  4th  of  October,  1865,  G.  M.  T.  9*  0"  4".  Libration  hi 
longitude  at  llh  40m-6=— 0°  39'-7,  and  latitude  =  -0°  20'-9;  so  that  the 
middle  of  the  apparent  disk  was  not  very  far  distant  from  the  point  which  is 
central  in  the  orthographic  projection.  The  libration  in  longitude  was,  how- 
ever, of  an  extent  sufficient  to  remove  the  point  0°  of  longitude  so  far  to  the 
west  as  to  require  a  correction  of  -020  to  all  measures  on  the  photograph  be* 
tween  0°  and  15°  of  latitude.  On  making  this  correction  for  the  ordinates  T, 
taken  from  the  photograph,  of  Messier,  Theophilus,  and  DoUond,  the  south 
half  of  the  central  meridian  exactly  coinoided.  The  central  mountain  of 
Albategnius  differed  from  the  three  ordinates  above-mentioned  -010.  There 
does  not  appear  to  be  any  error  in  the  mean  of  Lohrmann's  seven  measures, 
or  in  the  computation  as  given  by  B.  &  M.  of  the  ordinate  Y  of  the  central 
mountain;  still  in  this  respect  the  photograph  differs  from  the  computed 
quantity.  The  central  mountain  in  Theophilus  lies  in  nearly  the  same 
parallel  as  that  of  Albategnius,  the  computed  difference  of  Y  being  -36659, 
"  <*  measured  '37400,  which  also  gives  the  position  of  the  central  mountain 
^ategnius  more  eastwardly  than  the  computed.    As  the  central  moon- 
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tain  of  Albategnius  is  the  only  point  of  the  first  order  south  of  the  equator 
between  0°  and  15°  of  south  latitude  and  0°  and  10°  west  longitude,  all  posi- 
tion!} In  this  and  the  neighbouring  areas  are  measured  from  it  either  directly 
or  indirectly  on  the  photograph  (glass)  of  1858,  February  22  (De  La  Rue),  this 
giving  the  features  near  the  middle  of  the  disk  more  distinctly  than  that  of  the 
fall  moon.     It  is  to  be  regretted  that  points  of  the  first  order  are  so  few  $  the 
method  of  determining  points  of  the  second  order  involving  a  certain  amount 
of  inaccuracy,  very  few  are  found  to  coincide  with  the  positions  as  given  by 
measurements  on  the  photographs.     B.  &  M.'s  points  of  the  second  order 
are  indicated  thus,  x7,  Ac.    The  crater  IV A*4  and  the  mountain-peak 
I V  A*  **  on  the  east  of  Halley,  may  form  suitable  points  of  the  first  order  for 
the  areas  IV  A*  and  IV  A*.    There  should  at  least  be  one  point  of  the  first 
order  in  each  area. 

In  the  greater  portion  of  this  area  three  distinct  levels  may  be  recognized 
under  suitable  illumination ;  that  on  the  south-west  consists  of  the  northern 
part  of  Hipparchus.  The  central  level  is  that  surrounding  the  crater  IV  A*  4> 
it  is  lower  than  that  of  Hipparchus ;  the  surface  of  Reaumur  constitutes  the 
third  level;  it  is  on  the  east  of  the  area. 

Two  great  lines  of  disturbance  from  Tycho  can  be  traced  on  this  atea,  of 

which  the  western  is  the  most  prominent,  and  appears  as  a  lucid  ray  in  full 

moon.     It  presents  the  character  of  a  gently  swelling  raised  land  acrossthe 

smoother  floor  of  Hipparchus  in  the  southern  part  of  the  area,  and  rises  into 

somewhat  lofty  cliffs  on  the  western  borders  of  IT  A* l0,  and  Bhaeticus  in  the 

northern,     The  eastern,  line  of  disturbance  can  be  well  traced  to  Tycho 

along  the  western  borders  of  Ptolenueus  and  Alphonsus  through  Arzachel, 

having  in  its  interior  produced  a  ridge  on  which  a  crater  is  opened,  it  is 

thence  continued  along  the  west  border  of  Thebit  and  east  border  of  Purbach, 

and  crosses  IV  A*7  and  IV A*4.    In  areas  IV  A*,  IV  A?  a  portion  only  of 

tliim  tine  of  disturbance  appears  lucid  at  the  time  of  full  moon. 

Points  of  the  First  Order.    None. 

Points  of  the  Second  Order  indicated  thus  x> 

X  Y  S.lat  W.long. 

IY  A* 4 -04013  -05665  2  18  3  16 

IV A-8 -04769  -02440  2  44  1  24 

IY  ±*  5 -07672  -00145  4  24  0    5 

IV  A«  7 . .  \ . . .       -07527  -04726  4  19  2  43 

♦•1.  Riubticfs.— Lohrmann's  map,  234,  Sect  I.,  K.  The  part  south  of 
equator. 
Bhtttieus  is  a  well-marked  walled  depression,  apparently  of  a  nearly  tri- 
angular form,  situated  on  the  equator.  It  is  one  of  the  few  formations 
that  can  have  both  the  sun  and  the  earth  in  its  zenith.  Its  walls  are  per- 
fect with  the  exception  of  two  passes,  one  at  its  south  angle,  the  other  at  its 
north-west.  The  west  wall,  which  is  the  highest,  is  nearly  straight,  and 
forms  part  of  the  high  land  which  appears  in  the  full  moon  as^ the  "Bay 
from  Tycho"  passing  through  the  east  border  of  Albategnius.  This  wall  is 
dislocated  by  the  fault  IV  A*  u,  IV  A0  20,  IV  A«7*,  and  it  is  near  the  point 
of  dislocation  that  the  north-west  pass  is  found. 

The  north  and  east  walls  form  a  somewhat  semicircular  mountain-range, 
bat  the  north  being  the  flattest,  teafe  \o  iinpart  t»  toe  formation  a  triangular 
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figure,  and  this  is  increased  by  the  more  gentle  slope  of  the  north  interior  at 
compared  with  the  interior  slopes  of  the  east  and  west  walls  which  are  steepet. 
The  exterior  slopes,  although  rugged,  are  much  more  gentle  than  the  interior* 
The  north  wall  is  disturbed  by  the  same  fault  that  has  dislocated  the  west," 
the  effects  of  which  may  be  seen  in  the  crater  Triesnecker. 

The  level  of  the  floor  of  this  interesting  formation  is  the  lowest  between 
IYAaI°  and  the  Sinus  Medii.  B,  &  M.  mention  and  delineate  a  central 
mountain  in  Rhseticus.  Lohrmann  also  gives  it.  I  observed  and  sketched 
it  1864,  April  14,  and  again  1867,  April  11.  On  the  west  and  south,  and 
including  the  valley  IV  Afl  58  on  the  east,  Rhrcticus  may  be  said  to  be  partly 
surrounded  by  a  second  wall  nearly  equidistant  from  its  centre,  and  about  the 
same  distance  from  the  east  and  west  walls  as  the  length  of  the  east  and 
west  diameter  of  Rhaeticus.  The  portion  of  the  second  wall  on  the  west  is 
parallel  with  the  west  wall  of  Rhaeticus,  and  is  also  the  highest. 

Longest  diameter  from  summit  of  north  wall  to  the  summit  of  south  waS 
east  of"  Pass  "  29"-48. 

Shortest  diameter  at  right  angles  to  the  longest,  from  summit  of  east  to 
summit  of  west  wall  27"*10.  RicciolTs  fflircticus  is  situated  between  Stadias 
and  Copernicus. 

**2.  Beatjmub, — A  somewhat  depressed  plain  surrounded  by  a  "  wreath* 
of  mountains,  V  of  Lohrmann,  Sect.  I.  236,  of  his  map. 

Schmidt  mentions  a  rill,  No.  364,  south  to  north  across  Reaumur.  I  do 
not  find  it  on  the  photograph.  It  was  discovered  in  1853,  May  14,  with  the 
Berlin  refractor. 

3.  Hippabchus. — Lohrmann's  map,  233.    The  north-east  part. 

This  formation,  which  is  very  strongly  individualized  by  Lohrmann  in  his 
Section  I.  (Topographie  der  Sichtbaren  Mondoberflache),  and  nearly  as  much 
so  by  B.  <fc  M.,  can  hardly  be  said  to  possess  so  distinct  a  character,  for  ilk 
only  when  the  terminator  is  in  its  neighbourhood  that  its  real  features  tn 
well  seen.  Indeed,  B.  &  M.  describe  it  as  an  assemblage  of  diverse  huor 
forms,  rather  than  a  general  whole,  which  are  only  seen  to  advantage  near 
the  time  of  sunrise  and  sunset ;  for  at  these  times,  especially  at  sunrise,  the 
interior  surface,  of  a  dark-grey  and  furrowed  through  by  long  shadows,  sepa- 
rates itself  distinctly  from  the  brighter  environs.  According  to  later  obser- 
vations, it  appears  to  consist  of  a  tract  of  land  between  two  depressions, 
Albategnius,  and  the  low  land  IV  Aa !  l,  which  surrounds  the  crater  IV  kaA. 
Of  these  depressions  Albategnius  is  the  lowest.  The  surface  of  Hipparchus 
is  slightly  convex,  the  highest  point  being  near  the  formation  IV  A*  58.  Its 
boundaries  differ  very  considerably  from  the  ordinary  boundaries  of  walled 
plains,  so  much  so  that  it  can  scarcely  be  regarded  as  a  formation  of  this  class. 
As  figured  by  Lohrmann  and  B.  &  M.,  its  S.W.  boundary  commences  near  the 
bright  crater  IV  A*  33,  and  is  continued  in  a  nearly  straight  line  to  the  valley 
IV  A1* 6.  This  boundary  is  really  that  of  the  mass  of  high  land  in  which 
Halley,  Hind,  IV  A1* 2  and  IV  A*  8,  are  opened,  and  which  appears  to  be  the 
highest  in  this  part  of  the  moon ;  and  the  boundary  is  continued  as  a  high 
steep  range  of  mountains  E.S.E.  along  the  steep  crater  rill  IV  A*67  on  the 
north  of  Albategnius  to  the  junction  of  the  S.W.  and  west  borders  of  Ptole- 
mceus  and  Alphonsus.  The  west  border  of  Hipparchus  coincides  with  the 
"fault"  IV A*  lt,  IV  A/*20,  IVA«72  (this  faillt  extends  as  far  as  or  beyond 
meeker).  The  north  boundary  differs  in  a  very  marked  degree  from  the 
,  inasmuch  as  the  land  on  the  S.W.  rises  to  a  considerable  elevation, 
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while  on  the  N.N.E.  it  is  depressed.    The  north  boundary  consists  of  cliffs 
which  do  not  appear  to  rise  much,  if  at  all,  above  the  surface  of  Hipparchus, 


Hipparchus. 


their  faces  looking  towards  the  depressed  land  IV  A*  n.  It  is  this  feature 
vhich  occasions  the  evanescent  character  of  Hipparchus,  so  that  in  about 
forty-eight  hours  after  the  terminator  has  passed  it,  this  boundary  is  no 
longer  discernible.  It  is  in  the  neighbourhood  of  IY  A*  7  that  the  cliffs  be- 
gin to  rise  to  any  extent  above  the  surface  of  Hipparchus,  and  it  is  here  that 
the  east  boundary  commences.  This  boundary  passes  through  IV  A*17, 
IV  A<39,  the  mountains  IV  A*37  and  IV  A*61,  the  west  slope  of  IV  A?6  to 
IV  A*33,  where  the  8.W.  boundary  commences. 

The  south  angle  of  Hipparchus  is  filled  with  the  formation  IV  A*  25>  which 
is  slightly  depressed  below  its  level,  the  land  filling  the  angle  between  Alba- 
tegnius  and  Ptolemeeus  being  higher. 

*4.  A  crater  just  S.W.  of  a  line  joining  the  south  point  of  Rhaeticus 

with  the  S.W.  point  of  Reaumur.     H.  of  B.  <fc  M.  6"-18,  mag.  0-37. 

Shown  by  Lohrmann.  , 

This  crater,  although  neither  large  nor  bright,  is  yet  sufficiently  conspicuous 

to  form  a  point  of  the  "  First  Order."    Its  position,  second  order,  x  4,  as  given 

by  B.  &  M.,  is  -0145  west  of  its  position  as  measured  on  the  photographs. 

This  crater  is  very  interestingly  situated  on  the  depressed  land  IV  A#,,» 
extending  between  Rh&ticus,  Horrox,  and  Reaumur,  and  is  surrounded  by 
mountains  and  cliffs  disposed  in  a  nearly  circular  form  at  an  average  dis- 
tance of  24"«73.    These  mountains,  however,  must  not  be  regarded  as 
by  any  means   intimately  connected  with  the  crater;   for  the  ranges  of 
which  they  form  parts  have  over  a  very  extensivo  area  a  general  direction 
S.8.W.-N.N.E. ;    but  the  interesting  feature  is,  that  with  the  exception 
of  those  to  the  N.E.,  the  summits  of  the   mountains  in  the  neighbour- 
hood of  IV A*4  attain  their    greatest  altitudes  at  or  about  the  distance 
above  named.     "We  are  not  without  numerous  instances  of  craters  being 
accompanied  by  strong  evidences  of  their  having  been  centres  of  considerable 
disturbance ;  and  although  but  few  radiating  marks  are  found  characterizing 
IV  A*4,  yet  they  are  not  entirely  wanting,  as  doubtless  large  apertures  will 
show;  bo  that  it  is  not  unlikely  that  while  the  general  mountain  formations 
originated  by  the  operation  of  a  force  of  a  very  extensive  character,  the  out- 
burst which  produced  IV  A*4  might  within  its  range  of  action  have  modified 
foe  surrounding  surface.  It  is  noteworthy  that  IV  A*  4  and  the  group  IV  A*  \ 
are  opened  upon  a  "  Ray  from  Tycho,"  which  is  coincident  with  the  high 
^ge*  forming  the  west  borders  of  Ptolemocus  and  Alphonsus,  and  also  with 
the  crater  and  ridge  on  Arzachel.     It  is  probable  some  of  the  highest  peaks  in 
the  central  portion  of  the  southern  hemisphere  may  be  found  on  this  ray.   Its 
direction  is  S.8.E.-N.N.W.,  and,  as  mentioned  under  IV  A  *,  is  to  be  referred 
to  a  more  recent  convulsion  than  that  which  produced  the  lines  of  disturbance 
™™%  a  general  direction  S.S.W.-N.N.E. 

5.  A  mountain-peak  on  the  S.W.  border  of  Reaumur,  A  of  B.  &  M. 
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Length  of  crest  8"*08.     Positiftn,  second  order,  x5*  -0103  wattf 

photograph.    Not  well  shown  by  Lohrmann. 

This  peak  is  a  conspicuous  object  on  the  line  of  cliffs  extending  from  tk 

east  of  Ptolemeeus  past  Herschel  (IIIA^1),  and  the  west  rim  of  Reaumur 

to  the  S.W.  end  of  the  rill  of  Hyginus.     See  partial  description  in  Sotes 

on  III  A*. 

♦6.  A  crater  8.E.  of  Reaumur  8"-08,  mag.  0*5. 
In  consequence  of  the  position  of  objects  being  more  to  the  east  in  arc* 
IY  A*,  the  west  border  only  comes  into  IV  A0.    The  crater  is  a  conapi*»e3s 
object  on  the  line  of  clifis  noticed  under  IY  A*5.    92  Lohrmann,  Sec  L 
*7.  A  crater  between  Reaumur  and  Halley,  also  between  Herald 
and  Horrox.     F  of  B.  &  M.,  5"-71,  mag.  0-34.     Position  seaod 
order  x  7,  '0189  west  of  photograph. 
.  This  crater  is  placed  by  B.  &  M.  and  Lohrmann  on  the  N.E.  border  of  Hip- 
parchus, which  is  figured  both  by  B.  &  M.  and  Lohrmann,  as  a  plain  pu- 
rounded  by  mountains  (see  ante,  p.  248),  1867,  Feb.  11,  I  found  it,  as  figared 
by  B.  &  M.  and  Lohrmann,  opened  on  a  mountain.     It  is  probable  that  » 
mountainous  connexion  exists  between  Reaumur  and  IV  A*  86. 

8.  The  N.W.  part  of  the  line  of  cliffs  from  Reaumur  to  HerscheL 
*9.  The  N.W.  part  of  a  plain  west  of  Herschel,  the  W  of  Lohmmti, 
Sect.  I.     See  IV  A*24. 
**10.  A  crater-form  depression  south  of  Rhroticus. 
This  depression*  which  is  a  very  conspicuous  and  well-marked  object  on  the 
photograph  of  February  22, 1858,  is  hardly  if  at  all  recognizable  on  B.  &  M.'s 
map  or  Lohrmann's,  Sect.  I.     Its  form  is  sufficiently  remarkable  to  arrest 
the  attention.    The  southern  part  presents  the  appearance  of  a  crater  vhidi 
is  elongated,  and  contracted  towards  the  north,  from  whence  a  valley  IV  Am3S 
extends  towards  Rhaeticus. 

The  south  end  of  IV  A*  l0  forms  a  somewhat  high  cliff,  IV  A* ,4,  as  com- 
pared with  its  interior.  The  valley  IV  A*  32  is  excavated  in  this  diff ;  IV  A" l0 
is  more  particularly  described  under  IV  A«  42. 

The  west  border  of  Rhseticus,  and  also  that  of  IV  A* ,0,  the  cliffs  passing 
east  of  Horrox  and  crossing  Hipparchus  with  the  formation  IV  A***,  and  the 
mountains  continued  as  far  as  the  crater  IV  A*  8  on  the  east  of  Albategnius, 
together  form  a  line  of  cliffs  with  gently  sloping  faces  towards  the  west  by 
south.  This  line  of  cliffs  comes  out  in  the  full  moon  as  a  "  Ray"  directed 
towards  Tycho.  It  is  well  marked,  and  more  or  less  continuous,  although  in 
many  places  it  suffers  interruptions. 

11.  The  tract  of  low  land  surrounding  IV  A*4  discovered  by  W.  R. 
Birt,  1866,  Nov.  14. 

It  is  principally  at  the  time  of  sunrise  that  this  tract  is  perceptible  as  a 
depressed  surface  ;  at  other  times,  except  that  of  sunset,  it  is  scarcely  if  at 
all  distinguishable  from  the  surface  of  Hipparchus.  * 

12.  A  somewhat  wide  valley  between  IV  A«  8*  and  IV  A*  30  on  the  lhie 
of  cliflfefromlVA*7  to  IV  A*10.  The  east  and  west  sides  rise  into 
eminences;  IV  A*30  on  the  east  is  immediately  "between  IVA-1' 
and  IV  A* ' 8,  its  sloping  sides  forming  respectively  the  east  and  west 
interiors  of  the  depressions  adjoining.  An  attentive  inspection  will, 
however,  convince  the  observer  that  IV  A*  80  is  a  mountain  sloping 
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in  every  direction,  and  that  the  depressions  east  and  west  present 
the  characteristics  of  valleys  in  the  line  of  cliffe  on  the  south  border 
of  IY  A* 1 1.  The  eminence  on  the  west  is  the  east  side  of  the  val- 
ley IV  A*  s9.  The  approximate  measures  of  IV  A* 12  are,  length 
S.S.W.-N.N.E.,  12"-0,  breadth  9"-0. 
13.  A  bay  in  the  south  border  of  IV  A*11  between  IVA*12  and 

IV  A*  *». 
1«4.  A  cliff  or  mountain-peak  south  of  IV  A*  10.  Shown  by  Lohrmann. 
From  this  cliff  there  are  three  divergent  lines,  one  slightly  west  of  south 
to  IYA*58;  this  (IVA*4*)  forms  the  west  foot  of  the  cliff,  IVA*33, 
tV  A*  S3,  IV  A*  14 ;  one  nearly  due  south,  but  slightly  inclined  to  east,  this 
forms  the  summit  of  the  cliff  IV  A*38,  which  is  furrowed  by  IVA*81.  The 
third  passes  through  the  mountain  IV A*37,  and  in  the  south  part  of  its 
course  is  coincident  with  the  east  edge  of  the  shallow  and  sinuous  continua- 
tion of  the  valley  IV  A*  85. 

IV  A-  ,4,  IV  A*3*,  IV A- 12,  IV  A*3°,  IV A*  *3,  and  IV  A*28  exhibit 

a  well-marked  and  characteristic  line  of  cliffe  south  of  the  crater  IV  A*  4 ;  a 

depression  IV A*80,  not  unlike  IV  A*12  and  IVA*13,  connects  IV A*4 

with  this  line,  to  which,  with  the  mountains  around,  IV  A*  4,  stands  somewhat 

\n  tas  relation  of  a  centre. 

15.  A  short  mountain-range  extending  S.E.  from  the  S.E.  border  of 
Ehaeticus.  IV  A*  7  and  IV  A*4»  with  III  A* lG,  the  crater  on  the 
floor  of  Ptolemsus,  are  in  the  continuation  of  this  line. 

1 6.  A  mountain-peak  on  the  west  border  of  Reaumur.  Length  of  crest 
7"-13 ;  probably  B.  &  M.'s  (3.    Not  well  shown  by  Lohrmaon. 

17.  A  bright  spot  S.S.W.  of  IV  A*  7,  the  north  part  6"-94,  mag.  0-37 ; 
probably  a  crater  in  the  east  boundary  of  Hipparchus.  See  IV  A*  39- 

•18.  A  craterlet  S.E.  of  Horrox.    2"*85,  mag.  0-18. 

19.  A  mountain-peak  on  the  N.W.  border  of  Reaumur.    Length  7"#13. 
IV  A* 16  and  IV  A* 19  are  in  continuation  with  a  slight  break.    IV  A*  5 

and  IV  A* 16  are  quite  detached.     None  are  shown  well  by  Lohrmann. 

20.  A  depression  between  IV  A"  4  and  IV  A* 13,  and  also  IV  A*  **. 
Direction  S.S.W.,    length  12"-36,  breadth  6" -66.     Two  rays  proceed 

from  the  E.S.E.  side ;  the  S.S.W.  ray  extends  as  far  as  IV  A-27,  and  the 
N.N.E.  ray  nearly  as  far  as  IVA*81.  The  depression  oonsists  of  two  parts, 
one  to  the  S.S.W.,  the  other  to  the  N.N.E.,  not  very  unlike  two  craters  that 
had  coalesced.  This,  however,  is  hardly  likely  to  have  been  the  nature  of 
their  origin,  for  they  rather  appear  to  be  hotlows  in  the  E.S.E.  side  of  the 
chain  of  low  mountains  or  cliffs  running  towards  Hipparchus.  Two  summits 
in  this  chain  are  discernible,  IV  A*  3°  at  the  W.N.W.  end  oi  the  depression, 
IV  A* 13  and  IV  A*  31  forming  the  S.W.  part  of  IV  A*  *>r  A  somewhat 
similar  formation,  IV  A  *  54,  but  rather  smaller,  occurs  near  and  to  the  south 
of  the  group  IV  A5  !  J  both  IV  A*90  and  IV  A*5*  have  the  same  direction. 

21.  A  mountain  S.W.  of  IV  A*  5  with  a  spur  running  between  IV  A-  2S 
and  IV  A*  *7.    Ill  figured  by  Lohrmann. 

22.  A  craterlet  B.&B«  of  IV  A*  7  3"-6,  magv  0-gJ,    Not  in  Lohrmann. 
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23.  A  cratorlct  S.E.  of  IV  A*  «  2"-85,  mag.  0-18. 
IV  A*  7,  IV  A*  22,  and  IV  A*  23  form  a  short  crater-row ;  length 

which  with  IV  A*  2*,  IV  A*  26,  and  the  mountains  extending  toward* 
mur,  form  an  interesting  group  between  IV  A* 1  and  its  siirroundinp, 
IV  A*  4.    It  is,  however,  not  nearly  so  conspicuous  as  the  group  IT  A**, 

24.  A  somewhat  shallow  crater  opening  into  the  volley  IV  A**9.  W 
in  the  line  of  disturbance  IV  A*  5— IV  A*  7.    6"-66, mag.  0*381  l 

This  line  is  very  exactly  in  the  prolongation  of  VIII.  S.S.W.  of  IV  A*,  M 
separated  from  it  by  the  comparatively  smooth  floor  of  Hipparchus,  wbklj 
extends  here  over  a  wide  space.  • 

25.  A  short  mountain-range  east  of  IV  A*  24  and  IV  A*  2I ;  ki*ti «J 
crest  11"*0.  It  appears  to  take  its  rise  at  the  east  edge  of  IT  A*  *Vjf 
and  nearly  fills  the  angle  of  IV  A*  21.  ] 

26.  A  craterlet  W.N.W.  of  IV  A*  24,  3"-l,  mag.  0-18,  shown  byft l£ jj 
but  misplaced.     Shown  much  larger  by  Lohrmann  ? 

27.  A  short  mountain-range,  crest  somewhat  sinuous,  extending 
IV  A*  24  and  IV  A-  26  towards  IV  A* 16 ;  length  of  crest  11H] 

28.  A  short  mountain-range  west  of  IV  A*7  and  IV A*25, 
S.S.W.,  length  of  crest  8"-56,  breadth  of  base  6"-18.    The  W.X, 
slope  appears  to  be  more  gentle  than  the  opposite,  and  the  crest 
rounded.    The  north  end  of  this  mountain-range  appears  to  It 

.    B.  &  M.'s  y,  and  Lohrmann's  Sec.  I.  33.  j 

29.  The  valley  between  IV  A*  25  and  IV  A*  27,  apparently  commiimcs^ 
ing  with  IV  A*  24»  .  Shown  by  Lohrmann.  I 

30.  A  mountain  between  the  depressions  IV  A*  12  and  IV  A-  M. 
81.  A  mountain  at  the  S.W.  end  of  IV  A*20;  its  west  slope  is p- 

minent.    Shown  by  Lohrmann,  Sec.  I.  near  32  and  33. 

32.  A  short  valley  S.S.E.  of  IV  A* 10,  length  H"-74,  breadth  5  &  - 
This  valley  is  very  exactly  in  the  line  of  the  similar  valley  IV  A* l8  *hA  ■ 

pierces  the  line  of  cliffs  IV  A*  16,  forming  the  south-west  border  of  Hipper* 
chus.  The  surface  of  Hipparchus  from  IV  A"  18  to  the  cliff  IV  A«  ,4  on  which 
IV  A*  32  is  situated,  appears  to  be  smooth.  The  direction  of  the  line  joining 
the  valleys  (S.S.  W.)  is  sensibly  parallel  with  the  lines  VIII.  S.S.W.,  IX.  8.S.V. 
Area  IV  A*.  The  S.S.W.  mouth  of  IV  A*  32  is  blocked  by  the  summit  of 
the  cliff  IV  A«  3S  coincident  with  the  «  Eay  from  Tycho.,, 

33.  The  northern  part  of  the  cliff  IV  A*  38. 

The  cliff,  or  rather  the  gently  rising  or  swelling  ground  of  which  IT  A** 
is  the  southern  extremity,  extends  lengthwise  from  the  north  of  ITA4"  "• 
where  it  is  broadest,  to  the  west  of  IV  A*10,  where  it  merges  into  the  ctf 
IV  A*  14.    The  west  foot  is  well  marked  as  it  crosses  Hipparchus. 

34.  The  east  part  of  the  interior  slope  of  Horrox,  IV  A0 16. 

35.  A  small  hillock  on  the  east  of  Horrox,  2"*38,  mag.  0-16. 

IV  A*  10°,  IV  A»  18,  and  IV  A*35  are  upon  the  foot  of  the  rising  gnxurf 
IV  A*  38, 1 VA*  3S.  A  faint  ray  connects  IV  A*  35  with  the  mountain  at  tht 
extremity  of  IV  A*  32  in  the  direction  of  the  dotted  line. 
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S6.  A  abort  mountain-range  nearly  crossing  IY  A*  i0,  length  of  crest 
12"-36.     Not  well  shown  by  Lohrmann. 
Ids  mountain-range  lies  precisely  in  the  direction  of  a  faint  ray,  IV  A*  8S, 
nIVA«*. 

37.  Two  adjoining  mountains  on  the  west  border  of  IV  A* 10. 

38.  An  elongated  depression  or  valley  in  the  north  part  of  IV  A* 10 
(see  IV  A*  4*).    Not  in  Lohrmann. 

39.  A  mountain  on  the  west  border  of  IV  A*  3H. 

40.  A  mountain-range,  its  south  end  projecting  into  IV A*38. 

41.  A  lucid  spot  west  of  IV  A*  4,  probably  the  south  slope  of  an  emi- 
nence on  IV  A*  l5.     Not  in  Lohrmann. 

42.  A  line  of  fault  extending  north  from  IV  A* 12  which  it  crosses.  It 
is  continued  east  of  IV  A*  10  as  far  as  the  range  IV  A*  ,5,  and  re- 
appears on  the  north  side  of  IV  A*  15  in  the  ridge  IV  A*  *3. 

The  surface  immediately  west  of  this  fault  is  very  greatly  disturbed,  ex- 
biting  a  series  of  somewhat  intricate  formations,  which  are  ill  figured  both 
J"  B.  &  M.  and  Lohrmann.  The  most  remarkable  are  IV  A* 10,  IV  A*  38> 
nd  IV  A*  4°.  As  these  formations  appear  to  be  intimately  connected,  it  may 
p&aps  be  better  to  describe  them  with  the  fault.  IV  A* 10  is  a  consider- 
able depression,  a  little  east  of  the  line  joining  Rheeticus  and  Horrox.  Its 
west  aide,  which  is  continued  in  a  N.N.E.  direction,  as  the  west  side  of  IV  A*  38 
*  rather  considerably  elevated.  It  is  on  the  "  Ray  from  Tycho,"  and  is 
na*ed  hy  the  peaks  IV  A* 14  at.ite  south  end,  IV A* 3?  (two)  on  its  west 
ride,  and  IV  A«  3*  at  its  junction  with  IV  A«  38,  and  also  the  cliff  IV  A«  *>. 
in  interior  ledge  on  the  west  side  is  visible.  The  floor  of  IV  A*  10  is  irregu- 
ar  and  rough,  the  east  interior  slope  being  seen  under  a  suitable  illumination 
naing  from  it.  The  most  interesting  feature  of  IV  A" ,0  is  a  ridge,  IV  A*  36> 
nearly  but  not  quite  crossing  it  from  east  to  west.  A  faint  ray,  IV  A*  83> 
extends  between  the  east  end  of  this  ridge  and  the  crater  IV  A*  4,  and  is 
continued  (IV  A*61)  in  a  slightly  altered  direction  on  the  opposite  side  of 
IV  A**.  The  north  part  of  the  depression  IV  A- 10  is  connected  with  the 
south,  round  the  west  extremity  of  IV  A*  36.  South  of  IV  A«  ">  fc  the  val- 
ley IY  A*  **;  the  two,  however,  are  not  connected,  although  there  is  a  par- 
tial depression  in  the  south  wall  of  IV  A*  I0,  for  IV  A*10  is  much  deeper 
than  IV  A*3*. 

Running  into  IV  A11 10  on  the  north,  is  the  depression  IV  A*  38*  closed  at 
its  south  end ;  both  the  east  and  west  sides  are  somewhat  elevated,  but  the 
north  is  entirely  open,  giving  ingress  to  the  narrow  extremity  of  the  moun- 
tain-range IV  A*  *°.  All  the  depressions  to  the  south  of  Bharticus  are  very 
ttn™  "  craters,"  as  a  single  glance  at  Horrox  will  sufficiently  indicate.  They 
appear  to  fill  the  space  between  two  ranges  of  mountains  which  diverge  from 
a  P°int  south-east  of  Bhsticus.  This  space  attains  its  greatest  width  in  the 
aeighbourhood  of  the  mountain-range  IV  A*  86,  which  nearly  crossesIV  A*  10, 
Jjj4  the  two  ranges  unite  at  the  south-west  extremity  of  the  valley  IV  A*  83* 
*»•  axis  of  the  larger  irregular  and  partially  blocked  valley,  extending  from 
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Rhteticus  to  the  S.W.  end  of  IV A*32,  is  parallel  with  the  line  tf  Ut 
IV  A*  « 

The  surface  on  the  east  of.  the  south  part  of  the  Hue  of  fault  is  vaj  B- 
ferent.  Between  it  and  the  mountains  IV  A*  *°  and  IV  A*  sl,  it  appeaa to 
be  generally  smooth,  but  diversified  by  rays  which  in  a  measure,  although  a* 
ve*y  marked,  converge  to  IV A*4  as  a  centre.  Between  IV A*4  sti 
IV A«38  is  the  lucid  spot  IVA*4!. 

43.  A  mountain-ridge  in  the  continuation  of  the  line  of  fault  IV  A*  *f< 
direction  8.  by  W.,  face  toward  W.  by  N.,  length  23"-0.  It  Ins 
upon  it  three  eraterlets. 

44.  The  south  of  two  eraterlets  near  the  south  end  of  IV  km45  Til 
mag.  0-06.    Not  in  Lohrmann. 

45.  The  north  of  two  eraterlets  near  the  south  end  of  IV  A*49  It', 
mag.  0*06.    Not  in  Lohrmann. 

46.  A  craterlet  on  the  north  part  of  IV A* 43  1"0,  mag.  0-06. 
47*  A  deep  cleft  on  the  south  border  of  the  Sinus  MediL 

The  east  side  of  this  cleft  is  a  continuation  of  IV  A*  43. 

48.  The  south  part  of  the  second  wall  of  Rhseticus. 

49.  A  line  of  fault  extending  from  the  south  part  of  IV  A*58  to  tb 
west  border  of  Rhaeticus,  where  it  intersects  the  fault  I V  A* n 
IV  A0  20,  IV  A*  72.  The  portion  between  IV  A* 10  and  IV  A* J 
(Rhaeticus)  is  on  the  "  Bay  from  Tycho.* 

50.  A  cliff  on  the  north  part  of  the  west  border  of  IV  A*  "m 
••61.  The  mountain-arm  west  of  IV  A"  9,  IV  A*  M,  the  north  part 

52.  A  curved  mountain-range  extending  from  IV  A*  M  to  the  erf/rt 
of  the  valley  IV  A«*>. 

53.  A  short  shallow  valley  on  the  north  border  of  IV  A*  *  length  8T-5G, 
breadth  9"*99.    Lohrmaan's  Sec.  I.  90. 

54.  A  chain  of  mountains  extending  from  the  west  border  of  IV  A*  • 
to  the  south  of  Reaumur,  length  JB"*0.    Shown  by  Lohrmann. 

55.  A  mountain  between  IV  A*51  and  Reaumur,  also  between  IV  A* 79 
andlVA*80. 

50.  A  mountain  N.W.  of  IV  A»  **.    3"-5. 

57.  A  craterlet  on  the  south  border  of  Reaumur.    3"*8,  mag.  0-26. 

58.  A  valley  east-of  and  parallel  with  IV  A"4S. 

This  valley  is  very  interestingly  situated  with  regard  to  Rhaeticus.  It  » 
about  as  far  from  the  east  border  of  Rhaeticus  as  the  west  portion  of  the  secoai 
wall  is  from  the  west  border,  but  unlike  this  portion,  in  its  being  depressed, 
instead  of  elevated  above  the  surface.  The  dilutions  of  the  two  are  also  dif- 
ferent, the  high  west  ranges  being  S.S.E.,  and  the  depressed  valley  south  ty 
west.  Their  directions  produced  meet  at  the  south  part  of  IV  A*  w,  tat 
there  are  no  indications  of  any  connecting  formations.  The  spaoe  between 
Rhaeticus  and  IV  A*  58  is  occupied  by  rugged  ground,  about  the  middle  J 
which  the  ridge  IV  A*  4S  is  elevated. 

IV  A«58  lies  very  txacily  in  the  line  of  depression  IV A«17,  IV A'5*, 
IV  A* 1S,  the  direction  of  which  is  south  by  west.  This  line  of  depmioB 
interaeets  VIIL  B.8.W.  in  the  mountain  IV  A*  » 
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69.  A  ridge  between  IV  A*  47  and  the  north  end  of  IV  A*  **,  xhia 
ridge  is  on  the  line  of  cliffs  between  Ptolemeeus  and  the  8,W.  end 
of  the  rill  of  Hyginus. 

00.  A  craterlet  north  by  east  of  IV  A«  58.     3"-5,  mag.  0-21. 

61.  A  ray  from  IV  A*4>  extending  in  a  N.E.  direction  as  far  as  the 
range  of  cliffii  N.W.  of  Reaumur,  Schmidt's  rill,  No,  365,  N.W.- 
S.E.,  discovered  by  him  in  1853,  May  14,  with  the  Berlin  refractor, 
is  near  this  ray.     I  do  not  find  the  rill  on  the  photographs. 

62.  A  low  ridge  from  IV  A* lG  to  IV  A«  58,  forming  a  depressed  portion 
of  the  Kne  of  cliffs  from  Ptolemaeus  to  the  S.W.  end  of  the  rill  of 
Hyginus.  J 

63.  A  mountain  on  IV  A*  e*.    Probably  shown  by  Lohrmamu 

64.  A  carved  mountain-range  between  IV  A* l9  and  IV  A*  61, 

65.  A  curved  mountain-range  N.W.  of  IV  A*  6l, 

66.  A  low  ridge  connecting  IV  A*61  with  IV  A*65.  j 

Ibis  low  ridge  is  nearly  parallel  with  the  depressed  portion  between 

IVA« 16  and  IV A*5*  of  the  line  of  cliffii  from  Ptolenraus  to  the  rill  of 
Hyginus. 

67.  The  S.W.  border  of  Reaumur. 

68.  A  dark  spot  east  of  IV  A*  GS. 

69.  A  dark  spot  north  of  Reaumur. 

70.  A  light  spot  north  of  IV  A*  68. 

JV  A«««,  IV  A*<*.  and  IV  A«  70  fona  part  of  a  line  of  cliffs  north  and 
N.W.  of  Reaumur,    It  is  shown  by  Lohrmann, 

71.  A  bright  spot  between  IV  A^  16  (Horrox)  and  IV  A«  17. 

72.  Part  of  the  «  Fault*  IV  AT  "  IVA**\ 

This  interesting  "  Fault,"  which  is  of  considerable  extent,  takes  its  rise  t» 
the  crater  IV  A*  *,  the  north  border  of  which  is  cracked  by  it.  The  fault 
has  dislocated  the  SJS.  end  of  the  mountain-chain  IV  A*  **,  and  produced 
the  long  narrow  valley  IV  A* ll.  About  the  middle  of  IV  A*  n  it  is  inter- 
sected by  the  fault  IV  A*  23,  which  taking  its  rise  on  the  east  border  of  Hind, 
can  he  traced  nearly  as  far  as  Godin.  This  fault,  IV  A9  *9,  is  coincident  with 
the  "  Bay  from  Tycho"  which  passes  through  or  along  the  west  border  of 
Albategnius,  and  also  crosses  the  Mare  Screnitatis.  It  is  on  this  Bay  that 
Beesel  is  situated.  Just  north  of  the  point  of  intersection  of  the  two  faults 
the  ground  rises,  the  crater  IV  A? ,9  being  included  in  the  angle  formed  by 
the  intersection.  Near  the  point  of  intersection  the  fault  IV  A* 1 1  enters  the 
area  IV  A^,  in  which  it  is  designated  as  IV  A^  *°.  On  the  extreme  edges  of 
the  clih%  formed  by  IV A*20,  the  small  craters  IV  A**1  and  IV  A*1*  have 
been  opened.  From  IV  A*  **  the  fault  proceeds  directly  to  the  west  border 
of  Rhffiticus,  having  dislocated  IV  A/3  s3,  the  west  portion  of  IV  A*  48.  The 
west  and  north  borders  of  Rhaeticus  have  suffered  very  marked  dislocations 
by  this  fault.  Its  effects  are  not  visible  on  the  smooth  surface  south  of 
Tricsnecker,  which — as  well  as  the  crater  Ukert — has  suffered  by  it,  and 
much  disturbance  occurs  in  the  same  Kne  as  far  as  the  Apennines. 

An  interesting  question  as  to  priority  of  epoch  suggests  itself  in  connexion 
with  these  faults.    The  neighbourhood  of  IV  A*  36  indicates  that  of  the  two 
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lines  intersecting  at  that  point,  the  one  from  Tycho  is  the  most  recent.  2fa 
the  ray  from  Tycho,  on  which  the  fault  IV  A"  2S  occurs,  is  nearly  parallel  win 
the  one  on  which  IV  A*  36  is  found,  and  it  may  be  of  nearly  the  same  tgt 
The  fault  IV  A"  1 1 ,  IV  A*  *°,  IV  A«  ™  which  intersects  IV  A'  **,  is  nourkm 
obliterated  between  IV  A" 2  and  the  north  border  of  Rhaeticus,  while  in  the 
neighbourhood  of  IV  A*19  the  fault  IVA«SS  is  obliterated,  the  derated 
ground  on  which  the  crater  is  situated  effacing  it.  Does  this  point  to  a  more 
recent  epoch  than  that  of  Tycho  for  the  outburst  of  the  crater  IV  A*  2  ?  Also, 
Is  the  fault  IV A*23  more  recent  than  the  ray  from  Tycho  an  which  it 
occurs? 

73.  ArillfromIVA*»«toIVA»1Mength2r'-87.  Schmidt,  No.  363. 
Schmidt  discovered  this  rill  in  1853,  on  May  14,  with  the  Berlin  refractor. 

He  describes  it  as  having  a  N.E.  and  S.W.  direction,  and  extending  foa 
Hipparchus  y  to  Reaumur  /3  of  B.  &  M.'s  map.  It  is  very  faintly  traeesbfc 
on  the  photograph,  and  may  probably  be  a  crater-rill. 

74.  A  rill  crossing  Bhaeticus  from  S.E.  to  N.W.    Schmidt,  No.  366. 
This  rill  was  also  discovered  by  Schmidt  in  1853,  on  May  14,  with  the 

Berlin  refractor.     There  is  another  rill  more  to  the  N.  in  Quadrant  I.  cross- 
ing Rhseticus,  probably  Nos.  47  and  48  of  Schmidt's  Catalogue.     Theee  were 
discovered  by  him  on  the  same  day,  and  with  the  same  instrument  with 
which  he  discovered  the  above-mentioned  rills,  viz.  Nos.  363,  364,  365,  and 
366.     Both  the  rills  in  Bhaeticus  are  apparent  on  the  photograph. 
$75.  The  continuation  of  the  shallow  part  of  the  valley  IV  A?85. 
$76,  The  depressed  portion  of  the  valley  IV  A*  75  discovered  by  W.  B. 
Birt,  1866,  Nov.  14,  with  the  lloyal  Society's  achromatic  of  4i-iiich 
aperture,  power  230. 
This  object,  as  well  as  the  valley  of  which  it  forms  part,  is  very  evanescent, 
being  visible  only  about  the  time  of  sunrise. 

77.  A  valley-like  depression  running  S.W.-N.E.  between  the  faults 
IV  A0*°  and  IV  A»49,  from  IV  A/5^  to  IV  A"™. 

78.  A  crater  in  the  angle  between  IV  A«33  and  IV  A«4*,  length 
E.-W.  9"-03,  breadth  S.-N.  4"-76,  mag.  0-42. 

79.  A  depression  on  the  S.W.  slope  of  IV A*54,  most  probably  b of 
B.  <fc  M.,  length  4"-76. 

80.  A  mountain-range  running  between  IV  A*  2S  and  IV  A*  55,  length 
of  crest  22"-82.     Probably  the  S.E.  side  of  Lohrmann's  87,  Sec  I. 

81.  A  depression  on  the  S.W.  slope  of  IV  A* 54,  N.N.W.  of  IV A*79, 
length  6"-66. 

82.  A  small  depression  north  of  IV  A* 13.    2"-3,  mag.  0-15. 

83.  The  ray  from  IV  A*4  to  IV  A«  36. 

84.  A  mountain-peak  on  the  N.W.  border  of  Beaumur  in  conti- 
nuation of  IVA"19,  length  6"-18.  IVA*16,  IV  A*1*,  and 
IV  A*- 84  form  an  almost  continuous  mountain-chain  on  the  N.W. 
border  of  Beaumur,  length  22"*35.  This  mountain-chain  is  con- 
nected with  IV  A*  28  by  the  rill  IV  A*  *3. 

85.  A  shallow  depression  west  of  IV  A«  ™     3'  -33. 
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Area  IV  A*. 
Introduction. 

TTie  greater  portion  of  this  area,  which  possesses  much  irregularity  of 

surface,  is  principally  occupied  by  four  groups  of  objects,  viz.,  those  on  the 

roclcy  land — partly  surrounding  a  plain — in  the  angle  formed  by  the  N.E. 

\>order  of  Albategnius  and  the  N.W.  border  of  Ptolemaeus ;  the  crater  group 

in  the  north  angle  of  Albategnius ;  the  slightly  depressed  surface  IV  A*  25 ; 

and  the   lower  land  north  of  the  crater-row  from  IV  A* l  to  Ptolemams, 

These  groups  occupy  nearly  twenty  superficial  degrees,  or  about  6953  square 

miles.    The  remainder  of  the  area,  about  1857  square  miles,  is  occupied  with 

the  much  more  level  surface  of  the  south  part  of  Hipparchus  and  the  region 

east  of  it. 

In  the  four  groups  of  lunar  objects  above  named  there  are  no  large  craters; 
the  largest  is  IV  A*1,  which  measures  10"-94,  mag.  0-70.  The  following 
arrangement  shows  the  distribution  of  44  as  to  size :  — 

Between  1"— 2"  2"— 3"  3"— 4"  4"— 5"  5"— 6"  6"— 7"  7"-8" 
Objects..      3  10         11  6  0  4  4 

Points  of  the  First  Order.     None. 

Points  of  the  Second  Order  indicated  thus  x . 

X  Y  S.lat  W.long. 


IV  A*'.... 

•13716 

•03486 

7  53 

2  1 

IVA*10... 

•17250 

•08157 

9  56 

4  45 

IV  A*1*... 

•16476 

•03012 

9  29 

1  45 

•*1.  A  crater  situated  on  the  rocky  land  between  Ptolemseus  and  Hip- 
parchus. Lohrmann,  235  on  map,  X  in  Section  I.,  who  describes  it 
as  of  16-1  English  miles  in  diameter,  7°  of  brightness,  the  floor 
being  5°,  mag.  0*70.     I  suspect  a  central  mountain  in  it. 

This  crater  is  of  irregular  form  and  not  round,  as  given  by  Lohrmann.  A 
line  between  IV  A*5  and  IV  A*7  measures  10"-94.  The  figure  is  that  of  a 
very  irregular  trapezium;  the  sides,  however,  are  not  right  lines,  but  more  or 
less  curved.  The  longest  side,  12"-36,  which  is  sensibly  curved,  is  from 
south-east  to  north-west,  the  exterior  slope  facing  the  north-east.  It  in- 
cludes the  promontory  on  the  border  towards  IV  A*13.  The  next  longest 
side,  9"*03,  is  from  south-west  to  north-east,  the  exterior  slope  facing  the 
norm-west.  The  two  remaining  sides  do  not  much  differ  from  this  in 
length.  At  the  south  end  of  the  crater,  and  between  the  south-east  and 
south-west  walls,  is  a  break  or  "pass,"  IV  A*2,  not  unlike  the  "  gorge"  at 
the  north-west  point  of  Rhs&ticus.  [Qy.  Is  this  "  pass"  at  the  south-west 
end  of  Webb's  Furrow,  between  the  craters  IV  A*  4  and  IV  A*  5  ?]  It  is  not 
shown  by  Lohrmann,  but  can  be  traced  in  the  position  queried  on  De  La  Rue's 
and  Rutherford's  photographs.  Just  exterior  to  the  south-west  wall  are  the 
two  craters,  IV  A*  4  and  IV  A*  5.  Exterior  to  the  south-east  wall,  and  lying 
close  to  it,  are  two  dimples,  IV  A*  8  and  IV  A*  9,  not  in  any  way  indicated  by 
Lohrmann  nor  by  B.  &  M.  From  these  a  row  of  five  craterlets  extend  to  the 
west  border  of  Ptolemoms.  B.  &  M.  give  and  mention  six ;  probably  they 
may  include  the  dimples,  as  there  is  some  doubt  about  IV  A* 19,  the  craterlet 
nearest  the  wall  of  Ptolemoeus,  being  really  one,  the  rising  ground  tending  to 

1866.  s 
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produce  such  an  appearance.    Mr.  Ingall  has  observed  an  excavation  in  & 
mountain-slope. 

At  the  north  point  of  IV  At l  is  a  crater,  IV  A*  7,  probably  a  little  larger 
than  either  IV A*4  or  IV A?5,  and  this  has  a  minute  craterlet  on  {heart, 
and  also  one  on  the  west. 

The  crater  IV  A* l  has  a  "  furrow  "  crossing  the  interior  of  the  santh-etft 
wall,  in  the  direction  of  the  crater-row  IV  A*  l8-IV  A* ,9  (see  IV  A**V 
It  is  worthy  of  remark  that  a  prolongation  of  thjs  crateivrow  and  farrow  vii! 
pass  through  the  bright  mountain  IV  A*  32. 

f2.  A  pass  or  "  gully  "  in  the  south  end  of  IV  A*  *.     Recorded  in  OK 
Bk.  1864,  Sept.  22*  15k  45"  G.  M.  T.  No.  292,  p.  102,  Boy.  Soc  4{, 
power  230.     Definition  "  very  good." 
*3.  A  depression  or  crater  on  the  N.W.  border  of  Ptolemaeus.    Leagti 
S.8.W.  to  N.N.E.  9"-03,  breadth  W.N.W.  to  E.S.E.  4"-76. 
**4.  The  N.W.  of  two  craters  6.W.  of  IV  A*1  5"-23,  mag.  0-3a 
**5.  The  8.E.  of  two  craters  S/W\  of  IV  A*1  4tt-76,mag.  0-32. 
Lohrmann  gives  both  these  craters,  and  mentions  them  in  hk  text  (Topo- 
graphic der  Sichtbaren  Itondoberflache,  erste  Abtheilung,  p.  55,  Sec  L  Xw 
Beer  and  Madler  give  only  one. 

**6.  A  crater  on  the  8.E.  border  of  Hipparehus  6"*66,  mag.  0*41  i  of 

B.  &  M.  35.  Sec.  I.  of  Lohrmann. 
««7.  A  crater  just  north  of  IV  A*1  6"-18,  mag.  0-40  (Beer  and  Mid- 
ler's position  of  the  second  order  K  is  indicated  by  7  X  on  IV  A"4). 
IV  A*1,  IV  A*4,  IV  A*5,  IVA?6,  and  IV  A*7  form  a  very  interest^ 
and  conspiouous  group,  the  conformation  of  I,  4,  5,  and  7  contributing  to 
its  being  easily  found  at  some  distance  from  the  "  terminator." 

J8.  The  8.W.  of  two  small  dimples  just  S.E.  of  IV  A* l,  estimated  r--5, 

mag,  0-21 1 
J9.  The  N.E.  of  two  small  dimples  just  S.E.  of  IV  A*1,  estimated  3"-5, 
mag.  0-21. 
IV  A*  8  and  IV  A*  9  are  both  recorded  in  Obs.  Bk.  1864,  Sept.  22*  l&  <T 
6.  M. T.,  No.  292,  p.  103,  Boy.  Soc.  4£,  power  230.     Definition  admirable; 
they  are  difficult  objects. 

#10.  A  crater  on  the  interior  N.W.  border  of  Albategnius  6"*18,i»g. 
0-37.     Position  of  second  order  X 10  on  its  S.E.  margin. 
11.  Hipparchus. — Lohrmanri's  map  233,  the  S,E.  part. 
The  S.W.  part  is  shown  in  area  IV  A*,     The  floor  of  Hipnarehiu 
is  convex,  the  highest  part  being  in  the  neighbourhood  of  IV  A*  58,  probably 
the  cliff  IV  A*38- 

♦12.  A  crater  south  of  IV  A* l.  G  of  B.  &  M.  ?  Longer  ask  W.S.W.- 
E.N.E.  8"-56 ;  shorter  axis  N.N.W.-S.S.E.  6"-66,  mag.  0*6. 
Although  a  point  of  the  second  order,  this  crater  appears  to  be  wmgl? 
placed  by  B.  &  M.  There  does  not  appear  to  be  a  crater  either  on  the  pho- 
tograph of  February  22,  1868,  or  on  Lohrmann's.  Section  I.,  between  IV  A*  * 
and  the  angle  formed  by  the  walls  of  Albatcgnhis  and  Ptokaiaeus.  In  this 
angle  on  the  photograph  is  a  crater,  which  I  take  to  be  B.  &  M.'s  GL  The 
position  of  second  order,  12  X,  comes  upon  its  west  margin. 

13.  The  S.W.  of  three  cratcrtete  east  of  IV  A*1  2"-85»  mag.  0-18,  t  of 
B.  iv  M. 
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X4.  The  middle  of  three  craterlets  east  of  IV  A*  *  2"-85,  mag.  0-18. 
+lo.  The  N.E.  of  three  craterlets  eaBt  of  IT  A*  K 
Tlx«e  eraterlets  lie  in  a  line  from  the  east  border  of  IY  A*1  to  the  rocky 
ordcar  of  Ptolemaeus.  On  Sept.  22, 1864,  these  three  were  recorded,  with  a 
rotable  fourth.  B.  &  M.  give  six,  and  say,  in  '  Der  Mond,' p.  346,  "  a  row 
(£  six  craters."  1865,  Jan.  5,  four  are  quoted  by  Mr.  Freeman  of  Mentone, 
arVtk*  two  very  small  ones.  1866,  Feb.  22, 1  found  five.  The  additional 
ones  are  IVA*18  and  IV  A*19. 

*  -•lO.  The  mountainous  west  border  of  Ptolemnus.   Lohrmann,  Sec.  1. 1 6. 

♦  *17.  A  mountain  on  the  west  border  of  Ptolemaeus  forms  a  terrace  inter- 

mediate in  altitude  and  position  between  the  high  rugged  land  at  the 
N.E.  of  Albategnius  and  the  smooth  surface  of  Ptolemaeus,  and 
has  a  slight,  but  very  perceptible,  depression  on  its  summit,  which  is 
not  unlike  a  tableland.     West  of  it  is  the  deep  hollow  IV  A*  97. 
+18.  A  small  craterlet  N.E.  of  IV  A* 15. 
+19.  A  small  craterlet  N.E.  of  IV  A* 18.       " 
These  two  craterlets  complete  the  record  of  the  crater-row  from  IV  A* l 
to   IV  A* 16.    Mr.  Knott  considers  that  IV  A* 19  is  not  a  craterlet,  but  only 
a  rise  in  the  ground,  which  produces  a  craterlike  appearance. 

This  crater-row  may  now  be  considered  as  well  determined,  and  with  the 
dimples  IV A*8,  IV  A*9,  will  constitute  a  crater-rill,  according  to  Schmidt, 
atataugh  not  found  in  his  catalogue.     It  is  noteworthy  that  it  occurs  on  the 
line  of  cliffs  extending  from  Halley  to  Ptolemaeus,  which  is  broken  by 
IV  A*  l,  IV  A*4.     IV  A*32  is  common  to  two  lines  of  clifis,  which  cross 
each  other  nearly  at  right  angles.    The  magnitudes  of  IV  A*  l6,  IV  A* 18, 
TV  A* 19  have  not  been  determined  nor  estimated.    The  length  of  the  crater- 
rill  from  IV  A* ,3  to  IV  A* 19  inclusive  is  15"-22.     It  is  not  in  Lohrmann. 
±20.  A  furrow  on  the  interior  slope  of  the  S.E.  rim  of  IV  A*1,  length 
10"-94. 
TWs  farrow  was  discovered  on  the  6th  of  December,  1864,  by  the  Rev, 
T.  W«  Webb,  who  thus  mentions  it  in  a  letter  under  date  of  the  7th  of 
December,  1864.     Speaking  of  the  row  of  craters  extending  from  IV  A*1 
to  Ptolemy,  he  says,  "  There  are  but  four,  or  at  most  five  craters  in  their 
[B.  &  M/s]  row  of  six.     I  could  readily  count  them  but  for  the  great 
agitation  of  the  air ;  the  S.W.  one,  which  seems  to  be  Albategnius  f  of 
the  map,  is  the  largest ;  they  decrease  somewhat  towards  Ptolemaeus.     The 
direction  S.W.  is  carried  on  by  a  furrow  (I  presume  one  of  your  dimples) 
through  the  wall,  and  visible  on  its  interior  slope  to  the  junction  of  the 
two  soboraters  on  the  S.W.  side  of  X  (IV  A*1)." 

On  the  5th  of  January,  1865,  Mr.  Freeman  at  Mentone,  the  Alpes  Mari- 
times,  examined  this  locality,  but  could  not  find  the  furrow.  Of  the  crater- 
row  ho  says,  "The  four  were  too  nearly  in  a  direct  line  with  IV  A*5  to 
enable  a  furrow  within  the  ring  of  235  (L.)  to  connect  them." 

On-  February  22,  1866,  I  obtained  at  Hartwell,  with  the  equatoreal  of 
5-9-mches  aperture,  a  view  of  Mr.  Webb's  furrow ;  my  observation  is  thus 
recorded : — "  I  saw  also  distinctly  Mr.  Webb's  furrow  on  the  interior  of  the 
S.E.  border  of  X  (IV  A*  *),  which  is  a  continuation  of  the  crater-row,  in  which 
at  least  there  are  five  craters." 
The  existence  of  this  furrow  is  accordingly  confirmed,  although  it  would 
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seem  that  its  appearance  or  visibility  is  rare,  being  seen,  as  many  otl^r 
objects  are,  only  under  particular  angles  of  incidence  and  visual  ray.    Mr. 
Knott  examined  the  locality  on  the  23rd  and  24th  of  February,  1866.     Hf 
does  not  mention  it  in  his  record,  but  says  that '-  Mr.  Freeman's  description 
of  this  region  tallies  better  with  my  own  seeings  than  that  of  Mr.  Webb/' 

It  is  not  unlikely  that  the  S.E.  rim  of  Lohrmann's  X  (IV  A* l)  may  possess 
such  a  configuration  as  sometimes  to  throw  the  furrow  out  of  sight.  This 
might  be  produced  by  the  interior  slope  being  presented  to  the  eye  nearly  in 
a  vertical  line.  It  olearly  appears  that  this  object  may  be  placed  amongst  the 
most  delicate  and  fugitive  of  the  lunar  features. 
t21.  A  small  crater  east  of  IV  A*7. 

This  crater  appears  on  the  photograph  as  elliptical  ?    The  longer  axis, 
E.-W.,  4"-76;  the  shorter,  N.-S.,  2"-85;  mag.  0-23.     It  may  be  regarded 
as  a  craterlet.     Lohrmann  gives  two  here,  none  on  the  W. 
t22.  A  craterlet  west  of  IV  A*7  2"-38,  mag.  0-16. 

Mr.  Freeman  mentioned  these  craterlots  to  me  in  a  letter  bearing  date  1S65, 
January  21.  On  the  22nd  of  February,  1866,  at  Hartwcll,  I  recorded  ta 
observation  of  them,  and  remarked  that  B.  &  M.  gave  only  the  east  crater. 
I,  however,  find  in  their  map,  close  to  the  west  border  of  IV  A*-7,  a  very 
small  crater,  and  if  the  two  be  intended  by  B.  &  M.  for  the  craters  seen  by 
Mr.  Freeman  and  by  me,  the  position  of  one,  if  not  both,  requires  to  be  more 
accurately  determined.  They  arc  given  on  the  map  as  they  align  in  the 
photograph.  *B.  &  M.'s  craters  lie  S.E.  and  N.W.  Mr.  Freeman  and  I  give 
them  as  seen  in  the  telescope,  east  and  west.  1867,  March  15,  seen  as  on  map. 
23.  The  highest  (?)  point  of  the  west  border  of  Ptolemseus. 

Well  shown  by  Lohrmann  both  in  his  map  and  Section  I.,  but  indifferently 
by  B.  <fc  M.  The  mountain  presents  a  fine,  bold  and  steep  front  W.N.W.  to 
the  high  land  situated  in  the  angle  between  Albategnius  and  PtolenuRB> 
and  extends  N.N.E.  to  about  the  middle  of  IV  A*  77.  Length  from  the  vest 
edge  of  IV  A*  72  to  the  promontory  opposite  IV  A*  77  13"-79.  At  its  W.5.W. 
foot  is  a  valley,  IV  A*78,  somewhat  wide  at  first,  but  which  gradually  con- 
tracts towards  the  N.N.E.,  and  terminates  at  a  point  where  the  rill,  IV  A*7,» 
which  furrows  the  slope  of  IV A*23,  also  terminates. 

♦24.  A  plain  west  of  Herschel  (III  A* *),  the  8.W.  part. 

There  are  several  objects  on  this  plain.    See  p.  279,  IV  A* 104,  &c. 

♦«25.  The  formation  between  Halley  IV A*4  and  IV  A*1. 

This  is  a  very  individualized  formation  on  the  south  part  of  Hipparchu*, 
measuring  N.N.W.-S.S.E.  from  IV  A*  80-IV  A*  32  inclusive,  37"09,  and 
W.S.W.-E.N.E.  from  IV  A*  29-lV  A*  6  inclusive,  about  34".  Its  boundary 
on  the  S.W.  and  south  consists  of  a  mountainous  border,  springing  from  the 
mountain  IV  A*29  on  the  east  border  of  Halley,  which  forms  the  N.W.  part 
of  the  mountain-chain  separating  Albategnius  from  Ptolemaeus,  and  of  which 
the  mountain  IV  A*  26  is  the  highest  point.  The  N.W.  (IV  A*  27)  and  X.E. 
boundaries  appear  to  be  depressed  below  the  general  surface,  the  N.W.  some- 
what in  the  nature  of  a  rill  with  two  elevations,  IV  A*56,  IV  A*57,  on  the 
S.E.  side ;  the  N.E.  has  somewhat  the  appearance  of  a  crater-row,  two  en- 
ters being  very  apparent,  IV  A*80  and  IV  A*46;  in  addition  there  are  two 
mountains,  IV  A* 28  and  IV  A*61.     At  the  east  extremity  of  this  formation 
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s   the  crater  IV  A* c,  which  is  opened  up  in  the  rising  an 
Forming  the  east  boundary.    This  elevated  ground  fills  tX 
AJl>»tegnius  and  Ptolemams,  and  is  marked  "  higher  level.3 

Tire  interior  surface  of  IV  A* 25  is  slightly  deprossed  and  irregular.  It 
is  marked  "lower  level  (2),"  indicating  that  it  is  lower  than  the  surface  of 
Hipparchus  "  lower  level  (1)."  On  the  west  portion  are  two  conspicuous 
mountains,  one,  IV  A*30,  in  the  angle  formed  by  the  S.W.  and  N.W.  boun- 
daries, and  also  in  a  line  with  the  mountain  IV  A*  29  and  the  crater  IV  A*  6 ; 
the  other,  IV  A*31,  N.E.  of  IV  A*30,  and  forming  with  it  two  elevations 
nearly  parallel  with  the  depression  or  broad  rill,  IV  A*27. 

The  mountain  IV  A*  32  forms  the  continuation  of  the  east  boundary  from 
IV  A?  6.  There  are  two  (apparently)  elevations,  one  nearly  between  IV  A*  50 
and  IV  A*  32  (IV  A*  71),  the  other  between  IV  A*  sl  and  IV  A*  6. 

There  are  three  conspicuous  craters  on  this  formation ;  one,  IV  A* 44, 
S.W.  of  IV  A*6,  and  two  N.W.  of  IV  A*6,  viz.  IV  A*45  and  IV A*46,  at 
the  south  foot  of  IV  A*  28. 

26.  The  mountain  on  the  S.W.  boundary  of  IV  A*25. 

27.  A  valley  forming  the  N.W.  boundary  of  IV  A^5,  length  from 
IVA*29toIVA*6725"-G8. 

*28.  A  cliff  forming  part  of  the  N.E.  boundary  of  IV A*25,  length 
W.N.W.-E.S.E.  10"-94. 
**29.  A  mountain  on  the  east  border  of  Halley,  height  according  to  B. 
and  M.  3543  English  feet  or  1080  metres ;  it  has  a  spur  towards 
the  N.E. ;  length  of  spur  7"-13. 
This  mountain  is  very  suitable  for  a  point  of  the  first  order.     The  spur 
towards  the  N.E.  inclines  very  considerably  to  the  level  of  the  valley  IV  A*  27. 
As  the  sun  rises  upon  it,  it  is  seen  as  a  fine  line  of  light. 

♦30.  A  mountain  on  the  west  floor  of  IV A*25,  length  8"-56. 
•31.  A  mountain  on  the  north  floor  of  IV  A*  25,  length  8"-56. 
•32.  A  mountain  nearly  S.S.W.  of  IV  A*6  4"-28,  mag.  0-29. 
This  mountain  is  longer  than  shown  in  the  photograph.     It  is  situated  on 
the  line  of  cliffs  from  Tycho,  and  extends  nearly  as  far  north  as  IVA^6- 
It  is  the  N.E.  spur  of  Lohrmann's  20,  Sec.  I.     East  of  and  parallel  with  it  is 
a  crater-rill  containing  three  adjoining  craterlets,  IV  A*<J0,  IV  A*91,   and 
IV  A* 02.     Another  crater-rill  branches  from  IV  A*9 1  to  IV  A5  43,  contain- 
ing two  adjoining  craterlets,  IV  A*93  and  IV  A*94. 
**33.  A  craterlet  at  the  extreme  north  point  of  Albategnius  3"-80,  mag. 
0-26.     It  is  opened  on  the  crater  rill  IV  A*  67,  at  its  western  end. 
•*34.  A  pear-shaped  depression,  as  seen,  under  some  aspects,  on  the  north 
-  part  of  Albategnius,  opening  into  a  crater  on  IV  A\  of  which  it 
forms  the  north  part. 
This  is  imperfectly  shown  both  by  B.  &  M.  and  Lohrmann.     It  contains 
three  craters,  the  south  and  largest,  IV  Ax  17,  the  middle  one,  IV  A*50,  and 
the  north,  IV  A*41. 

35.  Aldatkonttts,  the  north  part. 
••36.  A  crater  on  the  N.E.  border  of  Albategnius,  length  8"-56.   Its  real 
form  requires  to  be  determined.    Shown  by  Lohrmann. 
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♦37.  A  mountain  appearing  as  a  bright  spot  just  NJ5.  of   IV  A*15 
length  N.N. W.-S.S.E.  1 1" -41.     Well:  shown  by  Lohrmann. 

38.  A  cliff  (apparently)  on  the  high  land  crossing  Hipparchus.    It  is  « 
a  "  ray  from  Tycho."    Not  in  Lohrmann. 

39.  A  bright  spot  S.6.W.  of  IV  A«  7.     See  IY  A« l7. 

40.  An    isolated    craterlet     between    IV  A*10  and  IV  A*  M  3"-^'. 
mag.  0-22. 

"     41.  A  erater  just  S.E.  of  IV  A*  83,  6"-6,  mag.  0-41. 

This  crater,  of  nearly  the  same  superficial  extent  as  IV  A*  **,  which  adjoins 
it  on   the  south-east,   differs  from  IV  A*52  in  an  important  particular: 
IV  A^  41  has  a  narrow  border,  and  appears  to  be  deeper  than  IV  A**2,  which 
is  a  shallower  pit  in  a  broad  border,  a  class  of  orator  of  rather  common  occur- 
rence on  the  moon's  surface.    The  magnitude  of  IV  A*w,0-42,  includes  the 
broad  border.     IV  A*  41  is  remarkable  for  its  apparent  priority  to  the  cater- 
rill  IV  A* 67,  which  cuts  completely  through  it,  rendering  the  norm  part 
brilliantly  white,  while  the  surface  tint  of  the  south  part  is  dark.     It  wo*M 
appear  that  the  north  part  of  IV  A*  4 !  has  been  raised,  the  crater-rill  IV  A*  6" 
occupying  the  very  summit  of  the  wall  of  Albategnius  (see  IV  A*8*),  from 
which  the  south  slope  is  very  steep.     The  crater  is  shown  by. Lohrmann. 
42.  A^craterlet  a  little  N.N.W.  of  IV  A*36  3"-80,mag.  0-25;  situated 
on  the  W.S.W.  slope  of  the  cliffs  crossing  Hipparchus. 
*43.  A  craterlet  between  IV  A586  and  IV  A*4  4"-76,  mag.  0-29. 

44.  A  craterlet  W.S.W.  of  IV  AC  6  3"-33,  mag.  0-23;  situated  on  the 

W.S.W.  slope  of  the  cliffe  crossing  Hipparchus. 

45.  A  craterlet  N.W.  of  IV  A*6  4»-76,  mag.  0-29. 

46.  A  craterlet  N.N.E.  of  IV  A*45,  estimated  3"-20,  mag.  0-19. 
**47.  The  west  mountainous  border  of  IV  A*24,  length N.  by  W.-S.  bvE, 

18" -07.    Well  shown  by  Lohrmann. 
48.  A  short  mountain-range  between  IV  A*7  and  IV  A*47,  length 
N.  by  W.-S.  by  E.  14"-74.     Shown  by  Lohrmann. 
♦49.  A  craterlet   on   the  south   extremity  of    IV  A*47    3^-33,   mag. 
0*25.     It  is  situated  on  the  east  side  of  the  end  of  the  mountain- 
arm,  and  is  the  c  of  B.  &  M.,  but  not  shown  by  Lohrmann. 

50.  A  crater  on  the    north   of   Albategnius,   between  IV  A*34  and 

IV  A*  4l,  5"-23,  mag.  0-32.     Shown  by  Lohrmann. 
This  is  the  middle  one  of  the  three  craters  which  make  up  the  pear-shaped 
depression  as  seen  under  some  aspects  on  tho  north  of  Albategnius.    See 
IV  A*  34.     It  is  not  difficult  with  a  suitable  aperture  and  power. 

51.  A  crater  between  IV  A* l0  and  IV  A*  34.     5"-23,  mag.  0-33. 
*b2.  A  crater  east  of  IV  A*  50  adjoining  it.     7"'13,  mag.  0-42. 

53.  A  crater-form  depression  between  IV  A*50  and  IV  A*51. 

54.  An   elongated  depression  between  IV A*5  and  IV A*36;  length 

S.S.W.-N.N.E.  8"-56,  breadth  uncertain,  under  5". 

This  depression  occurs  in  the  high  land  which  fills  the  angle  between 

Ptolemaras   and  Albategnius,   and  is   S.E.   of    IV A*25;   the  direction— 

N.N.E.-S.S.W.  (somewhat  inclining  east  and  west)  of  IV  iS  54 — is  similar  to 

that  of  numerous  rents  and  fissures  in  this  and  other  parts  of  tho  moon,  and 
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may  probably  be  connected  with  the  easternmost  of  the  two  "  Ray-centres" 
in  Hie  neighbourhood  of  Furnerius.     This  System  of  Kays  appears  almost  to 
rroal.  that  from  Tycho  in  magnificence,  but  as  it  is  nearer  the  limb  than 
Tyclio,  the  rays  which  issue  from  the  centre  are  not  so  apparent.    There  is 
also  this  peculiarity :  a  ray,  which  may  be  regarded  as  central,  passes  in  a 
nearly  rectilineal  direction  towards  the  central  part  of  the  visible  hemisphere, 
passing  the  north  of  Fracastorius  and  between  Theophilus  and  Cyrillus  to 
Alfroganus,  and  is  lost  apparently  in  the  light  ground   that  surrounds 
AJfraganus ;  but  many  of  the  irregularities  of  the  surface,  even  as  far  as  the 
rocky  land  bordering  the  smoother  surface  on  which  Triesnecker  is  opened, 
partake  of  the  same  direction,  i.  e.  mountains  and  ridges  in  the  neighbour- 
hood of  Godin  and  Agrippa  are  directed  towards  this  ray -centre,  and  even 
tl^e  lateral  Valleys  of  the  Apennines  manifest  the  same  general  arrangement. 
The  rays  issuing  from  the  ray-centre  above-mentioned  towards  the  north 
and  south  bend  so  as  to  form  branches  of  parabolic  curves,  and  it  is  this 
feature  which  constitutes  the  peculiarity  before  alluded  to. 

The  parallelism  of  the  valleys  IV  A' l7,  IY  A* 54,  and  III  A*  2  appears  to 
connect  them  with  this  system ;  for  although  the  general  direction  of  these 
valleys  is  not  immediately  towards  the  ray-centre,  yet  they  appear  to  form 
portions  of  the  prolongations  of  rays  that  converge  to  it. 

IV  A*44  coincides  with  and  is  prolonged  in  a  line  of  upheaval  passing 
through  IV  A*  *,  IV  A* l  (east  side),  IV  A*  48,  IV  A*  49,  HI  A«  2  (west  side), 
and  the  east  boundary  of  Reaumur.    See  IV.  S.S.W.-N.N.E.,  p.  272. 

•55.  A  craterlet  on  the  floor  of  PtolemaBus,  between  the  mountains 
IV  A* l7,  IV  A* 16  3"-33,  mag.  0-19.     Well  shown  by  Lohrmann. 
•      »56.  A  mountain  on  the  S.E.  side  of  IV  A*27,  length  S.S.W.-N.KE. 
.    9"-79. 
57.  A  mountain  near  the  N.E.  extremity  of  IV  A* 27,  length  B.S.W.- 
N.N.E.  5"-23. 
These  mountains,  with  the  N.E.  spur  of  IV  A*  29,  form  the  S.E.  boundary 
of  the  valley  IV  A*27 ;  it  is  uncertain  if  the  mountains  be  isolated  or  con- 
nected by  low  ridges,  but  it  appears  probable  that  the  surfaces  of  the  valley 
IV  A*  27  and  "the  depression  IV  A*25  are  at  the  same  level,  and  that  toge- 
ther they  form  the  lowest  portion  of  Hipparchus,  the  levels  of  Ptolemaeus 
and  Albategnius  being  considerably  lower. 

♦58.  A  curved  mountain-chain  on  the  floor  of  Hipparchus,  west  of  the 

cliff  IV  A*  38.     It  is  concentric  with  the  S.W.  border  of  Hipparchus. 

Diameter  N.W.  to  8.E.  20"-45. 

There  is  great  reason  to  believo  that  this  formation  is  an  ancient  and  partly 

JUled  crater  with  a  very  broken  wall,  as  under  an  oblique  illumination  its 

surface  is  seen  to  be  depressed,  and  it  presents  the  crater  character.    The 

craterlet  IV  A*  10°  appears  to  form  a  point  in  the  line  of  ancient  walL 

59.  A  craterlet  at  the  S.W.  extremity  of  the  mountain-arm  enclosing 
the  plain  IV  A*  24,  III  A* 14  on  the  south.     Diameter  east  to  west 
4"-76,  north  to  south  2"85,  mag.  0-23.    It  requires  further  ob- 
servation. 
•60.  The  mountain-range  between  IV  A*59  and  III  A*2,  length  S.S.W.- 
N.N.E.  13"-31. 
•  *  •61.  A  mountain  north  of  IV  A*6  8"-08.     Lohrmann  34,  Sec.  I. 
IV  A*37  and  IV  A*61  are  two  conspicuous  mountains,  with  the  valloy 
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IV  A? 85  between  them,  situated  on  the  N.  W.  border  of  the  plain  in  mini 
the  group  IV  A*  *  and  surrounding  objects  arc  situated. 

$62.  A  minute  eraterlet  at  the  S.W.  end  of  IV  A*27,  estimated  l"t, 

mag.  0-06. 
+63.  A  minute  eraterlet  N.E.  of  IV  A*62,  estimated  l"-0,  mag.  0-06. 
$64.  A  minute  eraterlet  N.E.  of  IV  A*63,  estimated  1  "0,  mag.  0-06. 
These  minute  craterlets  form  a  short  crater-row  at  the  closed  extremity  of 
the  valley  IV  A*  27»     They  are  inserted  on  the  authority  of  Lohrmann,  wi» 
mentions  them  in  his  text,  "  Topographic  dcr  Sichtbaren  Moadoberfliefee  *. 
Erste  Abtheilung,  auf  Section  I.  p.  49,  A.     I  have  not  yet  seen  them.   Es- 
timated length  of  crater-row  5"*0. 

+65.  A  crater-form  depression  S.E.  of  Halley.     48,  Sec.  L  of  Lohrmana. 
Length  S.S.W.-N.N.E.  16"-64,  breadth  W.N.W.-E.S.E.  7-6L 
66.  A  depression  in  which  the  mountain  IV  A*  2*  is  situated.   T^J, 
mag.  0*46.     Not  shown  by  Lohrmann. 
**67.  A  crater-rill  on  the  summit  of  the  N.E.  wall  of  Albategnius,  &- 
covered  as  such  by  Schmidt,  on  February  3rd,  1865.     It  is  Xo. 
355  in  his  '  Catalogue  of  Rills/  and  extends  from  the  west  edge  of 
IV  A*33  to  IV  A*36,  length  W.N.W.-E.S.E.  21"-40. 
This  crater-rill  forms  the  N.E.  boundary  of  the  group  of  craters  in  the 
north  angle  of  Albategnius,  and  would  appear  to  be  the  most  recent  in- 
stance of  volcanic  action  in  this  locality,  except  the  fault  from  Tycho.     Its 
extreme  whiteness,  as  compared  with  the  surface  in  its  neighbourhood,  the 
steepness  of  its  SJs.W.  and  N.N.E.  sides,  and  particularly  its  cutting  through 
the  crater  IV A*41,  testify  to  the  comparative  recent  epoch  of  its  formation. 
See  IV  A*  82.     It  is  a  fine  object  at  sunrise. 

68.  A  eraterlet  on  IV  A*  67  east  of  IV  A*  41.    2"-61,  mag.  0-15. 

69.  A  crater-form  depression  on  the  W.S.W.  slope  of  the  line  of  ehfc 

which  cross  the  N.E.  angle  of  Albategnius  in  a  line  with  those 
crossing  Hipparchus ;  it  is  situated  just  S.S.E.  of  IV  A*36.  7M3, 
mag.  0-42.     It  is  shown  by  Lohrmann. 

70.  A  crater-form  depression  on  the  E.N.E.  side  of  the  same  line  of  cliffs 

7"*61,  mag.  0*50.     It  is  shown  by  Lohrmann. 
$71.  A  formation,  somewhat  of  the  character  of  a  trapezium,  on  the  line 
of  cliffs  extending  from  IV  A*  32  to  IV  A*  29.    It  has  a  bright  bor- 
der with  a  dark  interior.     Length,  N.W.  to  S.E.,  7"-61 ;  breadth, 
S.W.  to  N.E.,  4"-76. 
t72.  A  depression  onlVA^23,  apparently  a  crater.     Elliptical,  longer 
axis,  east  to  west  8"-56 ;  shorter,  north  to  south  5"71,  mag.  0*44. 
This  depression  was  seen,  1866,  Sept.  19d  8b  0m,  G.M.T.,  with  the  Koyal 
Society's  4|-inch  achromatic,  power  230,  as  a  very  imperfect  crater;  the 
north  rim  appeared  nearly  perfect,  but  the  south  rim,  if  it  previously  existed, 
has  been  broken  away  by  the  convulsion  that  produced  the  deep  hollow 
IVA^97.     It  is  not  shown  by  Lohrmann. 

73.  A  small  depression  (not  eraterlet)  in  the  elevated  angle  between 
IV A* C9  and  IV*30.    2"-38,  mag.  016. 

74.  A  eraterlet  on  the  crater-rill  IV A*82,  just  cast  of  IV  A*  C9  and 

IVA*30,4"-28,mag.  026.  Lohrmann  gives  it  larger  than  IV  A*86. 
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*75.  A  mountain  south  of  IV  A?12,  at  the  S.E.  end  of  the  crater-rill 

IVA*82,5"-23,  mag.  0-31. 
+76.  A  slight  elevation,  somewhat  similar  to  a  circular  tableland,  east  of 

the  depression  IV  A*  54,  5"-23,  mag.  0-31 .     Not  in  Lohrmann. 
*»77.  The  slope  of  IV  A* 16  fronting  the  west,  and  south  of  IV  A*3,  length 

S.S.W.-N.N.E.  12"-84.     Lohrmann,  Sec.  I.  16. 

78.  The  valley  at  the  W.N.W.  foot  of  IV  A*23,  nearly  parallel  with 

IV  A?54,  length,  S.S.W.-N.N.E.,  12"-84. 

79.  A  rill  farrowing  the  N.E.  portion  of  the  W.N.W.  slope  of  IV  A*23 ; 

it  communicates  with  the  N.N.E.  end  of  the  valley  IV  A^78, 
length  6"*18;  discovered  July  21,  1866,  by  the  author  on  Ruther- 
ford's Photograph,  and  seen  with  the  Royal  Society's  4|-inch  re- 
fractor, power  230,  on  the  18th  of  August,  1866. 

80.  A   crater-form  depression   at  the   N.W.   extremity  of  the  N.E. 

boundary  of  IV  A*  25  5"-23,  mag.  0-31 .    Not  in  Lohrmann. 

81.  A  rill  extending  from  the  angle  formed  by  the  N.E.  borders  of 

IV  A*80  and  IV  A*28  to  a  point  east  of  the  cliff  IV  A*38  16"-17. 

I  do  not  find  it  in  Schmidt's  *  Catalogue  of  Rills ; '  it  was  discovered, 

July  21,  1866,  on  Rutherford's  Photograph. 
This  rill  is  in  continuation  of  the  line  of  cliffs  that  crosses  Albategnius 
and  TV  A*25.  The  elevations  forming  the  N.E.  border  of  IV  A&25  have 
apparently  slightly  heaved  the  line  of  cliffs,  and  probably  produced  the  rill, 
which  runs  but  for  a  short  distance.  After  crossing  tho  central  parts  of 
Hipparchufl,  the  cliffs,  which  to  the  south  present  their  faces  to  the  W.S.W., 
have  them  to  the  north,  facing  steeply  the  E.N.E.  as  well  as  W.S.W.  on  the 
borders  of  IV  A- 10  and  Rhseticus.  The  whole  line  of  cliffe  is  well  marked, 
extending  from  the  east  border  of  Albategnius  to  a  point  N.E.  of  Agrippa. 

82.  A  crater-rill  on  the  N.E.  wall  of  Albategnius  16"-17.     It  is  probably 

No.  354  of  Schmidt's  '  Catalogue  of  Rills.'     If  so,  it  was  discovered 
by  him  on  the  17th  of  August,  1843.     It  is  in  the  same  line  with 
IVA^67,  and  most  probably  the  two  formed  one  continuous  crater- 
rill  at  an  earlier  epoch  than  that  of  the  protrusion  of  the  lino  of 
cliffs  crossing  IV  A** 25  and  Hipparchus,  at  which  period  the  crater- 
rill  was  separated  into  the  two  portions,  IV  A&07  and  IV  A*82. 
The  earlier  discovery  of  this  rill,  combined  with  the  brightness  and  steep- 
ness of  IV  A*67,  which  Schmidt  did  not  discover  until  February  3, 1865, 
appears  to  point  to  a  probable  brightening  and  raising  of  IV  A?» 67  within  tho 
twenty- two  years,  otherwise  the  oversight  of  IV  A^67  by  Schmidt  in  1843  is 
remarkable. 

83.  A  volley  parallel  with  IV A*78,  but  a  little  more  than  half  its 

length.     Length,  S.S.W.  to  N.N.E.,  8"-08. 

84.  A  valley  in  the  west  border  of  Ptolemaous  opening  out  to  the  plain 
between  the  mountains  IV  A?17  and  IV  ^ l6,  and  running  with  a 
gradual  ascent  between  IV  A^23  and  TV  A^16,  to  the  high  land 
bounded  by  the  crater-rill  IV  A* l3  to  IV  A* l9 ;  length  about  1 6"-0. 

85.  A  valley  between  the  two  high  mountains  IV A^61  and  IV  A'*37 

length  64"-67. 


266  report— 1866. 

This  valley  opens  out  into  a  shallow  sinuous  valley  that  erases  Hippartiia. 
just  east  of  the  line  of  cliffe,  and  enters  a  mountain-gorge  just  east  of  IT  A* ll; 
the  opening  into  the  shallow  valley  on  the  plain  of  Hipparchue  is  putk 
obstructed  by  some  low  hills.  The  shallow  valley  is  provisionally  shown  m 
the  map,  as  it  is  not  discernible  on  the  photography  and  good  drawings  e? 
it  are  required.  It  is  only  visible  just  after  the  passage  of  the  morning,  *r 
just  before  the  passage  of  the  evening  terminator,  and  is  marked  with  a  J. 

86.  A  small  detached  mountain  N.W.  of  IV  A*37  3"-3& 

87.  A  small  depression  at  the  foot  of  IV  A*  76  3"-33,  mag,  0-20. 

88.  An  imperfect  crater  between  IV  A*  31  and  IV  A*  56  5"-71,  mag.  0*34. 
f89.  A  rid^B  connecting  IV  A?  76  with  IV  A*  $f  length  7"-5» 

90.  A  eraterlet  S.E.  of  the  mountain  IV  A?  ,2.  It  is  the  most  southern 
of  three,  forming  a  crater-rill,  estimated  at  3"-0. 

91.  An  elongated  crater  east  of  the  mountain  IV  A?**  between  IVi'* 

and  IV  A*92,  estimated  at  6"-0. 

92.  A  eraterlet  just  south  of  IV  A&*,  the  most  northern  of  the  eratex- 

rills  east  of  IV  A*  32,  estimated  at  2"-5. 
The  above  three  objects  form  a  crater-rill,  estimated  length  1 l"-0,  not  in 
Schmidt's  printed  Catalogue  ;  it  was  discovered  by  the  author  on  the  18th  of 
August,  1866.     Lohrmann  has  four  craterlets  here. 

93.  A  eraterlet  N.W.  of  and  adjoining  IV  A*  43 ;  it  is  the  south-eastern 
of  a  crater-rill  between  IV  A*43  and  IV  A*32,  estimated  at 2T-5. 

94.  A  eraterlet  between  IV  A?  91  and  IV  A*  93>  estimated  at  2"-6\ 

IV A*91,  IV A*94,  IV A*93,  and  IV A*43  form  a  crater-rill,  estimated 
length  H"-5 ;  not  in  Schmidt's  printed  Catalogue.  It  was  discovered  by  tfce 
author  on  the  18th  of  August,  1866.     Lohrmann  gives  a  mountain. 

95.  A  eraterlet  just  south  of  IV  A*  4,  estimated  at  2"-5. 

This  eraterlet,  with  IV  A*43,  is  in  a  line  with  the  crater-row  IV  A*13  *o 
IV  A*19,  and  a  little  inclined  southwardly  to  the  line  of  depression  III. 
W.B.W.-E.N.E. ;  Webb's  furrow  IV  A*29  is  in  the  same  line*  It  is  not 
shown  either  by  Lohrmann  or  B.  &  M. 

96.  A  valley  extending  from  IV A*48  to  IV A*47  in  the  direction 
S.S.W.-N.N.E.  It  is  not  inserted  in  the  map,  as  it  has  only  been 
observed  once,  when  its  outline  was  not  ascertained.  It  is  slightly 
west  of  the  line  of  depression  and  upheaval  V.  S.S.W*-X.N.E. 

97.  A  deep  hollow  of  a  very  irregular  form  in  the  high  land  between 

Albategnius  and  Ptolemaeus.  It  is  situated,  west  to  east,  between 
the  mountains  IV  A* '5  and  IV  A^  ,7,  and  north  to  south  between 
the  north  rim  of  IV  A*  72  and  the  high  land  between  the  east  bor- 
der of  Albategnius  and  the  S.W.  border  of  Ptolenueus.  Its  inte- 
rior W.  and  N.W.  slopes,  wjiich  are  very  rugged,  form  the  pre- 
cipitous descents  from  the  summits  of  IV  A*  75,  the  B.E.  rim  of 
IV  A*12,  and  the  broken  portion  of  IV  A*72;  the  west  front  if 
IV  AC  17  ^  wnion  does  not  appear  to  be  so  rugged,  forms  its  interior 
east  slope.    It  is  not  shown  by  Lohrmann. 

98.  A  steep  point  in  the  N.W.  border  of  Ptolemaeus  just  north  of 

IV  A*  3;  it  is  indicated  on  B.&M.'s  map  by  17.    Their  measures  give 
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8672  English  feet,  or  2643  metres  for  its  altitude.  It  appears  to 
be  on  the  line  of  cliffe  on  which  the  crater-row  IV  A* l3  to  IV  A* 19 
is  situated. 
99.  The  steep  interior  slope  of  the  east  rim  of  Halley,  the  west  foot  of 
the  mountain  IV  A?  *9,  is  distinctly  visible  on  the  floor  of  Halley  as 
a  curve  projecting  inwards. 

100.  A  craterlet  on  the  north  border  of  IV  A*48  l"-9,  mag.  0-16. 

101.  A  furrow  crossing  IV A*58,  at  the  foot  of  the  cliff  IV A*38.-   The 

foot  of  the  cliff  with  further  indications  of  the  furrow  is  continued 
past  IV  Aa  18  to  the  west  edge  of  IV  Aa  ,0.  It  was  discovered  by 
the  author,  Nov.  2,  1866,  on  Rutherford's  photograph. 

102.  A  light  spot  just  east  of  the  valley  IV  A*  85  3"-8,  mag.  0-21. 

The  strip  of  surface  east  of  the  valley  appears  as  a  "  ray  "  from  IV  A*  37. 
It  is  on  this  ray  that  IV  A* ,02  is  situated. 

[103.]  IV  A'  28,  a  crater  or  depression  on  the  west  side  of  IV  A* 58.    It 
needs  further  and  careful  observation.    See  p.  279,  IV  A*. 

Summary  of  Bills,  Crater-rows,  and  Valleys  registered  as  above  not  in 
Schmidt's  printed  Catalogue:— 

6.  .    to      N.        IV  A*90  to  IV  A*92.  Crater-row,  discovered  August 

18, 1866. 
IV  A* ]  ° ] .    Furrow  discovered  November  2, 1866. 
IVA*62toIVA*64.    Crater-row». 
IVA*l3toIVA?19.    Crater-row. 
IV  A*  43  to  IV  A*  91.  Crater-row,  discovered  August 

18, 1866. 
IV  A*  79.     Bill  discovered  July  21, 1866. 
IV  A*81.     Rill  discovered  July  21, 1866. 
IV  A*84.    Valley. 
IV A*85.    Valley. 

Area  IV  A*.  Full-Moon  Aspect. 

One  of  the  most  interesting  features  of  this  area  under  the  full- moon  as- 
pect i»  the  portion  of  a  "  ray  from  Tycho,"  which  traverses  it  from  N.N.W. 
to  8JUL,  and  is  coincident  with  the  surface  west  of  Rhaetious,  and  also  west 
^thedep^essionIVA«,0•  The  mountains  IV  A-*37,  the  cliff  IV  A-14,  and  the 
south-west  extremity  of  the  valley  IV  A"  32  are  crossed  by  this  ray  as  well  as 
the  west  boundary  of  IV  A* l0.  As  the  ray  passes  east  of  Horrox  and  crosses 
the  floor  of  Hipparohus,  it  is  intersected  by  a  short  ray  from  Horrox  towards 
E&TL.,  which  includes  the  depression  IV  A*  7. 

The  depressed  surface  IV A*11  around  the  crater  IV A*4,  which  is  a 
bright  spot  at  the  time  of  fall  moon,  exhibits  a  variety  of  middle  tints  that 
aPpear  to  be  unconnected  with  any  definite  objects,  as  none  are  found  corre- 
sponding with  them  when  IV  A* 1 1  is  near  the  terminator. 

*  Inserted  on  the  authority  of  Lohrmann. 
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Between  IV  A»  1 l  and  the  "  ray  from  Tycho  "  is  a  dark  strip  interrupted  hfl 
the  slope  of  IV  A*  50.  This  dork  strip  passes  over  the  west  of  Bhseticos  ari 
extends  south  from  Rh&ticus  to  IV  A  50.  It  is  resumed  in  the  depresska 
IV  A*78,  it  crosses  IV A*39,  and  part  of  the  valley  IVA*38»  traverses  tk 
western  interior  of  IV  A*10,  crosses  the  middle  of  the  valley  IVA*3f,  tfaf 
south-west  part  of  the  depression  IV  A* 12,  and  is  continued  east  of  the  bright 
ray  from  Tycho  into  the  area  IV  A*. 

The  interior  of  Keaumur  is  dark  in  the  full  moon.  The  south-west  put 
is  crossed  by  a  strip  somewhat  lighter  than  the  general  surface;  the  west ani 
north-west  mountain  border  is  also  somewhat  lighter. 

From  the  mountain  IV  A*  5  on  the  border  of  Reaumur  the  tint  character- 
king  the  mountain  border  extends  as  far  as  the  spot  IV  A*7!,  and  includes 
the  mountain  IV A*28.  The  crater-row?  IV A-7,  IV  A-22,  andIVl#a» 
with  the  spot  IV  A-  ,7,  IV  A*  39>  appear  as  a  large  bright  spot,  from  w4k!»  % 
portion  of  a  line  of  disturbance  from  Tycho  appears  as  a  ray  which  exteak 
to  IV  A*  77.  This  bright  ray  is  skirted  by  a  dark  strip,  which  is  very  promi- 
nent, in  consequence  of  a  light-ray  parallel  with  that  which  extends  from 
IV  A-7  to  IV A*77.  This  parallel  light-ray  appears  to' take  its  rise  fron 
IV  A*4,  and  crosses  IV  A«21,  between  IV  A«4  and  IV A*21;  itisnanw, 
but  from  IV  A*  21  it  becomes  broader  and  brighter  as  it  traverses  the  surface 
between  IV  A*21  and  IV A-51 :  it  is  continued  along  the  east  side  of  the 
mountain-arm  IV  A*  47  in  area  IV  A*. 

IV  A?.  Full-Moon  Atpect. 

This  area  is  crossed  from  N.N.W.  to  S.S.E.  at  the  time  of  fall  w» 
by  a  portion  of  a  f«  ray  from  Tycho"  sensibly  parallel  with  the  "ftfto 
IV  A*  23,  which  is  just  east  of,  and  thus  nearly  coincident  with,  the  b«i 
westerly  "  ray  from  Tycho."  Both  rays  traverse  uneven  ground  of  the 
nature  of  cliffs,  having  their  slopes  towards  the  west.  In  passing  over  the 
broken  ground  of  IV  A^ 25  the  east  ray  is  much  broken,  but  it  recovers  it* 
brightness  in  traversing  the  uneven  rocky  interior  of  the  north-east  wifl  ^ 
Albategnius.  A  lucid  arm  from  the  crater  Hallcy  traverses  the  south-**** 
slope  of  IV  A*26  and  the  crater-rill  IV  A*67,  in  which  IV  A*33  is  conspi- 
cuous as  a  bright  spot ;  it  joins  the  "  ray  from  Tycho  "  at  the  bright  spot  or 
crater  IV A*36,  which  appears  to  be  the  most  elevated  point  of  the  north- 
east border  of  Albategnius.  The  crater  IV  A* 6  appears  as  a  bright  y * 
just  east  of  the  "  ray  from  Tycho,"  while  the  group  of  craters  IV  A* 10,  IV  A:il- 
IV A*34,  IV  A*40,  IV A*53,  IV A*50,  IV A*52  in  the  north-west  in«M 
Albategnius  presents  a  tint  intermediate  between  the  darker  portions  of  the 
surface  of  this  area  and  the  bright  rays.  East  of  the  "  ray  from  Tych<f  pac- 
ing over  IV  A*,  both  the  high  land  in  the  angle  between  Ptolemieus  ^ 
Albategnius,  and  the  surface  east  of  the  cliff  IV  A*  38  on  the  floor  of  Hipp*1" 
ehus,  present  the  darkest  tint,  as  well  as  a  strip  which,  from  the  west  ci 
IV  A*47,  extends  to  tho  west  border  of  Ptolcmecus.  The  cast  part  of  tfc 
mountain-arm  IV  A*  47  is  bright  in  full  moon.  Between  the  dark  spaces  j«rt 
mentioned  we  have  bright  spaces  intermingled  with  middle  tints;  a  "    l* 
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treak  not  unlike  a  "  ray,"  extending  from  IV  A*39  (a  bright  spot),  crossing 
YA?i$,  where  it  becomes  brighter  than  usual,  still  further  crossing  the 
rater-row  east  of  IVA*1,  and  proceeding  to  the  high  mountain  IV A*77 
n  the  west  border  of  Ptolemaeus,  has  been  identified  with  a  portion  of  a  lino 
t  disturbance  from  Tycho.  The  group  IV  A* l,  IV  A*  4,  IV  A*  5,  and  IV  A*  7 
s  alao  bright.  It  is  worthy  of  remark  that  the  general  direction  of  these 
ight  and  dark  spaces  is  towards  Tycho. 

Areas  IV  A«,  IV  A*. 
Directions  of  Rills,  Crater-rills,  Crater-rows,  Valleys,  Mountain-chains,  <jr. 

Since  the  year  1786  several  endeavours  have  been  made  to  render  certain 
features  of  the  moon's  surface  especial  objects  of  study,  particularly  the  rills, 
the  first  of  which — the  remarkable  wedge-shaped  valley  of  the  Alps — was 
discovered  by  Bianchini  on  Sept.  22, 1727*.     Lohrmann,  Madler,  Kinau,  and 
Schmidt  have  carried  on  the  study  of  rills  during  the  interim,  and  the  number 
now  known  exceeds  425.   In  the  admirable  'Catalogue  of  Rills'  lately  published 
by  Schmidt,  not  only  has  the  class  been  considerably  augmented  by  including 
large  valleys,  of  which  the  first-discovered  rill  may  be  regarded  as  the  type, 
hat  the  direction  of  each  has  been  given  in  a  very  clear  and  distinct  manner. 
\  va  not  aware,  however,  that  any  attempt  has  been  made  to  classify  the 
"  nB*n  according  to  direction,  which  may  have  an  important  bearing  on  the 
Hbpei  of  the  manifestation  of  the  effects  of  those  forces  which  have  modified 
the  surface  ;  for  there  can  be  no  doubt  that  while  the  crater-form  is  appa- 
rently by  far  the  most  prominent  feature,  the  directions  of  the  rills,  valleys, 
crater-rows,  and  mountain-chains  indicate  the  lines  in  which  the  forces  mo- 
difying the  surface  operated,  it  may  be  over  wide-spread  areas  around  foci 
of  disturbance,  such  as  Tycho,  and  other  ray-centres;  consequently  an  arrange- 
ment of  these  directions  may  in  some  degree  contribute  to  our  knowledge  of 
the  operation  of  forces  on  a  minor  scale  which  may  have  modified  the  features 
of  smaller  portions  of  the  surface. 

It  is  not  my  intention  to  undertake  a  classification  of  the  directions  of 
Schmidt's  425  rills,  but  Bimply,  as  this  work  proceeds,  to  arrange  under  each 
artificial  area  of  5°  of  longitude  by  5°  of  latitude  the  directions  of  rills,  cra- 
ter-rows, crater-rills,  valleys,  mountain-chains,  or  any  feature  that  indicates 
the  line  in  which  the  action  of  either  upheaving  or  depressing  forces  has  been 
manifested,  thus  laying  the  foundation  of  a  more  enlarged  generalization  at 
wme  mture  period. 

In  the  following  Table  of  lines  of  upheaval  and  depression  in  areas  IV  A" 
tad  IT  A^  the  directions  are  expressed  by  the  two  opposite  points  of  the 
lunar  compass  between  which  the  line  lies,  regarding  throughout  the  meridian 
as  the  starting  line,  and  passing  from  south  by  west  to  north.  In  Qua- 
nta I.  and  IV.  the  arrangement  will  be  from  the  meridian  westward,  and 
ifi  Quadrants  II.  and  III.  from  the  meridian  eastward. 

*  Schmidt,  in  his  '  Catalogue  of  Rills',  ascribes  the  discovery  of  this  interesting  formation 
to  Sebrifcr,  who  noticed  it  1787,  October  1,  and  delineated  it  in  his  Selenotopographische 
™»fn*nte ;  bat  it  was  carefully  observed  by  Bianchini  on  the  date  given  in  the  text,  and 
bribed  and  figured  by  him  in  his  '  Hesperi  et  Phosphori  Nova  Phenomena,'  printed  at 
Borne  in  1728.    Bianchini  mentions  it  as  indicated  in  Cassini's  chart. 
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Direction. 


Character. 


Objects  and  Remarks. 


abyW.-N.byR 

S.byW.-N.byE. 
S.byW.-N.byE 

abyW.-N.byR 

aaW.-N.N.R  . . 

aaw.-N.N.E... 

&8.W.-N.N.E... 


8.S.W.-N.NJS.,, 

aaw.-N.N.E. . . 


W.N.W.-RS.E. 
W.N.W.-RaK 


1.  Depression . 


2.  Upheaval  and 

depression. 

3.  Upheaval  and 

depression. 


4.  Upheaval   .. 

1.  Depression  and 

upheaval. 

2.  Depression  and 

upheaval 

3.  Upheaval  and 

aepression. 


4  Depression  and 

upheaval. 
5.  Depression 


1.  Depression  and 

upheaval. 

2.  Depression  and 

upheaval. 


IV  A**1,  IV  A*58,  IVA*18,  IV A**. 

This  line  is  continued  in  area  IV  A9  acres 
Hailey  j  it  intersects  S.S.W.-X.N.R  IVA* 
No.  8  in  the  mountain  IV  A**9,  and  merge 
into  IVA'48  and  IVA" >7. 
IVA*48,  IV A*18,  IVA*88 

IV  A*3?,  IV  A*4*,  IV  A«  ",  IV  A<lfl. 

The  three  lines  which  differ  slightly  in 
their  inclination  to  the  meridian  all  en- 
verge  to  the  mountain  IV  A^89. 
IVA*8*,  IV  A**,  IV A**,  and  the  a* 

border  of  Rhsatieae. 
IVA*7,  IV A**4,  IV  A«*    IVA*85      , 

IV  A**1  IVA**. 
IV  A*84,  IV  A*87,  IV  A*8*,  IV  A**1. 

IVA*8*  IVA*78,  IVA*16,  IVA*** 

IV  A*84,  IVA**     Also  the  lucid  spot 

IVA*71. 

These  three  lines  are  parallel  with  mi 
close  to  each  other,  and  agree  in  directwa 
with  three  somewhat  similar  lines  in  am  ( 
IV  A^  on  the  oppotiie  side  of  Hippareaw; 
via.  aS.W.-N.N.E.   IVA*  Nos.  8  and  a 
See  Table,  p.  272,  and  the  low  hills  on  the. 
N.W.sideof  the  valley  IV  A**7.  ThemiAft?, 
liiwaaW.-N.NJ2.No.2of  IVA*  v£&**\ 
of  IV  A  ^  can  be  traced  on  tbeSJS.W.intk 
direction  of  the  crater  C  and  ring  d  of  K  fc 
M.  on  arealVA** 
IVA*80,  IVA*»   IVA*76,  IVA*51,  sad' 

the  west  border  of  Hailey. 
IVA*88,!^"18.  , 

The  close  coincidence  of  directum  d  the  \ 
lines  of  depression  and  upheaval  on  the 
N.E.  and  S. W.  sides  of  HipparehuB  appears 
to  point  to-  a  more  recent  epoch  for  the  far-- 
mation  of  the  floor  than  that  at  which  the ' 
mountainous  border  was  produced,  and  the 
very  general  direction  S.S.W.-N.N.E.  of 
the  lines  of  disturbance  in  this  part  of  the 
moon  points  to  a  still  earlier  epoch,  when 
the  surface  was  dislocated  in  lines  ruming 

aaw.-N.N.E. 

IVA*14,  IVA*33,  IVA*18,  IV A*88, 
IVA*7,  IVA*88,  IVA*83.  IV A*". 

IVA*14,  IVA*88,  IVA*18,  IV  A*38        , 
IV A*18,  IV  A**8,  IVA-*,  IVA*84, 
IVA*52,  IVA*51.  i 

These  lines  form  a  range  of  cliffs  which) 

is  parallel  with  the  line  W.N.W.-ES.E.J 
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Direction. 


Character. 


Objects  and  Remarks. 


'ww.-aR. 


1.  Upheaval  and 
depression. 


X.N.W.-S.S.E. . . 

1 
I 

NNW.-S.S.R., 

f 
WbyW.-S.byE. 


S.-X. 


2,  Upheaval  and 
depression. 

1.  Upheaval?,.. 


2.  Upheaval  , . 
1.  Depression . . 


1.  Upheaval  and 
depression. 


IV  A*  6  (see  Table,  p.  278)  on  the  opposite 
part  of  Hmparchus,  and  separates  the  higher 
level  of  Eupparchus  from  the  lower  level  of 
IV  A*11.  If  the  two  W.N.W.-E.S.E. 
ranges  in  IV  Aa  and  IV  A^  were  contempo- 
raneous in  their  origin,  either  the  higher 
level  of  Hipparchus  has  been  comparatively 
undisturbed,  or  the  irregularities  between 
the  two  lines  of  disturbance  have  been  over- 
spread  subsequent  to  their  formation;  the 
apparently  ancient  crater  which  now  ap- 
peal's as  a  wreath  of  disjoined  mountains  in 
IV  A^58  is  significant  in  this  respect 
IV  A«6,  IV  A*M,  IV  A*%  IV  A*6, 

IV  Aa,fl,  IV  A*69,  IV  AftftMV  AaM, 

IV  A«*  TVA^l 

This  line  forms  part  of  a  very  extensive 
range  of  cliffs,  which  can  be  traced  from 
the  east  border  of  Ptolemseus  past  the  con- 
spicuous crater  Herschel  I  across  the  area 
IV  Aa,  N.  W,  of  the  N.E.  point  of  the  bor- 
der of  Rhaeticus,  probably  as  far  as  the  cra- 
ter Menelaus,  on  the  south  border  of  the 
Mare  Sereniiatis.  With  the  exception  of 
the  small  portion  forming  the  N.E.  border 
of  Ptolemseus  which  faces  the  S,W<,  the 
faces  of  the  cliffe  are  directed  towards  the 
N.E.  In  the  N.  W.  part  the  range  is  parallel 
with  a  portion  of  the  Apennines. 

In  area  IV  Aa  this  line  with  W.N.W.- 
E.S.E.  No.  2,  and  S.  by  W.~N.  byE.No.4iiH 
close  a  triangular  space  more  or  less  disturbed 
in  which  the  crater  IV  A*  4  i8  prominent 
IVA*»9IVA*n.IVA?79rv-Ai*%itoM0* 

the  N.W.  border  of  Ptolemseus  to  the 

crater  on  its  floor. 
rVAft68.IVA*<*,IVA*70. 

This  short  line  prolonged  across  Reaumur 
intersects  W.N.  W.-E.S.E.  No.2,andN.W.- 
S.E.  No.  l,near IV  Aa 43.  Thecrater  in Ptole- 
mseus is,  in  the  continuation  of  this  line* 
IVAa,9,IVA«**,IVA*M. 

This  line  is  directed  towards  the  west 
border  of  Thebit,  and  the  east  border  of 
Purbach. 
IV  AaM,  IV  A*10,  IV  AaM,  Rhseticus. 

This  line  of  considerable  depression  lies  be- 
tween the  two  faults  IV  Aa  4*  and  IV  A*4*. 
IV  A*",  IV A*91,  IV A*<*    IV A*6,  and 

IV  A*61. 

A  line  principally  of  depression  (craters). 
There  is  quite  a  inot  of  craters  east  of 
IV  A^32,  forming  apparently  a  second  point 
of  upburst  on  the  "  Ray  from  Tycho,    the 
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Direction. 


Character. 


Objects  and  Remarks. 


S.S.W.-N.N.E. 


S.S.W.-N.N.E.. 
S.S.W.-N.N.E.. 

S.S.W.-N.N.E. . 
S.S.  W.-N.N.E. . 

S.S.W.-N.N.E. . 

S.S.W.-N.N.E.. 
S.S.W.-N.N.E  . 

S.S.  W.-N.N.E.. 


S.W.-N.E.  . . . 
S.W.-N.E.  ... 
S.W.-N.E.     ... 


W.S.W.-E.N.E. 


1.  Upheaval  and 
depression. 


2.  Depression 

3.  Depression . . . 


4.  Depression  and 
upheaval. 


5.  Depression  and 
upheaval 


6.  Depression  and 
upheaval. 


7.  Upheaval  with 
depression. 


8.  Upheaval  .... 

9.  Depression. . . . 

1.  Upheaval  . . , . 

2.  Depression .... 

3.  Upheaval  .... 

1.  Depression. .. . 


neighbourhood  of  IV  A**,  and    IV  A^ 
being  the  Jirst  as  regards  magnitude. 

IV A«*  iva£*,iv A*»  IVA^,  iya*1 

^  This  is  a  line  of  upheaval  with  a  depre- 
sion  at  each  end  in  which  the  highest  pohfc 
—two  mountains— are  IV  A**  and  IV  A*"1*. 
It  lies  in  the  same  direction  as  the  e&*t  «mi 
of  Albategnius,  and  extends  N.N.E.  lata 
area  HI  A*. 
IVA^87,IVA<ia,WA^. 

In  this  line  the  crater  IV  A* 1S  is  prominent. 
IVA*7o,lVA*M. 

The    crater-rill    IV  A*M    on    the  2rc 
W.N.W.-E.S.E.  No.  2  c     ses  this  bat. 
IV A**>,  IVA#«,  IV  A*M,  IV  A<*,  ad 

IV  A*1  the  east  wall. 

This  line  is  interrupted  by  the  crater-i3L 
IVA*«. 

IVA**\  IV  A*M,  IV  A*",  IV  A*« 
IV  Af  «,  IV  A*1  the  west  wall,  IV  Aft 

This  line  is  separated  into  three  por- 
tions by  the  line  of  upheaval  and  depres- 
sion IV  A*6'  W.N.W.-E.S.E.  No.2,  ako  br ' 
the  line  of  upheaval  N.N.  W.-SJS.K  No.  L , 
IV A*8*,  IV A* *°,  IV  A* «  IV A*«,  IVA« 

This  line   prolonged  N.N.E.  will  pass 
through  IV  A*  ",  as  well  as  the  point  afop- 
heavaUVA*3*. 
IVAf*fIVA<*,IVAf*. 

This  line  is  in  continuation  with  the 
N.  W.  border  of  Albategnius.  ! 

Hallby,  theE.  border  IV  A**,  IV  A**. 

IV  A*5'. 

This  line  is  continued  S.S.W.  to  tie  W. 
border  of  Albategnius. 
The  valley  IV  A?87  with  Lohrmann^  three 

craterlets,  IV Af »  IV A*fa,  IV Af*. 

IVA**>. 

IVA^MVA^IVA**3. 

IVA^^IVAd. 

These  three  lines  are  greatly  separated 
on  the  area  IV  A*. 
IV  A*10.  IV  A*  M,  IV  A*50,  IV  A*  M, 

IV A"1,  IV  A*?*,  IVA<»  IV  A**, 

IV  A<55. 

This  is  a  line  of  craters  and  depressions, 
the  longest  on  the  area.  It  hardly  assume*, 
however,  the  character  of  a  contiguous  line 
of  depression,  although  the  craters  and  de- 
pressions are  near  each  other,  being  inter- 
rupted by  the  line  of  upheaval  N.N.W.- 
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Direction. 


Character. 


Objects  and  Remarks. 


W.S.W.-E.N.E. 


W.8.W.-RN.E. 


2.  Upheaval 


8.  Depression. 


W.N.W.-E.S.& 
W.N.W.-E.8.E. 


W.N.W.-E.S.E. 


W.&W-E&E. 


1.  Depression. . . . 

2.  Depression  on 

a  line  of  up- 
heaval 

3.  Upheaval 


4  Upheaval  and 
depression. 


6.  Depression . 
6.  Upheaval  . 


S.S.E.  No.  5,  and  also  crossed  by  the  N.E. 
wall  of  Albategnius,  which  is  identical 
with  the  line  of  upheaval  and  depression 
W.N.W.-E.S.E.  No.  2,  at  the  point  of  cul- 
mination IV  A^3*.  It  is  not  unlikely  that 
the  two  upheaving  forces,  whether  contem- 

Soraneous  in  their  action  or  otherwise,  pro- 
uced  great  disturbance  in  the  north  part  of 
Albategnius,  the  result  being  the  large 
group  of  craters  in  the  south  part  of  the 
area  IV  A*.  The  two  main  lines  of  disturb- 
ance are  clearly  W.N.W.-E.S.E.  No.  2, 
N.N.W.-S.S.E.  No.  5,  of  which  N.N.W.- 
S.S.E.  No.  5  appears  to  be  the  most  recent 
IV  A*86,  IVA*7i,  IVA^M,  IV  A<*\ 

This  line  of  upheaval  is  interrupted  by 
the  line  N.N.W.-S.S.E.  No.  5,  and  east  of 
that  line  it  curves  into  S.S.W.-N.N.E.  No. 
5.  It  forms  a  curve  across  the  formation 
IV  A***. 

IV  A**5,  IV  A**,  IV  A**0,  and  the  crater- 
row  IV  A*  ,8-IV  A* ,9. 
It  would  almost  appear  that  this  line  of 
depression  was  due  exclusively  to  the  out- 
break that  produced  IV  A*1  and  its  sur- 
rounding group  of  craters;  but  the  line 
W.S.W.-E.N.E.  No.  2  being  in  exactly  the 
same  direction,  in  fact  a  continuation  of  it. 
and  not  only  so,  for  this  same  line  is  continued 
W.S.W.  past  Halley,  and  E.N.E.  on  the 
N.  W.  border  of  Ptolemaus,  it  would  rather 
appear  that  the  whole  line  of  upheaval  and 
depression  resulted  from  the  operation  of  a 
force  that  exerted  itself  over  a  much  greater 
extent  of  area, 

IV  A* ,0,  IV  A< »  IV  Ax  l7,  IV  Ax  ,8. 
IVA**7, 1VA<M. 

This  line  has  been  interrupted  by  the  line 
N.N.W.-S.S.E.  No.  5.     It  is  formed  of 
Schmidt's  crater-rills  Nos.  356,  854. 
IV  A**,  IV  A**. 

Nos.  2  and  3  appear  to  be  portions  o  the 
same  line  of  fault ;  No.  8  being  sliphtlyN.E. 
of  the  continuation  of  No.  2,  which  indeed 
is  continued  on  the  N.W.  side  of  Halley. 
IV  A*M,  IV  A**1,  IV  A*<*  IV  A**, 

IVA*«*. 

This  appears  to  be  of  small  extent  and 
confined  to  the  second  point  of  upburst  on 
the  "  Ray  from  Tycho.* 
IV A**,  IVA<4,  IVA<»,  and  the  S.E. 

mouth  of  the  valley  IV  A*  M. 
IV  A**  IV  A*80,  IV  A*»  IVA*6li 

IV  A'  ^.border,  IV  A*16. 
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HE  POET — 1866. 


Direction. 


Character. 


Otyecto  and 


WJff.W.-RRR 
N.W.-S.R    ..- 


7.  Upheaval  ... 


LRill. 


N.N.W.-S.S.R. 
N.N.W.-S.8.R. 

N.N.W.-S.S.R. 


N.N.W.-&SJE.. 


N.N/W.-S.S.R. 


N.byW.-S.byR 

N.byW.-S.byR 
N.byW.~S.byR 


1.  Valley    .... 

2.  Upheaval  .. 
8.  Depression .... 


4.  Depression  on 
a  line  of  up- 
heaval 


3.  Upheaval  , . . 


1.  Upheaval  .. 

3.  Upheaval  . , 
S.  Upheaval  < . 


These  six  lines  traverse  a  t 
lar  area,  bounded  on  theS.8.W.  byWJN.1 
RS.E.  No.  1,  on  the  N.N.E.  byW.N.W- 
B.S.E.  No.  6,  on  the  W.N.W.  by  S.S.W.- 
N.N.E.  No.  8.  and  on  the  E.SJE.by  S.S.W.- 
N.N.E.  No.  1.  The  area  thus  enclosed  if 
the  most  disturbed  in  this  part  of  the  moos. .' 
1VA<M  the  longer  axis. 

1VA^». 

ThiB  rill,  which  is  not  in  Schmidt's  Cata- 
logue, was  discovered  on  RutherfordTs  pho- 
tograph by  the  author  on  Julv  21, 1866.  It , 
was  observed  with  the  Royal  Society'i  te- 
lescope of  4£-inch  aperture,  power  SQ  as 
August  18, 1866.  It  lies  m  the  line  W.X.W,- 
E.S.RNo.6.  > 

IV  AC" 

IVAC»7,IVAC*  1 

IVA^w 

IV  A*87,  which  is  just  at  the  S.E.  comer 
of  the  disturbed  rectangular  area  before  de-  ■ 
scribed,  is  in  the  same  line  of  direction. 
IV  A***,  IV  A*?*,  IV  A*43,  IV  AC » 

IVAfw,IVACw,  IVA5fl,rVrA<«        ' 

IVAC*,IVAC»,IVAC«». 

These  objects,  with  the  exception  of  tk ' 
rill  IV  A^  81,  are  on  the  east  side  of  the  ana 
line  ot  fault  N.N.W.-&S.R  No. 5;  tat; 
mountain  IV  Af61  is  just  east  of  it.  ; 

IV  AC*  IV  A  **  IV C«»  IV  AC»,  i 

ivac»»,ivac«,  ivac* 

This  is  the  main  line  of  fault  cronfaff  tk< ; 
It  appears  as  a  portion  of  a  load 
ray  from  Tycho  in  the  full  moon.  I 

It  is  noteworthy  that  these  five  Eb«  of 
upheaval  and  depression  are  found  in  this 
area  on  the  east  of  the  main  line  of  nult 
only,  including  it 

IVAC^IVAC"  IV AC". 

Forming  the  west  border  of  Ptolemsus. 
IVAC«7 
IV  AC". 


j 


General  Remarks*— -The  most  interesting  feature  resulting  from  this  dis- 
cussion, confined  as  it  is  in  extent,  is  the  almost  rectangular  area  of  great** 
disturbance  on  IV  A*  crossed  by  two  main  lines  of  fault  which  intersect  each 
other  in  the  point  IV  A*86;  one,  W.N.W.-E.S.E.  No.2  (IV  A*67,  TV&h 
coincident  with  the  north-east  wall  of  Albategnius,  having  several  cittew 
opened  on  it,  and  running  parallel  with  the  S.S.W.  and  N.NJB.  boundaries 
of  the  areas  the  other,  N.N.W.-S.SJE.  No.  5,  which  breaking  through 
W.N/W.-RS.E.  No.  2  at  the  point  of  intersection,  leads  strongly  to  the 
conclusion  that  the  line  N.N.W.-8.S.E.  No.  5  is  the  most  recent^  and  *» 
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ae  of  fault  appears  to  be  connected  with  Tycho.  It  does  not  appear  at  pre- 
ait  that  W.N.W.-E.S.E.  No.  2  is  connected  with  any  centre  or  point  of 
itbxeak,  unless  it  may  be  with  IV  A*  2,  of  which  we  may  have  to  say  more  in 
reating  of  that  area.  Another  disturbed  area  occurs  on  IV  A*  between  the 
ines  WJK.W.-E.S.E.  No.  2,  N.W.-S.E.  No.  1 •  it  is  bounded  on  the  west  by 
he  line  S.  by  W.-N.  by  E.  No.  4.  The  lines  of  disturbance  at  right  angles 
jo  W.N.W.— E.S  JE.  are  the  most  numerous,  nearly  30  per  cent,  of  the  whole 
on  the  two  areas,  equal  to  17688*35  square  miles  English ;  and  there  is  some 
reason  to  believe,  as  mentioned  under  IV  A?  54,  that  the  whole  set  may  be  in 
connexion  with  the  easternmost  of  the  ray-centres  in  the  8.W.  portion  of  the 
moon,  but  a  more  extensive  examination  is  necessary  before  this  can  be  de- 
cided. Arranging  the  whole  of  the  directions  according  to  a  percentage  scale, 
we  have  as  under : — 


Directions. 

Lines. 

Percentage. 

S.S.W.-N.N.E 

14 

2917 

W.N.W.-E.S.E.  .... 

9 

18-75 

N.N.W.-S.S.E.    .... 

7 

14*59 

8.  by  W.-N.  by  E.  . . 

4 

8-83 

N.  by  W.-S.  by  E.  . . 
S.W.-N.E.    

4 

8-83 

8 

6*25 

W.S.W.-E.N.E 

3 

6-26 

N.W.-S.E.    

8 

6-25 

N.-S 

1 

2*08 

The  following  Table  exhibits  the  proportion  in  each  area  : 


Directions. 

IV  Aa. 

IV  A*. 

lines. 

Percentage. 

line. 

Percentage. 

S.  by  W.-N.  by  E.  . . 
8.S.W.-N.N.K    .... 
W.N.W.-E.S.E. .... 

N.N.W.-S.S.E 

W.S.W.-E.N.E 

8.W.-N.E.    

N.  by  W.-S.  by  E.  . . 

N.W.-S.E. 

N.-S 

4 
6 
2 
2 

i 

2 

25*00 
81-26 
1250 
12-50 

6-25 
12-60 

9 
7 
6 
8 
8 
3 
1 
1 

28125 
21-875 
16*625 
9*876 
9-875 
9-876 
8-  26 
3125 

Area  IV  A*  =  8877*925  square  miles  English. 
Area  IV  A*  m  8810*425  square  miles  English. 

It  is  worthy  of  remark  that  the  directions  giving  the  greatest  numbers  are 
*t  right  angles  to  each  other.  That  which  is  evidently  the  main  line  of 
fault,  extending  both  N.N.W.  and  S.S.E.  beyond  the  areas  IV  A*  and  IV  A* 
i*  accompanied  with  the  next  greatest  number  of  parallel  lines  of  upheaval 
*Q&  depression,  but  confined  to  the  eastward  of  the  main  line  of  fault,  while 
ia  the  other  directions  the  numbers  are  few. 

The  point  between  IV  A*69,  IV  A*  ™IV  A*36,  and  IV  A*74  appears  to  be 
a  centre  of  disturbance,  or  point  of  upburst.  There  is  one  of  a  secondary 
character  at  IV  A*32,  which  is  also  a  point  of  intersection  of  lines  of  upheaval 
"^depression. 

t2 
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Po8T8c*ipt.— 1867,  April  12. 

In  order  to  avoid  any  bias  in  the  production  of  the  outline,  or  in  drains? 
up  the  catalogue,  1  purposely  abstained,  except  in  a  few  special  instances. 
from  consulting  either  B.  &  M.  or  Lohrmann,  so  that  the  work,  so  far  as  it  hie 
proceeded,  is  perfectly  independent  of  the  labours  of  previous  stenographer! ; 
but  while  the  foregoing  sheets  were  passing  through  the  press,  and  tifter  the 
areas  IV  A-  and  IV  A*  were  engraved,  I  very  carefully  compared  them  iritb 
Lohrmann's  sections  (the  reader  can  make  his  own  comparison  with  B.  &  1L, 
the  corresponding  portions  of  their  Map  being  given  in  the  Plate).  Aj  it  is 
not  unlikely  that  some  of  the  notes  may  be  of  interest,  I  take  this  opportu- 
nity of  adding  them.     A  few  have  already  been  inserted. 

IV  A*. — 2.  Reaumur.  Neither  B.  <fc  M.  nor  Lohrmann  give  any  objects 
on  this  plain. 

7.  The  mountain-range  on  which  this  crater  is  opened  is  continued  bj 
Lohrmann  towards  his  mountain  34,  Sec.  I.  (IV  A? 37),  where  he  giro  an 
opening  into  the  plain  west  of  IV  A*24  (Lohrmann's  W.  Sec.  I).     IV A*17, 
IV  A*  39  is  in  the  direction  of  this  mountain-chain,  and  it  may  probably  be 
the  craterUt  which  Lohrmann  shows  on  or  near  its  south  end. 

12,  13  are  shown  by  Lohrmann  as  valleys  opening  into  Hipparcrms,  In 
his  *  Topographic  der  Sichtbaren  Mondoberflache,'  Sec.  I.  p.  45,  he  says, 
"The  valley  between  32(IVA«S0)  and  33  (IV A*28)  unites  the  interior 
floor  of  Hipparchus  with  the  plain  of  the  Mare  vaporum." 

I  have  not  met  with  an  opening — certainly  not  with  one  that  would  easily 
strike  the  attention — in  the  line  of  cliffe  forming  the  N.E.  boundary  of 
Hipparchus.  If  I  have  interpreted  Lohrmann's  language  correctly,  it  would 
appear  that  he  considered  that  the  floor  of  Hipparchus  and  that  of  the  Mare 
vaporum  (Sinus  Medii,  B.  &  M.)  were  at  the  same  level.  Now  in  my  obeff- 
vations  of  the  region  around  TV  A*  4  I  found  it  depressed  below  JBipparehMSj 
the  line  of  cliffs  forming  the  partition.  The  only  valley  which  I  have  given  is 
IV  A* 32,  south  of  IV  A*  l0.  1867,  April  11, 1  found  an  opening  in  IV  A* ,s ; 
the  surface  is,  however,  inclined  towards  IV  A-  lI. 

Query.  Is  IV  A* l2  blocked  towards  IV  A*  l0,  as  shown  by  Lohrmann,  by 
the  mountain  which  appears  to  be  the  east  side  of  the  valley  IV  A*32? 

20.  The  mountain  on  the  west  of  the  south  portion  (IV  A*21)  appears  to 
be  figured  by  Lohrmann  at  the  mouth  of  the  valley  between  32  and  33  of  hi* 
Sec.  I.,  but  he  does  not  in  the  slightest  degree  indicate  the  depression  to  the 
east. 

25.  This  appears  to  be  the  N.W.  side  of  the  valley  which  Lohrmann  men- 
tions and  figures  in  Sec.  I;  87. 

32.  This  valley  is  shown  by  Lohrmann  with  a  mountain-range  within  it. 
The  interior  mountain-range  I  have  not  seen.  Lohrmann  showB  the  S.W. 
mouth  of  the  valley  open,  and  exactly  in  the  line  of  the  valley  IV  A'  18. 

43,  58.  These  formations  are  partially  shown  by  Lohrmann  with  at  least 
two  additional  mountain-chains ;  IV  A*  43  appears,  according  to  Lohrmann,  to 
stand  in  a  valley ;  IV  A*  58  is  ill  figured. 

47.  This  cleft  is  well  shown  by  Lohrmann,  as  well  as  the  dark  colour  on 
the  surface  which  is  very  marked  in  the  photograph. 

53.  Lohrmann,  in  his  text,  p.  55,  speaks  of  this  valley  as  connecting  th« 
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>laixm  W.  Sec.  I.  (IV  A*9,  IV  A*24)  with  a  plain  east  of  Hipparchus.  He 
pves  four  openings  (valleys)  in  the  mountainous  border  of  this  plain,  viz.  88, 
:*i*,  and  90  of  Sec.  I.,  and  another,  which  do  not  by  any  means  appear  pro- 
minently in  the  photograph. 

59.  Lohrmann  gives  this  as  the  N.E.  extremity  of  a  long  mountain-range 
parallel  with  IV  A*43. 

BX.  Lohrmann  gives  a  short  low  mountain-range  which  lies  in  the  direc- 
tion of  this  ray;  or  it  may  be  IV A-63. 

T2.  This  "  Fault,"  which  under  a  suitable  illumination  is  quite  apparent, 
is  not  indicated  by  Lohrmann,  neither  are  the  marked  dislocations  of  the 
border  of  Khaeticus  shown. 

To.  The  north  portion  of  this  valley,  with  apparently  a  low  mountain- 
r&x&ge  separating  it  from  IV  A*76,  is  shown  by  Lohrmann  in  Sec.  1. 25.  The 
valley  IV  A*  75  as  it  enters  IV  A*  1 2  has  a  darker  tint  in  Lohrmann. 

T7.  Lohrmann  shows  a  plain  here. 

79,  81.  Are  these  the  two  craterlets  which  Lohrmann  places  at  the  entrance 
of  tiis  valley,  8ec.  I.  87? 

80.  Lohrmann  mentions  (p.  55)  and  delineates  in  this  neighbourhood  (pro- 
bably the  loweF  part  of  the  slope  of  IV  A*  80)  a  valley,  87,  Sect.  I.,  7  German 
miles  (32-2  English  miles)  in  length.     This  valley,  with  the  individuality 
ascribed  to  it  by  Lohrmann,  has  not  arrested  my  attention.     I  am  neverthe- 
less disposed  to  regard  it  as  running  between  IV  A*80  and  IV  A* 52.     Lohr- 
mann also  mentions  and  shows  two  craterlets  at  its  entrance. 

The  following  objects  occur  in  Lohrmann's  Section  I.,  15,  30,  68,  69,  70. 
The  following  objects  are  not  found  in  Lohrmann's  Section  I.,  23,  38,  39, 
40,  41,  46,  57,  60,  64,  65,?  66,  71,  73,  74,  82,  83,  84. 

IV  A*. — 25.  This  formation  is  alluded  to,  although  not  individually  de- 
scribed, by  Lohrmann  under  28,  Sec.  I.,  p.  44.  The  N.E.  boundary  is 
exceedingly  ill  figured  by  Lohrmann,  and  34,  with  its  two  mountain-peaks, 
1V  AC«1  and  IV  A537,  is  placed  too  far  to  the  east.  The  valley  IV  A*85 
between  IV  A*  fll  and  IV  A*  37  is  blocked  on  the  S.S.E.  by  Lohrmann. 

27.  This  valley  is  well  shown  by  .Lohrmann.  In  it,  just  N.W.  of  his 
mountain  (IV  A*  56,  IV  A*  bt  shown  as  one),  he  has  placed  a  craterlet,  which 
I  have  not  found,  nor  am  I  aware  that  it  is  mentioned  in  his  text. 

31.  This  mountain  is  shown  in  Sec.  I.  of  Lohrmann,  but  the  semi-crater 

IV  A*88  is  absent. 

32.  This  mountain  appears  to  be  the  N.E.  spur  of  Lohrmann's  20,  Sec.  I., 
the  south  part  of  which  he  places  in  the  position  of  Schmidt's  crater-rill  355. 
I  have  not  detected  his  N.W,  spur,  unless  it  be  IV  A*71,  which  is  a  difficult 
object.  Lohrmann  gives  four  craterlets  on  the  east  side  of  the  N.E.  spur. 
I  have  seen  three  of  them,  vis.  IV  A*90, IV  A*91,  and  IV  A*92. 

33.  68.  Both  given  by  Lohrmann  on  Sec.  I.  IV  A*  33  between  his  48  and 
20,  and  IV  A* w  on  his  20. 

40.  It  is  uncertain  if  Lohrmann  has  this  craterlet ;  he  indicates  a  very 
small  depression  of  a  similar  nature  not  far  from  its  locality. 

42,  43.  Both  these  craterlets  are  given  by  Lohrmann  on  his  mountain  19, 
8ec.  I.     I  have  not  yet  met  with  this  mountain. 

47.  Lohrmann  shows  IV  A*  *7  as  connected  with  a  range  running  towards 
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IV  A*  *  (X  of  Bee  I.).  This  does  not  appear  to  be  the  case  from  the  photo- 
graph. The  whole  of  this  portion  of  the-  map  requires  to  be  very  carefnllj 
examined  under  good  atmospheric  circumstances  at  the  telescope.  I  have  i 
record  1864,  July  24,  of  the  valley  88,  Sec.  I.  between  the  range  above  men 
tioned  and  a  parallel  one. 

52.  Shown  by  Lohrmann,  but  not  at  all  correctly.  It  is  quite  detached  u 
Sec.  I.  from  the  mountain  20,  on  the  south  edge  of  which  it  ia  evidentl; 
situated. 

56,  57.  Lohrmann  gives  these  mountains  as  one,  which  he  describes  as  thi 
highest  of  the  mountain-ranges  near  28  of  Sec.  I. 

58.  Lohrmann,  Sec.  I.  p.  44,  classes  25,  26,  and  27  together  as  apparent!; 
belonging  to  low  wall-mountains;  26  I  have  not  found ;  27  I  describe  as  ai 
ancient  and  partly  filled  crater  (IT  A*58)  with  a  slightly  depressed  surface 
and  25  is  the  depression  IV  A* 76  in  the  valley  IV  A*  85. 

59.  Lohrmann  shows  at  the  extremity  of  the  mountain-arm  ITA**"' 
which  he  extends  further  to  the  S.W.,  a  craterlet ;  this  is  probably  IV A*59- 

67,  82.  Schmidt's  crater-rills  354  and  355  are  situated  respectively  upffl 
the  S.W.  edges  of  Lohrmann's  two  mountains  19  and  20,  Sec.  I.,  which 
he  places  in  the  mountain-border  of  Albategnius.  These  mountains  hi 
separates  in  the  line  with  IV  A*  90,  IV  A*  9l,  and  IV  A*  92.  IV  A*  42,  whicl 
he  places  on  the  south  part  of  his  mountain  19,  is  a  little  too  far  east  as  com 
pared  with  mine ;  and  IV  A*  36,  which  he  places  incorrectly  with  regard  t 
IV  A*42  (inasmuch  as  it  is  on  the  S.W.  of  IV A*42),  he  throws  a  Kttl< 
too  far  to  the  east  of  the  line  IV  A*90,  IV  A*91,  IV  A*92.  It  is  the  crato 
IV A*86  which  separates  the  rills,  and  Lohrmann  shows  it  with  IV  A*^ 
lower  than  the  mountain-border  and  on  the  floor  of  Albategnius.  There  u 
no  point  of  upburst  indicated  by  Lohrmann  such  as  is  evident  on  the  photo- 
graph. 

78.  Given  by  Lohrmann  opening  into  a  plain  at  a  higher  level  than  the 
floor  of  Ptolemaeus.  On  this  plain  Lohrmann  places  IV A*55.  This  plain 
is  entirely  wanting  in  the  photograph.  1866,  Sept.  17,  8b  to  10*,  I  recorded 
the  appearance  of  a  plateau  between  IV  A*75  and  IV  A*17,  intermediate  it 
level  between  the  high  N.E.  border  of  Albategnius  and  the  low  floor  ol 
Ptolemaeus,  which  I  afterwards  found  was  the  summit  of  the  mountain 
IV  A*17,  and  between  it  and  the  mountain  IV  A*75  was  the  deep  hollo* 
IV  A*97,  seen  very  distinctly  on  the  19th  of  Sept.  1866.  I  have  not  m* 
with  Lohrmann's  plain.  The  deep  hollow  IV  A*97  is  entirely  wanting  fl 
Sec.  I.,  in  which  the  plain  occupies  the  position  of  IV  A*  23. 

84.  Lohrmann  shows  this  valley  as  blocked  by  a  portion  of  the  border  ol 
Ptolemaeus  between  his  16,  Sec.  I.,  and  the  plain  west  of  Ptolemaeus,  i.  e.  be- 
tween  IV  A* 16  and  IV  A*  23. 

The  following  objects,  some  very  imperfectly,  are  found  in  Lohrmann,  Sec 
I.,  10, 17,  26,  29,  83,  87. 

The  following  objects  do  not  occur  in  Lohrmann,  30,  54,  79,  86,  88, 80. 

Addejtda  to  Cataxooub. 

86.  A  craterlet  north  of  IT  A*  4 ;  estimated  2"*0  mag.  0-12. 
First  seen  1867,  April  11,  with  the  Royal  Society's  achromatic  4j-itfh 
aperture,  power  280.     It  is  not  in  B.  &  M.,  nor  in  Lohrmann. 
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87.  The  low  central  range  in  Bhseticus,  the  south  part 

88.  The  mountain-range  on  which  IV  A"7  is  opened.    It  if  3  of  B.  4  M. 
dotted  lines  in  areas  IV  A*  and  IV  A*  indicate  the  west  foot  of  this 

Yx*oantain*range,  the  east  requires  to  be  determined, 

IVA*.— 103.  A  craterlet  east  of  IVA*118;  estimated  2">0,  mag.  0-14 
Kot  in  Lohrmann,  but  shown  by  B.  &  M. 

104.  A  mountain  on  the  plain  IV  A*  94  shown  very  plainly  by  Lohrmann 
<m  Sec  L,  and  mentioned  in  his  f»xt  (p.  56)  as  lying  in  0°  30'  of  west 
long,  and  5°  40'  of  south  lat.,  direction  north  to  south,  estimated  length 
f*"-33,  breadth  3".  It  is  inserted  from  Lohrmann's  sections,  but  does  not 
Appear  on  the  photograph.  1864,  July  24, 1  saw  and  sketched  it.  The  in- 
strament  used  was  the  Hartwell  Equatoreal,  power  118,  the  eyepiece  being 
furnished  with  a  diaphragm  having  a  narrow  sHt,  along  which  the  object  was 
allowed  to  pass,  or  kept  in  position  by  the  clock  motion. 

105.  A  hill  between  the  south  end  of  IV  A* l04  and  IV  A*  47 ;  estimated 
diameter  l"-75. 

106.  A  hill  between  the  north  end  of  IV  A*  "4  and  IV  A*47 ;  estimated 
diameter  1"  75. 

Theee  two  hills  which  are  not  seen  on  the  photograph,  are  from  Lohrmann. 
They  are  on  his  Sec.  I.,  and  mentioned  in  his  text,  p.  65.  I  saw  and  sketched 
them  1864,  July  24. 

107.  A  slight  elevation  in  and  rather  west  of  the  centre  of  IV  A*1,  seen 
with  the  Royal  Society's  achromatic,  4^-inch  aperture,  power  230, 1867, 
JIarehlS,  7M0»,  »•  M.  T. 

108.  A  bright  spot  on  the  north  part  of  the  mountain  IV  A^01. 

1(>0.  A  bright  spot  on  the  north  part  of  the  mountain  IV  A***7.  Beth 
spots  were  seen  1867,  March  15,  7h  45*,  O.  M.  T.,  with  the  Royal  Society's 
achromatic,  4  J -inch  aperture,  power  230. 

110.  A  mountain  between  IV A*'7  and  IV A*47  in  the  east  border  of 
Hipparchus. 

111.  The  south  part  of  the  mountain-range  IV  A-88. 

112.  A  craterlet  near  the  south  end  of  IV A-88,  IV  A*,u ;  estimated 
3"-5,  mag.  0-21.    Shown  by  Lohrmann,  but  not  by  B.  &  M. 

118.  A  craterlet  SJS.  of  IVA*U2j  estimated  2"-0,  mag.  0'12.  Not  in 
Lohrmann,  but  shown  by  B.  &  M» 

114.  A  depression  N.E.  of  the  north  end  of  IV  A*lloj  estimated  length 
8.W.-N.E.  4"-0.     Neither  in  B.  k  M.,  nor  in  Lohrmann. 

IV  A* l03  and  IV  A*  !1°  to  IV  A* IU,  excepting  IV  A* ,!l,  were  first  seen 
by  the  author,  1867,  April-U,  with  the  Royal  Society's  4  J -inch  aperture, 
power  230.  The  positions  are  confirmed  by  the  photograph,  although  the 
objects  are  not  sufficiently  distinct  in  the  photograph  to  be  recogniced  inde- 
pendently of  observation  with  the  telescope. 

Lines  of  Upheaval  act>  Dbpbxssio*. 

The  south  border  of  IV  A*  M  is  in  the  prolongation  of  the  Una  of  upheaval 
IV  A*,  W.N.W.-E.S.E.  No.  6. 

IV A*  8.S.W.-N.N.E. No.  5.— IV  A*48  and  IV A* 47  are  k  continuation 
of  this  line,  which  forms  a  gentle  curve  convex  to  E.S.E. 
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IV A*  N.N.W.-S.S.E.  No.  6.— This  well-marked  "line  of  fruit"  tnm 
Tycho  is  continued  across  the  area  IV  A*  west  of  IV  A"  l0  and  Rhctieas. 

The  careful  study  of  the  lines  of  upheaval  and  depression  is  particnlarr/ 
recommended  to  lunar  observers  as  fuU  of  promise.  It  is  not  at  all  xmKkerj 
that  several  of  the  "  Bays  from  Tycho  "  will  be  found  to  possess  the  charac- 
ter of  lines  of  volcanic  energy.  It  is  an  interesting  fact  that  the  two  point! 
of  upburst,IV  A*  36  and  IV  A*  82,  on  the  "  ray  from  Tycho  "  crossing  the  area 
IV  A*  occur  in  localities  where  several  lines  of  upheaval  and  depression  in- 
tersect each  other. 

Concluding  Remarks. 
"We  would  again  call  attention  to  the  Note  on  p.  239,  to  the  effect  that  the 
present  Map  is  not  intended  to  be  perfect  or  complete ;  and  we  are  the  more 
anxious  on  this  point,  as  various  suggestions  have  been  offered  with  the  view 
of  rendering  it  more  efficient,  with  which  we  most  cordially  agree.     At  pre- 
sent the  engraved  portions  of  the  Map  are  in  outline,  and  will  doubtless  re- 
quire considerable  modification,  as  observers  work  at  the  subeones  (see  pp. 
241,  242)  which  they  may  select.     One  suggestion,  and  a  very  important  one, 
is,  "  that  as  the  craters  on  the  moon's  surface  are  the  leading  objects,  catch- 
ing the  eye  first,  and  giving  points  of  reference  to  the  region  under  obser- 
vation, it  would  greatly  facilitate  the  work  of  observers  if  the  craters  were 
rendered  more  conspicuous  in  the  engravings."    The  present  imperfection  of 
our  knowledge  of  "  detail "  interferes  materially  with  adopting  any  conven- 
tional mode  of  distinguishing  one  class  of  objects  from  another,  farther  than 
as  explained  on  p.  240 ;  but  as  the  Maps  are  intended  for  working-purposes,  and 
are  printed  on  paper  that  will  bear  colouring,  we  would  strongly  recommend 
that  each  observer  should,  before  commencing  his  observations,  tint  with  • 
suitable  colour  the  craters  in  his  pair  of  subzones ;  and  if  a  few  other  conspi- 
cuous objects,  as  mountains,  were  desirable  as  points  of  reference,  they  might 
be  tinted,  but  with  a  colour  as  much  in  contrast  as  possible.    The  portion  of 
Beer  and  Madler's  map,  referred  to  on  p.  241,  does  not  accompany  this  Re- 
port. 


Appendix  IV. 

Determination  of  the  apparent  Equator  on  De  La  Rue's  Photograph,  1865, 

October  4d9h0m4-. 


Name. 

X,Pho. 

JL,  B.  a,  M. 

DHL 

S. 
Messier 

•035 
•aoo 
190 

•i73 

••096 

•186 

'*53 
•o54 
•470 
•560 
•718 
•147 

•035 
•196 
•*93 
178 
098 
•191 

'150 
•051 
•466 

•55< 
•713 

•»35 

-000 
+  004 
-003 
-•005 
— -oo» 
-•005 

+•003 
+•003 
+•004 

+•004 

+*<»5 
+•01  a 

Theophilus 

Albategnius  

Dollond 

Henchel 

Gaseendi    

Picard    

DionyaiuB  

Linn6 

Antillus 

Pteo    ... 

Kepler    
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Name. 

Y,Pho. 

Y,B.&M. 

Diff. 

W. 

Albategnine  

TbeopbiliiB 

•079 
•45i 

•262 
•803 

•3U 
•191 
•023 

•601 
-028 
*6oi 
•105 

•068 
•434 
733 
•14a 
78* 
•294 

"177 
•015 

'609 
•037 
•606 

•112 

+•011 

+•017 
+•021 

-j-*020 
-j-'02I 
+  •019 
+-OI4 
+  •008 

—  •OO7 

—  •OO9 
—OO5 
—•OO7 

Meaner  

Dollond 

Picard    

DionyuuB  

Linnl ,.. 

Aristilltm 

E. 

/iliiBcindi ,  ... 

Herachel 

Kepler    

Pioo    

The  values  of  the  coordinates  are  expressed  in  parts  of  the  moon's  semi- 
diameter,  which  is  equal  to  unity.     See  Report,  1865,  p.  295. 


Report  of  the  Rainfall  Committee,  consisting  of  J.  Glaisher,  F.R.S., 
Lord  Wrottesley,  F.R.S.,  Prof.  Phillips,  F.R.S.,  Prof.  Tyndall' 
FJI.S.,  Dr.  Lee,  F.R.S.,  J.  P.  Bateman,  F.R.S.,  E.  W.  Mylne^ 
F.R.S.,  Charles  Brooke,  F.R.S.,  and  G.  J.  Symons,  Secretary, 
h  is  satisfactory  to  state  that  in  all  branches  of  rainfall  investigations  steady 
progress  has  been  maintained,  and  order,  regularity,  and  accuracy  more  fully 
established  than  at  any  previous  time.     Mr.  Symons's  last  Report  to  this 
Association  in  the  volume  just  published,  contained  an  epitomized  history  of 
rainfall  investigations  from  1677  to  1865,  the  present  one  deals  principally 
with  the  progress  made  since  the  Meeting  at  Birmingham.     The  Rainfall 
Committee  appointed  at  that  Meeting  having-  been  fully  impressed  with  the 
paramount  importan.ce  of  promptly  collecting  all  the  old  rain  records  that  are 
in  any  way  accessible,  directed  that  a  circular  should  be  sent  to  every  news- 
paper in  the  United  Kingdom ;  and  as  the  circulars  had  to  be  modified  for 
each  journal,  and  there  are  upwards  of  1400  newspapers  regularly  published, 
the  preparation  of  these  circulars  was  rather  a  tedious  process,  even  to  one 
pretty  well  used  to  voluminous  work.     They  were,  however,  all  ready  at 
last,  and  posted  simultaneously.     It  speaks  volumes  for  the  willingness  of 
the  press  to  help  science,  and  for  its  disinterested  public  spirit,  that  these 
circulars  (and  troublesome  ones  to  print  too)  were  inserted  by  many  hundred 
journals  without  a  scruple  or  a  word  as  to  payment.    The  circulars  were  as 
follows : — 

British  Rainfall. 
To  the  Editor  of  the 
8ir, — I  have  to  ask  your  readers'  attention  for  a  few  moments  to  a  request 
on  the  above  subject,  the  importance  of  which  hi  relation  to  engineering  and 
drainage  questions  is  well  known.  It  is  now  some  years  since  I  began  col* 
lecting  returns  of  the  fell  of  rain— with  what  success  I  will  mention  pre- 
sently, but  my  main  difficulty  has  been  to  find  out  the  persons  who  keep,  such 
records,  and  one  of  the  most  obvious  sources  of  assistance  is  the  Public  Press  • 
I  now,  therefore,  ask  from  each  and  every  journal  in  the  British  Isles  their 
all-powerful  aid.  When  the  collection  was  first  organized  in  1860,  scarcely 
200  persons  were  known  to  observe  and  record  the  rainfall ;  by  steady  per- 
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severance,  and  the  aid  of  a  portion  of  the  press,  the  number  has  been  raised 
until  there  are  now  more  than  1200  places  whence  returns  are  regularly  re- 
ceived. Still  1  know  there  are  many  more,  probably  hundreds,  who  have 
either  never  heard  of  the  establishment  of  a  central  depot  to  which  copies  of 
all  rain  records  should  be  sent,  or  they  have  been  too  diffident  to  send  them* 
It  is  of  paramount  importance  to  gather  these,  and  make  the  Tables  yet  more 
complete.  I  therefore  beg  leave  through  your  columns  to  ask  every  reader 
to  think  for  a  moment  if  he  or  she  knows  of  any  one  who  keeps,  or  has  kept, 
a  rain-gauge  ;  or  who  has  any  tables  of  rainfall  (or  old  weather  journals)  in 
their  possession.  And  if  they  do  know  of  such  persons,  I  ask  them  on  behalf 
of  science,  of  my  fellow-observers,  and  on  my  own  behalf,  to  use  every  effort 
to  secure  their  assistance,  and  to  favour  me  with  their  names  and  addresses. 
We  want  old  records,  we  want  records  for  the  present  year,  and  from  many 
parts  of  the  country  we  want  returns  for  the  future,  if  a  few  persons  will 
notify  to  me  their  willingness  to  assist,  and  to  pay  10*.  6c?.  for  the  Ten- 
cheap  and  simple  gauge  now  supplied. 

To  prevent  needless  correspondence,  I  annex  a  list  of  the  places  in  Bsdfird~ 
shire  whence  returns  have  been  already  collected  for  the  years  mentioned  in  the 
last  column,  and  shall  be  very  glad  of  any  additions  or  corrections.  Other 
counties,  or  the  complete  list  for  the  whole  country,  shall  be  Bent  to  any  one 
willing  to  make  good  use  of  it.  I  may  add  that  an  influential  committee  of 
the  British  Association  has  been  appointed  to  superintend  and  assist  in  my 
investigations,  and  that  they  cordially  support  my  present  application. 

1  am,  Sir,  your  obedient  Servant, 

186  Camden  Road,  London,  N.W.  G.  J.  Stmoss. 

The  Committee  consists  of  J.  Glaisher,  Esq.,  F.R.8. ;  Lord  Wrotteslev, 
F.R.8. ;  Prof.  Phillips,  F.R.8.;  Prof.  TyndaU,  F.R.8. ;  Dr.  Lee,  F.R.S.; 
J.  F.  Bateman,  Esq.,  F.R.8.;  R.  W.  Mylne,  Esq.,  F.R.8.,  and  myself. 


BlDFOKDSUIEB. 

Station. 

Eleva- 
tion. 

Observer. 

1 
Period.       1 

| 

Amnthill 

in 

IOO 

loo 
136 

*20 

4«P 

W.  fif.  Slinn,  Knq 

0  1865-           | 
C  1865- 
C  1851- 

1831,1853-31 
CIS46- 

0i*48~ 
01848- 

C1S64- 
1864- 

C185*-            | 

Becfford  (Britannia  Farm) 

t       „      (Harper  Street) 

Mr.  T.  Bowick  T. 

Dr.  Barker 

„      (Observatory)    

Admiral  Smyth 

Oardinaton  (Staff  noire) 

M*r  V«T*rwi 

(Obs.  muie)  

»> 

R  S.  Stedman,  Esq 

Sir  J.  M.  Burgoyne  , 

W.  Denne,  Esq 

(36  ft.+BTound)   

„      (Sharnbrook) 

Potton  (button  Park)' 

Stotfold  [Baldoek]   

Wobvirn  (Apsley) 

Bev.  0.  W.  Malum 

The  practical  results  of  the  publication  of  upwards  of  a  million  conies  of 
this  circular  were  awaited  with  much  interest.  Many  hundreds  (if  not 
thousands)  of  letters  were  received,  but  the  majority  of  them  referred  either 
to  observer*  with  whom  Mr.  Symons  was  already  in  correspondence,  or  to  old 
observations  already  collected.  About  200  letters  notified  that  the  writers 
had  recently  procured  rain-gauges,  and  would  be  happy  to  send  the  result* 
in  future ;  and  about  100  only  contained  what  was  (and  is)  most  required, 
namely,  old  observations  not  previously  collected— some  of  these  were  very 
valuable  records ;  but  on  the  whole  the  result  of  the  appeal  was  to  cooiro 
the  belief  that  there  are  not  now  very  many  records  in  private  hands  of  which 
copies  are  not  already  obtained  and  classified. 
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Taking,  as  we  may,  the  total  number  of  additional  stations  at  300,  it  does 
not  seem  expedient  to  give  yet  a  list  of  them,  but  rather  subsequently  to  issue 
a.  supplement  to  the  Hst  in  the  last  Report,  or  perhaps  a  completed  reprint. 

Extraction  and  Classification  of  published  Records. — We  regret  to  say  that 
absolutely  nothing  has  been  done  in  searching  the  Library  of  the  British  Mu- 
seum during  the  past  year.    Records  once  there  being  safe,  it  has  been  judged 
more  expedient  to  secure  those  from  other  quarters,  where  their  safe  custody 
Is  always  uncertain;  the  observers  die,  and  the  records  are  too  often  destroyed. 
Examination  of  Rain-gauges. — Ever  since  Mr.  Symons's  rainfall  investiga- 
tions were  commenced,  he  has  made  it  a  principal  aim  to  visit  as  many  as 
possible  of  the  gauges  actually  at  work,  and  by  conversation  with  the  ob- 
servers, and  by  examination  of  the  accuracy  of  their  gauges  and  the  suitability 
of*  their  position,  to  secure  at  once  stronger  personal  interest  in  the  work, 
and  greater  uniformity  and  accuracy  in  the  mode  of  carrying  it  on.     It  is 
therefore  with  much  pleasure  that  the  details  of  166  such  visits  are  annexed 
to  this  Report,  drawn  up,  it  is  hoped,  in  such  a  manner  as  to  afford  a  good 
general  idea  of  the  position  of  the  gauges,  and  absolute  knowledge  of  the 
degree  of  accuracy  of  each  gauge  at  different  points  of  its  scale.     Without 
entering  at  present  on  a  minute  analysis  of  the  results  of  these  examinations, 
it  may  be  affirmed  that  they  are  on  the  whole  immensely  beneficial.     As  a 
rule,  the  gauges  are  found  to  be  in  error  less  than  two  per  cent. ;  and  though 
now  and  then  he  comes  upon  gauges  which  are  a  disgrace  to  those  who  made 
them,  these  cases  are  altogether  exceptional.   A  more  frequent  source  of  error 
is  the  proximity  of  trees  and  tall  plants ;  it  cannot  be  too  strongly  impressed ' 
oa  observers,  that  they  must  keep  a  clear  open  space  round  their  gauges. 

Inclined  and  Tipping  Funnelled  Gauges. — At  the  last  Meeting  of  this 
Association  it  was  suggested  by  Mr.  Yarley  and  Prof.  Phillips  that  we  should 
ascertain  the  indications  of  a  gauge  whose  mouth  instead  of  being  horizontal 
should  be  inclined,  and  kept  face  to  wind  by  a  vane.  We  are  happy  to  be 
able  to  announce  that  Mr.  Chrimes  of  Rotherham  has  erected,  and  regularly 
observed,  a  most  exhaustive  set  of  instruments  for  the  investigation  of  this 
question.  They  are  erected  on  a  piece  of  exposed  high  land  in  the  suburbs 
of  Rotherham,  and  the  gauges  are  read  daily  and  5  monthly. 
The  instruments  are — 

1.  A  gauge  similar  to  one  employed  many  years  ago  by  Prof.  Phillips, 
having  one  horizontal  and  four  vertical  funnels,  facing  £.,  W.,  N.,  and  S, 
Of  course  if  the  rain  is  absolutely  vertical  it  will  only  enter  the  horizontal 
funnel ;  if  coming  absolutely  horizontal,  and  from,  say,  due  east,  it  will  only 
enter  the  funnel  facing  east ;  if  at  any  intermediate  angle,  it  will  partly  fall 
into  two  or  three  funnels,  each  being  provided  with  separate  pipes  and  taps ; 
the  quantity  caught  by  each  is  known,  and  the  angle  and  point  whence  the 
rain  fell  can  be  easily  calculated. 

2  to  5.  Four  gauges  revolving  by  vanes,  and  having  their  funnels  tilted 
towards  the  wind  at  angles  of  22 £°,  45°,  67  J°,  and  90°. 

6.  A  gauge  similar  to  the  above,  except  that  the  tilt  of  the  gauge  is  not 
fixed,  but,  being  supplied  with  levers,  Ac.,  varies  with  the  pressure  of  the  wind. 
In  a  dead  calm  the  funnel  is  horizontal,  and  in  a  gale  it  will,  it  is  hoped,  be 
tilted  to  an  angle  of  70°  or  80°.  It  should  thus  be  always  at  right  angles  to 
the  wind,  and  catch  more  than  any  other  gauge  in  windy  weather. 

7.  A  Robinson's  anemometer,  to  give  the  horizontal  motion  of  the  air. 

8.  A  set  of  gauges  at  different  elevations — 10  feet,  15  feet,  20  feet,  and 
25  feet  above  the  ground ;  two  at  each  height,  one  for  daily  and  one  for 
monthly  measurements.  These,  and  also  the  above-mentioned  gauges,  are 
all  5  inches  diameter. 
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The  observations  were  submitted  for  discussion  to  Mr.Baxendefl,  FJLAf , 
who  reports  as  follows : — 

Note  on  Mr.  Chrimes's  Rain-gauge  Experiments,  by  Joseph  BarendeU,  Em~ 
F.R.A.S. — Comparing  the  quantity  of  rain  received  by  the  horizontal  mesfc 
of  the  five-mouthed  gauge  with  fiat  received  by  the  W  inclined  gauge,  I 
find  that  4he  mean  monthly  angles  of  deviation  from  the  vertical  of  ialiisg 
rain  were—  0     ,  0     , 

April  ....   54  45        May    ....   60  22        June  ....   35  15 

The  mean  derived  from  the  entire  series  of  observations  (not  the  mesa  of 
the  monthly  means)  is  42°  13'.  This  value  is  greater  than  I  was  prepared 
to  expect,  but  is  borne  out  by  the  results  of  the  other  gauges ;  thus,  the 
greatest  quantity  of  rain  was,  in  every  month,  received  by  the  45°  incSaei 
gauge ;  and  comparing  the  results  of  all  the  inclined  gauges,  we  obtaiv  Jk 
following  monthly  values : — 

April 56        May 53        June 37 

The  mean  daily  movement  of  the  wind  on  rainy  days  was  149  wfck 
Arranging  the  rainy  days  in  two  groups,  the  one  including  all  the  dayswka 
the  movement  of  the  wind  was  above,  and  the  other  all  those  when  it  was 
below  the  mean  value,  we  find  that  with  a  mean  daily  movement  of  1(8*9 
miles,  the  rain  fell  at  an  angle  of  33°  38'  from  the  perpendicular,  and  with 
a  mean  daily  movement  of  227*4  miles  the  angle  was  increased  to  58°  21'. 

The  five-mouthed  gauge  was  in  use  two  months  earlier  than  the  series  of 
inclined  gauges,  and  the  mean  monthly  horizontal  direction  of  the  rain  de- 
duced from  its  indications  was  as  follows : — 

February    8.  74  11  W. 

March 8.  25    4  E. 

"        April N.57  29  E. 

May    N.  65  14  E. 

June    N.  46  36  E. 

If  I  understand  the  construction  of  the  tipping-gauge  aright,  it  ought  to 
receive  more  rain  than  any  of  the  other  gauges,  but  the  observations  show 
that  while  in  general  it  receives  more  than  the  horizontal  and  vertical 
gauges,  it  receives  less  than  the  gauges  whose  orifices  are  inclined  at  angi* 
of  22£°,  45°,  and  67£°.  On  days  when  the  velocity  of  the  wind  is  less 
than  the  average,  the  tipping-gauge  receives  less  than  either  the  22f  or 
45°  inclined  gauge,  and  more  than  any  of  the  other  gauges ;  but  with  the 
velocity  of  the  wind  above  the  average,  it  receives  more  than  the  horizontal 
gauge  and  less  than  any  of  the  others.  It  appears  therefore  to  be  irregukr 
in  its  action,  and  to  require  some  modification  before  its  results  can  be  used 
with  confidence  in  rainfall  investigations.  j        Batmto 

Cheetham  Hill,  Manchester,  August  17,  1866.  -     AXDroiUb 

P.8. — So  far  as  I  can  see  at  present,  Mr.  Chrimes's  experiments  do  not 
throw  any  fresh  light  on  the  question  as  to  the  cause  of  the  differences  in  the 
amounts  of  rain  received  by  gauges  at  different  elevations. 

Influence  of  River  Mists  on  the  Amount  of  Rain  collected. — An  observer  of 
great  practical  experience  once  marked  on  his  return  "  affected  by  a  large 
pool  adjacent  to  the  gauge."  Mr.  Symons  at  once  began  speculating  how 
much  this  could  amount  to ;  and  it  has  also  often  been  questioned  by  those 
who,  from  an  elevation,  have  seen  the  mist  hanging  over  the  windings  of 
a  river,  so  marked  and  well  defined  that  its  course,  can  be  traced  for  miles, 
i  it  to  these  mists,  or  to  the  percolation  of  the  water  through  the  river 
inks,  that  their  luxuriant  vegetation  is  to  be  ascribed  ?     If  to  the  mists, 
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lould  we  not  find  the  rainfall  in  the  places  they  cover  above  that  of  neigh- 
During  stations  ?  By  the  cooperation  of  the  Thames  Conservancy  Commis- 
onera  and  the  observer  at  Weybridge  Heath  (W.  F.  Harrison,  Esq.),  three 
auges  have  been  erected  with  a  view  of  testing  the  point*.  There  was 
bvionsly  some  little  difficulty  in  deciding  on  the  best  mode  of  fixing  the 
;auge  in  the  middle  of  the  river,  yet  where  it  should  be  safe  from  injury  by 
he  barges  or  mischievous  people.  Eventually  it  was  fixed  on  the  top  of  one 
rf  the  guard  piles  protecting  Shepperton  Weir ;  Mr.  Symons  felt  at  the  time 
that,  elevated  6  ft.  above  the  water,  150  ft.  from  either  bank,  the  gauge  would, 
from  its  exposed  position,  catch  too  little,  less  even  than  the  ordinary  fall  at 
that  height,  because  of  the  great  exposure,  still  he  did  not  then  see  any  better 
arrangement.  On  receipt  of  the  following  report  from  Mr.  Harrison  we  are 
inclined  next  year  to  try  if  we  can  have  the  gauge  moored  floating  on  the 
stream,  with  its  mouth  only  a  foot  or  so  above  it. 

Rainfall  Observations  at  three  Stations  at  and  near  Weybridge,  Surrey. 


1 

1st  Station 

(read  daily). 

Bartropps,  Weybridge 

Observer, 
W.  F.  Harrison,  Esq. 

2nd  Station 
(read  monthly). 
Rev.  Dr.  Spyers's,  Wey- 
bridge Village. 
Observer, 
W.  P.  Harrison,  Esq. 

3rd  Station 

(read  monthly). 

Shepperton  Weir. 

Observer, 

Mr.  Thomas  Yoking. 

;  Month 

Height  of  rim  of  gauge. 

Above                  feet. 
Mean  sea-level...  150*26 
Ground    0*50 

Height  of  rim  of  gauge. 

Above                  feet. 
Mean  sea-level  ...  53*08 
Ground o*66 

Height  of  rim  of  gauge. 

Above                  feet 
Mean  sea-level  ...  41-79 
Ground 6-oo 

'  January . . . 

inches. 
37475 
44058 
1*6275 
2-0950 
1-5025 
3-1400 
1:0400 

inches. 
3-2650 

.  4"  5° 
1-5900 
2*0675 

i*5975 
2-9275 
1-1525 

inches. 
2350 

**945 
1-265 
x-880 
x-205 

3045 
1135 

{ February 

1  March    ... 

X :::::: 

[ha**  

J»Jy  

I 

\ 

Totals 

*7'55«3 

16-7150 

13825 

" — 

Rexa&ks. 

The  fall  at  station  2  differs  but  slightly  from  that  at  station  1,  but  is  in 
<kiect  five  times  for  twice  that  it  is  in  excess. 

The  fall  at  station  3  is  very  remarkably  in  defect  of  that  at  station  1,  and 
materially  so  of  that  at  station  2,  being  only  once  in  excess  of  either  of  the 
other  stations  respectively.  I  think  the  extraordinary  discrepancy  between 
the  fall  at  station  3  and  that  at  the  other  stations  during  January  and 
February  is  to  be  accounted  for  by  the  high  winds  which  accompanied  the 
^  in  those  months,  causing  much  drift  and  splashing  at  such  an  exposed 
Ration  as  No.  3.  The  observer  at  that  station  is  very  careful,  and  has,  I 
™t,  recorded  the  fall  accurately.  w  v  jrmrm^ 

B^tropp.,  Weybridge  Heath.  W.  F.  HabbisoiT. 

Ha  v**1*011  ^°* 1  *s  on  ^e  north*111  dope  of  a  rising  ground,  about  a  quarter  of  a  mile 
*&&  of  the  Weybridge  Station  of  the  London  and  Soutb-Western  Bailway ;  No.  2  is 
a*  to  Weybridge  Church,  about  one  mile  N.N.W.  of  Station  No.  1,  and  nearly  level 
y»  we  river ;  No.  8,  at  Shepperton  Weir,  is  half  a  mile  N.N.W.  of  No.  2,  and  one  mile 
■*  »  *lf  N.N.W.  of  No.  1. 


JLEPORT— 1866. 

With  the  double  object  of  checking  these  experiments  in  | 
turns  of  the  Thames  valley,  and  also  of  ascertaining  how 
errors  incidental  to  a  rain-gauge  on  board  ship,  a  gauge  waV  <K£  ~ 
tesy  of  the  Elder  Brethren  of  the  Trinity  House,  placed  on  | 
light-ship,  and  its  indications  have  been  checked  against     ^^      _^___ 
the  land  stations  at  Sheerness,  Shoeburyness,  and  Rochfor^R  <£T  «£  ^  £>  <: 

again  seems  to  be  a  less  amount  in  mid-stream,  but  neither  ^^  

ments  have  gone  on  long  enough  for  generalization.  H  °°  *^  ^  ?> « 

Fir$t  Approximation  to  Fluctuation  of  Rainfall,  1726  i^pj»  —k»  ~  0  c 
In  Mr.  Symons's  last  annual  Report  he  gave  "  a  few  pa^  — ^*  ^^ 

the  rainfall  of  the  last  fifty  years/'  and  exhibited  the  sma]^|£  £j^T« 
diagrams  accompanying  this  Report* ;  that  investigation  he  < 
was  temporary  only,  and  if  he  had  consulted  only  his  owaH^  «^<*> ^ c 
would  have  remained  for  a  few  years  longer  the  solitary  ex 
question ;  his  reason  being  that  the  importance  of  the  questio 
variation  of  rainfall  is  such  that  temporary  and  partial  inv 
unworthy  of  it.     On  the  other  hand,  no  sooner  were  the  pr 
liflhed,  than  he  was  urged  to  give  some  approximations  to  the  1 
vious  years,  to  see  if  older  records  gave  any  indication  of  drou 
those  of  the  ten  years  ending  with  1865 — to  see,  in  short, 
discovered  in  this  hitherto  untrodden  branch  of  inquiry.    He  i 
if  he  persisted  in  maintaining  that  this  second  series,  like  the 
a  partial  discussion  of  the  question,  curiosity  would  be  partly 
there  would  be  less  occasion  to  hurry  on  the  final  work,  he  dk;  ££  o© 
submits  the  results  of  the  following  process.  ^B^—— 

(1)  Eight  of  the  longest  and  most  complete  registers  were  se^BSS  ^3.5 
being  for  periods  of  over  fifty  years,  viz.  — 

Southwick,  near  Oundle,  Northamptonshire  (George 

Lynne,  Esq.)   1726  to 

Lyndon,  near  Oakham,  Rutland  (T.  Barker,  Esq.)  . .      1737  to  ' 

Chatsworth,  Derbyshire 1761  to 

Manchester,  Lancashire  (Br.  Dalton)    1794  to 

Derby,  Derby  (Mr.  Swanwick) 1809  to  l| 

Radcliffe  Observatory,  Oxford  (the  Radcliffe  observers)     1815  to 

Cobham  Lodge,  Surrey  (Miss  Molesworth) 1825  to  ll 

Mean  of  ten  stations  as  given  in  last  Report    1815  to  1? 

(2)  The  mean  of  each  set  of  observations  having  been  taken,  1 
each  year  was  divided  thereby,  and  thus  its  relation  to  the  me 
whole  period  was  converted  into  a  ratio  independent  of  the  amount! 

(3)  These  values  being  therefore  strictly  comparable,  have  been  ^R$  J ; 
in  parallel  columns,  and  in  order  to  connect  all  together,  and  to  I^KtSj?  * 
to  one  uniform  base,  the  means  were  taken  of  each  overlapping  pos^Ef*~^ 
the  corrections  thereby  deduced  having  been  applied,  the  ratios  *9E'°'o  \ 
reduced  to  the  following  bases : — Mean  of  51  years  at  Oxford ;  me 
years  at  the  ten  stations  quoted  in  last  Report;  and  mean  of  41 : 
Cobham  Lodge. 

Of  course  identical  results  could  not  be  expected  from  stations  so-fc*  o  • 
separated,  now  that  we  know  how  rarely  is  a  year  uniformly  wet  j 
throughout  the  kingdom ;  but  Table  III.  showed  results  so  similar,  ' 
felt  no  hesitation  in  constructing  the  large  diagram,  showing  a  "  f 
*  See  Brit.  Aasoc.  Rep.  1865,  p.  202,  for  oopy  of  ■mall  diagram. 
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roximaticm  to  fluctuation  of  rainfall,  1726  to  1865."  Although  unprepared 
or  the  extraordinary  drought  between  1730  and  1762,  he  is  not  at  present 
aclined  to  impugn  the  accuracy  of  the  returns*. 

It  will  be  seen  that  the  drought  of  the  years  1854  to  1864  is  far  exceeded 
n  intensity  by  that  at  the  commencement  of  the  century,  and  still  further 
by  the  extraordinary  one  previously  mentioned  as  occurring  between  1730 
and  1762.  It  does  not  seem  expedient  to  enlarge  at  any  length  on  the 
many  remarkable  features  of  this  diagram,  but  rather  to  leave  the  facts 
ready  for  all,  arid  not  be  too  precipitate  in  drawing  conclusions. 

One  satisfactory  point  may  be  mentioned,,  via.,  that  in  Mr.  Symons's  last 
Report  the  following  remark  was  made : — "  On  carrying  the  investigation 
back  to  1800  the  fall  then  seems  to  have  been  less  than  it  was  about  1815." 

This  will  be  seen  to  be  amply  confirmed  by  the  present  extended  investigation. 

Table  IV. — Ratio  in  groups  of  ten  years  each  from  1726  to  1865,  from 
adopted  mean  of  Table  III.    (Mean  of  fifty-one  years,  1815  to  1865,  at 


twelve  stations = 

=100-0.) 

Period. 

Ratio, 
10  years. 

1726  to  1735   . . 

.      94-6 1 

1736  „  1745  .. 

•     78-7 

1746  „  1756 

.     78-6 ' 

1756  „  1765  .. 

.     88-3 

1766  „  1775  .. 

.   103-6 

1776  „  1785  . . 

.     93-2 

1786  „  1795  .. 

. .     96-6 

1796  „  1805  ;. 

. .     89-7 

1806  „  1815  . . 

..     94-6 

1816  „  1825   . . 

..  103-9 

1826  „  1835  . . 

..  101-3' 

1836  „  1845  . . 

..  100-2 

1846  „  1855  . . 

..   100-6' 

1856  „  1865  . . 

. .     96-3 

20  years. 

86-7 

83-5 

98-4 

93-2 

99-3 
100-8 

98-5 


Period. 

1730-39 
1740-49 
1750^59 
1760-69 
1770-79 
1780-89 
1790-99 
1800-09 
1810-19 
1820-29 
1830-39 
1840-49 
1850-59 


20  years. 
80-3 
88-3 
98-5 
92-4 

100-9 


1020 


Table  IV.  is  an  abstract  of  the  last  column  of  Table  III.,  which  brings  out 
very  clearly  the  dry  periods  in  the  middle  of  the  eighteenth,  and  at  the 
beginning  and  in  the  middle  of  the  nineteenth  centuries. 

One  obvious  use  of  Table  III.  may  be  mentioned,  as  it  may  not  occur  to 
every  one,  namely,  that  as  these  calculations  are  mainly  based  on  stations  in 
the  midland  counties,  the  probable  fall  at  any  place  in  that  district,  in  any 
of  the  last  140  years,  may  be  obtained  by  multiplying  the  adopted  mean 
ratio  from  Table  III.  by  the  mean  fall  at  any  given  place,  as  deduced  from 
modern  observations.  For  instance,  the  first  year  in  the  Table  1726  is  set 
down  109  ;  from  modern  observations  we  know  that  the  mean  fall  in  North- 
amptonshire is  .about  24  inches,  then  109  x  24 «  26*  16;  the  observed  fall 
(26-70)  was  2  per  cent,  greater.  Fifty  years  later  1776  stands  as  107 ;  the 
tail  in  Rutland  may  also  be  taken  at  24,  then  1-07  X  24=25-68 ;  the  observed 
fall  (27-84)  was  9  per  cent,  greater.  Another  fifty  years,  and  1826  stands 
m  77 ;  Manchester  has  a  mean  fall  of  36  inches,  then  -77  X  36  «=  27* 72 ;  the 
^served  fall  (24-91)  was  8  per  eent.  less. 

*  Sine*  thaw  calculations  have  been  finished,  Mr.  Symons  has  received  from  Dry 
Barbara  of  Truro  a  complete  copy  of  the  register  kept  at  Plymouth  from  1727  to  1752  by 
Br.  Htnham ;  the  yearly  totals  and  ratios  are  entered  on  Tables  I.  and  II.  so  as  to  be  avail- 
able for  comparison,  bat  in  different  type,  because  they  are  not  used  in  forming  Table  III 
^Wir  fluctuations  agree  very  fairly  with  the  adopted  mean  values  in  Table  III. 
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Lastly,  to  take  a  short  group  of  years,  the  fall  at  Ware,  in  Hertfbrd&fcire, 
may  be  taken  at  25  inches,  we  then  get  the  following  results : — 

v™  Katio  from    Computed    Fall  observed  at  tv.- 

leap'  Table  IIL         firtL  Youngsbury.      i««Mt. 

in.  in.  in. 

1787      96  28O0  23*66  -4-34 

1788      65  16-25  17-68  +1*43 

1789     116  29-00  29-49  +0-49 

1790     86  21-50  22-97  +147 

1791      105  26-25        "      24-20  -2Q5 

Mean 24*20  23-60  -0-60 

This  accordance  is  specially  satisfactory  for  two  reasons,  it  proves  at  once 
the  safety  of  the  plan  suggested,  and  the  reliability  of  these  old  observations 
Rainfall  1864  and  1865. 
Tables  Y.,  VI.,  and  VII.  continue  the  series  of  detailed  rainfall  tables  com- 
menced in  1860,  and  are  arranged  exactly  as  in  previous  years.     The  exces- 
sive drought  of  1860,  and  its  locality  of  greatest  intensity,  are  shown  ray 
markedly  by  Tables  V.  and  VI.     Lengthened  comment  on  the  return*  is  un- 
desirable, but  it  may  be  well  to  mention  that  the  drought  of  1864  prevailed 
only  in  England  and  Ireland,  and  that  its  greatest  intensity  was  in  the  eastern 
counties,  where  many  stations  had  less  than  15  inches  in  the  whole  year.   In 
July  1864  there  was  considerable  drought,  many  English  stations  having  less 
than  a  quarter  of  an  inch ;  in  October,  on  the  contrary,  there  was  an  exces- 
sive rain  in  the  south-east  of  Scotland  amounting  in  Roxburgh  to  more  than 
the  fall  in  the  previous  nine  months.     September  1865  was  die  driest  month 
that  has  occurred  for  some  years :  at  129  stations  the  fall  was  under  a  tenth 
of  an  inch,  and  at  48  no  rain  fell  at  all.     October,  however,  was  wet  through- 
out the  country ;  the  ordinary  fall  in  that  month  is  11  or  12  per  cent  of  the 
yearly  total,  in  1865  it  was  about  30  per  cent. 

Table  V. — Average  fall  of  Rain  in  1864  and  1865,  and  difference  between 
the  two  years :  deduced  from  Table  VI. 


Division. 


1864.        1865.     1864-1965. 


England' 

—       I. 

ft 

n. 

m. 

IT. 

if 

v. 

VI. 

vn. 

»t 

vm. 

i> 

DL 

X. 

Wales,**      XI. 

Scotland 

—  XII. 

xni. 

XIV. 

XV. 

it 

XVI. 

XVII. 

xvni. 

XIX. 

Ireland :- 

-     XX. 

XXI. 

xxn. 

it 

xxm. 

Middlesex 

South-eastern  Counties 
South  Midland  Counties 
Eastern  Counties  .  . 
South-western  Counties 
West  Midland  Counties 
North  Midland  Counties 
North-western  Counties 

Yorkshire 

Northern  Counties  .    . 
Monmouth,  Wales,  and  the  islands 
Southern  Counties   .    . 
South-eastern  Counties 
South-western  Counties 
West  Midland  Counties 
East  Midland  Counties 
North-eastern  Counties 
North-western  Counties 
Northern  Counties  . 
Munster    .... 
Leinster     .... 
Connaught     .    .    . 
Ulster    ..... 


in. 
17*280 


21754 
17*61 

or 


690 

859 
761 


Mean 


21 

10746 
36569 
25624 
449*5 
33*74 
459^3 
31-816 
41-127 
54163 
39400 
31889 
44446 
32782 
36-840 
29*967 
40373 
31-970 

32-295 


in. 
28-612 

35"3 
28-389 
26*950 
41-088 
29874 
25-861 

33*476 
27940 

4J957 
38"579 
42988 
30024 
35*93* 
49894 
35586 
29781 

36394 

27-194 

44753 
3*334 
42190 

37079 

34869     -    1-574 
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Table  VI. — Rainfall  in  1861  and  18G5,  at  selected  stations. 
ENGLAND  AND  WALES. 


Div.  I. — Middlesex. 

1864. 


Hammersmith 
Camden  Town 
Hackney  ,  . 
H&mpatead  . 
Harrow  .  . 
Lower  Edmonton 


in. 

16*69 

17*02 

1656 

19*02 

1895 

15*44 


1865. 

in. 

2589 

2944 

2924 

3i-39 
29*00 
2671 


Diy.  II. — South-eastern  Counties. 


Dimsfold,  Oodalming  .    .  178  5 

I  Deepdene,  Dorking      .     .  21*83 

'  Brockham,  Betch worth     .  20*53 

I  Cofaham  Lodge  ....  1778 

I  Wey  bridge  Heath   .     .     .  1639 

'  Bagahot 1844 

Kew  Observatory     .     .     .  16*95 

South  Fields,  Wandsworth  1775 

Dorer 23*04 

Horton  Park,  Hythe    .     .  2373 

,  Linton  Park,  Staplehunt .  21-25 

Tunbridge 2141 

Barer  Hill,  Sevenoaks  .    .  1842 

Aw*,  Margate     ....  1584 

,  WeiW,  Bexley  Heath     .  1808 

Aldwiclc,  Bognor     .     .     .  19-11 

Brighton 2285 

WeetTborney    ....  2288 

Chichester  Museum     .    .  2325 

Bleak  House,  Hastings     .  20*79 

Dale  Park,  Arundel     .    .  20*71 

Battle 2830 

ChilgroTe,  Chichester  .    .  24*67 

Horstpierpoint  ....  23-39 

Petworth Rectory    .    .     .  2302 

Uekfield *3*48 

Ventnor,  Isle  of  Wight    .  2187 

Byde,  „      .    .    .  2387 

Osborne,  „      .    .     .  2267 

Fareham *475 

Southampton  Ordnance 

Surrey  Office  ....  2C2* 
Selborne,  The  Wakes  . 
list,  Petersneld .    .    . 

Akkershot 

Sandhurst,  Boy.  Mil.  Coll. 
Long  Wittenham    .    .    . 

Div.  IIX — South  Midland 

Watford  House  .    .    . 
Berkhampstead  .    .    . 

Royaton 

Hitchin 

Radcltffe  Obs.,  Oxford 

Banbury 

Althorpe 

Wellingborough  . 

Bedford 

Wisbeach  Observatory 
Mid  Level  Sluice    .    . 

"186a; 


2371 
25*22 
1861 
15*38 
1S31 

COUNTIES. 


30*32 

34'3<> 
3189 
2917 
26*99 

3J*37 
2645 
2923 
3803 

39*99 
3518 

3475 
2969 
29*80 
30*13 
2997 

3513 
3151 

35-58 
3088 
42*26 
39*60 

3845 
3636 
3883 
38*97 

3*73 
3920 
34*96 
3911 


42*71 
3818 
4281 
29*62 

24-37 
3035 


18*40 
1982 
16*67 
17*16 
18*26 

20*22 
17*21 

1688 

1573 
1541 
16*31 


29-59 
3170 
29*33 
30*26 
2853 
2829 
2550 
30*66 
2478 
26*52 
27*12 


Div.  IV. — Eastern  Counties. 
1864. 


Epping 

Dorwards  Hall,  Witham  . 

Dunmow 

Booking,  Brain  tree  .  . 
Ashdon,  Linton  .... 
Grundisburgh  .... 
Culford,  Bury  St  Edmunds 

Diss 

Norwich 

Egmere,  Fakenham  .  . 
Holkham 


in. 

14*80 
i5*4o 
14*98 
1 694 
1598 
16*25 
1 644 

*5*35 
1779 
14*16 
14*50 


1865. 
in. 

2694 
2499 
27*00 
27*04 
2540 
2885 
2831 
2844 
26*51 
26*29 
2668 


Div.  V.— Soutu- Western  Counties. 


Baverstock 

Marlborough 

Castle  House,  Calne  .  . 
Encombe,  Wareham    .     . 

Little  Bridy 

Bridport 

Saltram  Gardens  .  .  . 
Torhill,  Ivybridge  .  .  . 
Goodamoor,  Plympton  . 
Highwick,  Newton  Bushel 
Westbrook,  Teignmouth  . 

Dawlish 

Broadhembury  .... 
Cove,  Tiverton  .... 
Castle  Hill,  South  Molton 
Great  Torrington    .    .    . 

Barnstaple 

Hektone 

Penzance 

Tehidy  Park,  Redruth 
Royal  Institution,  Truro  . 

Bodmin 

Treharrock  House,  Wade- 
bridge    

Rosecarrock,  Port  Isaac   . 

Taunton 

Long  Sutton,  Langport  . 
Sherborne  Reservoir  .  . 
Batheaston 


21*40 
21*29 
20*17 
21*16 
2714 
22*07 
28*22 
3214 
3829 
25*40 
2206 
20*67 
2537 
2848 

33*55 
3088 
2643 
2856 
29*83 
2927 
3214 
3713 

3024 
30*21 

2I*O0 
22*51 

2849 
17.96 


31x0 
32*80 
2992 
37*4° 
4512 
40*31 
45*49 
49*5* 
5800 
4668 
42*03 
3884 

37-15 
4450 
4649 
40*36 
3936 
44*74 
47*58 
3897 
48*26 
4898 

41*53 
3822 
3362 

31*57 
4196 
29*96 


Piv.  VI.— West  Midland  Counties. 


Park  Row,  Bristol  .     .    . 

Clifton 

Cirencester     .     .     .     .     . 
The  Spa,  Gloucester     . 
Haughton  Hall,  Shiffnal 
Whitchurch  .... 
Hengoed,  Oswestry 
Northwick  Park .     .     .     , 
West  Malvern    ... 
Worcester  (Lark  Hill) 

Orleton 

Rugby 

Edgbaston,  Birmingham 
Birmingham  .... 


2193 

22*75 

2468 
1711 
1723 

22*03 

2729 

23*08 
22*36 

20-39 
2179 
1639 
241 1 

»3*5i 


3382 
3650 
3582 
21-81 
2325 
2524 
38434 
3°*35 
27*82 
2804 
2988 

2594 
31*56 

2987 
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Tas£e  VI.  (continued). 


Div.  VII.— North  Midland  Counties. 


Wigfiton 

Thornton 

Belvoir  Castle    .... 
Greatford  Hall,  Stamford 

Boston . 

Lihooln » 

Market  Risen     .... 
Gainsborough     .... 

Brigg . 

Grimsby    ...... 

New  Holland      .... 

Welbeck    .    .     .    .  *.    . 

East  Retford 

Derby 

Chesterfield 

Comb's  Moss 

Chapel-en-le-Frith  .    .     . 

Div.  VIII.— North- Western  Coukties. 
Macclesfield  .     .    .'    .     . 
Quarry  Bank      .... 
Manchester    ..... 

Waterhouses 

Bolton-le-Moors      .    .    . 
Rufford,  Ormskirk .    .    . 
Standish    ...... 

Howiok,  Preston     .     .     . 
South  Shore,  Blackpool    . 

Stonyhurst 

Caton 

Holker,  Cartmel      .     .    . 
Wray  Castle,  Windermere 


1864. 

in. 

17*60 

*9'54 
1634 
15-11 

1513 
1*3*99 
1467 
i8'io 
19*60 

'5*37 
1713 
22  60 
24-10 
2174 

*"*34 
42- 18 

34*94 


1865. 

in. 

26-80 

25-82 

15*22 

it-75 

*579 
20*82 
23-32 
14*49 
25*17 
21*84 
22*76 
2451 

*374 
2446 
2709 
4203 
34<>3 


30-20 
2633 
3064 
2999 

4*74 
2914 

3479 
34*41 
2880 
41-80 

419 


•06 


2719 
2693 
2839 
*753 
37*5" 
278; 

33*48 
3J/55 
1655 
4059 

3436 
38-35 
54*9* 


Dir.  IX. — Yorkshire. 


Broomhall  Park,  Sheffield 
Redmires,  „ 

Tickhill 

West  Melton  .  .  .  . 
Penistone  ...*.. 

Saddleworth 

Longwood,  Huddersfield  . 

Wakefield 

Well  Head,  Halifax  .  . 
Ovendon  Moor  „  .  .  . 
Manor-road,  Leeds.  .  . 
Eccup,  „      ... 

Boston  Spa 

York 

Harrogate 

Settle 

Arncliffe 

Beverley  Road,  Hull  .  . 
Holme-on-Spalding-Moor 

Malton 

Bcadlam  Grange  .  .  . 
Ganton,  Scarborough  .    . 


2436 
31*88 
19*36 
19-08 
24*80 
3475 
*4*39 
2259 
2364 
3870 
17*04 
18*95 
2375 
21*13 
26-48 
32*60 

4578 
18-17 
21*14 
2285 
29*09 
23-10 


Div.  X. — NoRTIIERXf  COUKTIES. 

Darlington  .... 
Stubb  House,  Winston 
Sunderland  .... 
Allenheads     .... 

Bywell 

Wylam 


22*11 
24*26 
2376 
4324 
2877 
*7'57 


28*69 
32*47 
25*26 
20*04 
26*73 

33*°5 
26*08 
2171 
17-96 
3500 
1578 
11*66 
2654 
23*19 
2770 

35*38 

4716 
13*80 
25*16 
23*32 
28*55 
1*35 


27-05 

2673 
16*06 

4443 
29*82 
29*67 


Div.  X — NoRTH&RX  CotTSTLES  (cotUxxSfdl  , 

1664.  i  1*365. 


in 

North  Shields     ....  2677 

Deadwater 41*80 

Park  End,  Hexham     .    .  19*01 

Roddam 35*** 

Lilburn  Tower   ....  31*97 

Stonethwaite .    .  •  .     .     .  10076 

Seathwaite 134*67 

Whinfell  Hall,  Cockermouth   5049 

Keswick 52.-68 

Cockermouth      ....  41*33 

Mire  House,  Bassenthwaite  46-41 

Silloth 33*57 

Scalebv 17*17 

Kendal 47*57 

LeskethHow      ....  74*09 

The  How,  Troutbeok   .     .  7574 

Edenholl,  Penrith  .     .     .  18-61 

Appleby    ......  18*85 

Div.  XI.— Mora  own,  Wain,  i 
TnalsLAKBa, 


26-90; 
39-fc 
29  ic 

3*7*, 

117-49 

44"*  s : 

4S!l 

'  37T91 

I  4S4i 

2I74 

i  ***;/ 

>4**?| 

fct. 


Abercarne.    .    .    . 

Blaina 

Abergavenny  .  .  . 
Swansea  .... 
Ystalyfera.  .  .  . 
Carmarthen  .  .  . 
Rhydwen  .  .  .  . 
Pembroke  Dock .  . 
Haverfordwest  .  . 
Lampeter  .... 
Frongoeh  .... 
Pen-y-maes  .  .  . 
Rhayader,  Gefnfaes . 
Hawarden  .  .  . 
Maet-y-dre  .  .  . 
Llandudno  .  .  . 
Talgarth  Hall  .  . 
Brithdin,  Dolgelly  . 
Bangor  .  .  .  . 
Llanfairfechan    .    . 

Isle  of  Man. 
Calf  of  Man  .  .  . 
Douglas  .  .  .  . 
Point  of  Ayr  .    .    . 


Guernsey. 

Guernsey  ... 
Millbrook,  Jersey   , 
Gorey  „    . 


Alderney 10-56   j©'$7 

SCOTliAKD. 


4«*45 
40-11 
17*18 
*4*74 
4494 
3880 

38*98 
36-91 
40*06 
3**58 

3710 
13-18 
37*01 
It -67 
21*19 

*5*J5 

5301 

4113 
3669 

3»*39 


15-07 
37*60 
18-11 


31*66 

*S*95 
1185 


4575 

46*07 

357* 
33*5 
61*9 

50*47 

5&77 

«•**»-. 

43TO 

3°*99| 

41*48 

11*96] 

irii 

al-n 

43*3* 

57*59 

33*94 

33*80 


11*29 

3380 

17-15 


4JJ5, 
39^1 
*9V 


Div.  XII.— Souther**  Coctties. 


Stranraer,  South  Cairn. 
Little  Ross  .... 
Slogarie,  Castle  Douglas 

Cargen  

Drumlanrigg.  .  •  . 
Wanlockhead      .     .     . 


4**45 
1659 

65*95 
40*12 
41-00 
5867 


41*50! 

*S*M 
57*7*1 
4-**9| 
39*551 
5***7 
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Table  VI.  (continued). 


2>W.  XIII. — Souto-Eastern  Counties. 


Selkirk,  BowhiU.    .    . 
27.  Eak  Beser,  Penicuick 

\  Berwick 

Tester 

Ea«t  Linton    .... 

Olencorae 

Itrrereek 

Charlotte  Square,  Edinburgh 


1864. 

in. 

2882 

35*98 
3X75 
34*5 
2992 
35*80 
30*02 
28-09 


1866. 

in. 

2869 

3670 

28*80 

36*10 

2387 

3460 

2778 

2365 


Oir.  XIV. — South-Western  Counties. 


Xewmains,  Castle  Douglas 
Auchinraith 


milend  House,  Shotts .    . 

Oirran 

Auchendrane  House,  Ayr . 
MsMiaffcrid,  Largs  .  .  . 
Xither  Place,  Moarns  .  . 
Pnialey,  Stanely  Reseiroir 
Oreenock 


4488 
*7'35 
37-iS 
4171 
32*10 

4335 
3681 
42*80 

5175 
3980 
55*80 


36-42 
24*28 

3537 

3804 
24*18 
4166 
31*06 
39*801 

'38*38 

3663 

49*43 


Bit.  XV.— West  Midland  Counties. 


BallochCastle  .... 
Xrddarrock,  Loch  Long  . 
Stirling,  Pohnaise  Gardens 

PladcU 

Devaar,  Campbeltown .  . 
Ittiinns  of  Islay  .... 
M-^Arthur's  Head  .  .  . 
Tarbert,  Stonefleld  .  .  . 
Havfton,  Dunoon      .    .    . 

Otter  House 

Kilmory,  Lochgilphead    . 

Fladda 

Inrenrj  Castle  .... 

Oban 

Lismore 

Hyniah,  Tiree.  .... 
Loch  Eil  Corran  .  .  . 
Ardnamurchan   .... 


49'87 
70*60 
3600 
*3#53 
3«'53 
27*17 
60-40 
56-20 
6851 
5614 

5350 
62*30 

47-50 
6243 
52-12 
78*42 
85*55 
4*5-17 


45-20 
6079 
32*60 
2695 
40*61 
3435 
54'4<> 
55-7o 
5642 
47-84 

6820 
40*10 

54'»5 
40*11 
76-70 
67-90 
4078 


Dit.  XVI.— -East  Midland  Counties. 


Dollar 

Loch  Leren  Sluice  .  .  . 
Lsren,  Nookton  .... 
Dunblane,  Kippenross 

Demnston 

Loch  Katrine 

Aachterarder  House  .  . 
Stronrar,  Loch  Earnhead. 

Trinity  Gask 

Scone  Palace 

Stanley 

Dundee 

Arbroath 

Montrose 


3662 
36*10 

*975 
3820 
4190 
71*20 

3351 
71-67 
37-20 
28*70 
28-60 

3397 
34-20 
29*99 


36*20 
34- 10 
*577 
3**35 
3375 
61-70 
32-70 
62-11 

3o-55 
28-79 
27-46 

3°'§2 
27-88 

34-26 


Dir.  XTH. — Noeth-Eastern  Counties. 


Brechin,  The  Burn 
Bogniuir  .    .    .    . 
Banchory  House 
Braemar    .    .     .     . 
Aberdeen  .    .    .    . 


36*30!  3470 
33-3o  30-20 
26*10 '  32*40 


32-50 
*7'95 


2972 
27-68 


Dir.  XVII. — North-Eastern  Counties 


{continued). 


Castle  Newe  .  . 
TUlydesk,  Ellon . 
Elgin  Institution 


1864. 

in. 

3648 

3296 

2952 


1865. 
in. 

3335 
2709 
23*11 


Dir.  XVHX— North-Westekn  Counties. 


Inyerinate  House,  Loch  AJsh 

Cromarty 

Ardross  Castle,  Alness 

Oronsay 

Raasay 

Ban-ahead 

S.  Uist,  Ushenish     .     .     . 

Island  Glass 

Urquhart,  Corrimony  .    . 
Ciwoden 


62*30 
2332 

3534 
9286 
6995 
3*577 
3995 
1751 
4170 
2476 


5*573 

2968 
4698 
57**5 

3966 
1793 
3580 
2496 


Dir.  XIX — Northern  Counties. 


Dunrobin  Castle 
House  of  Tongue 
Cape  Wrath  .  . 
Nosahead  .  . 
Holburnhead .  . 
Pentland,  Skerries 
Balfour  Castle  . 
Sandwick  .  .  . 
Sumburghead 
Bressay  .  .  . 
East  Yell  .    .    . 


2816 
4370 

38-*9 
27*23 
1814 

3«-94 
30*75 
3328 
2390 
4300 
4231 


Cork  .  . 
Valentia  . 
Waterford 
Portlaw 
Killaloe  . 
Ennis    . 


IRELAND. 
Dir.  XX— Muhbteb. 

34*61 
4762 
3446 
40-27 
35-54 
»8*44 


Diy.  XXI. — Leinster, 


Kilkenny 

Portarlington  .... 
Birr  Castle,  Parsonstown  . 
Tullamore  ..... 
Bray,  Fassaroe   .... 

Black  Bock 

Dublin 

Glasnerin 


3518 

4*45 
2704 

31*66 

*573 
29*75 

•t395 


DiV.  XXII.— <?ONNAUGHT. 

Gort,  Cregg  Park    .    .    .  3389 

Queen's  College,  Galway  .  58*07 

Doo  Castle,  Bunninadden  31*89 

Hazlewood,  Sligo    .    .    .  3764 

Div.  XXIII.— Ulster. 

Red  Hills,  Belturbet   .    .  27-07 

Florence  Court  ....  29-43 

Armagh  Observatory  .    .  34*82 

Miltown,  Banbridge    .    .  25*10 

Waringstown      .     .     .     .  25-44 

Antrim 2974 

Moneydig,  Garragh     .    .  31*76 

Londonderry      ....  35*03 

Leckpatriek,  Strabane  .    .  34-99 

Letterkenny 4*5*3* 


21  *o6 
28*90 
32*80 
1509 
2491 
26*05 

*5'45 
34** 
20*47 
32*10 
3809 


43'ox 
5909 
41-02 

47*5 
46*04 
32-1  x 

30-43 

4384 
31-90 
26*92 
42-21 
29*80 
2923 
*4'34 

3843 
4890 
3962 
41-81 

3,6-92 
4315 
3793 
29*21 
28-62 
2941 
3786 
3924 
37*99 
50-4*5 
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Table  VII.— TABLES  OF  MONTHLY  HAS. 
ENGLAND  AND  WALES. 


Division  I. — Middlesex. 

Middlesex. 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Hammer- 
smith. 

Camden 
Town. 

1 
Hackney.     1  Hampstead. 

1 

Harrow. 

Lover 

1  ft.  0  in. 
12  ft. 

0  ft.  4  in. 
100  ft. 

0  ft.  6  in.     !     1  ft.  0  in. 
40  ft.        j       360ft. 

1  ft.  2  in. 
3^1  ft. 

OfLViL 

1864. 

1865. 

1664. 

18C5. 

1864.  |  1865. !  18G4.  j  1865. 

1864. 

1865.    13tt  !!•& 

January 

February    ... 

March    

April  

in. 

I'OO 

2*42 

76 

151 

2*09 

•21 

1*22 
275 
119 
2*27 
•43 

in. 
2-98 
218 
117 
•22 
344 

7! 

446 

*53 
5-60 

*'39 
76 

in. 
1*07 

•76 

2'6l 

•92 

1*54 

168 

•61 

130 

**53 

114 

218 

•68 

in. 
363 
2*27 
1*09 
•37 
3*4° 
171 
191 
4*97 

6'20 

1-97 
1-36 

in.      |   in.      |  in. 
1*06      3*27       1*25 
*8o  '     2*04  1       '94 
254      108 1     2-85 
118 1       46  j       -86 
1*62 '     3-67 1     174 
1*44.     i'9*l     »*5 

•CO          I'll   i           *rn 

1* 

3*50 

2*63 

1*09 

•33 

3"*  3 
171 
2*30 

y.ll 

676 
2*32 
123 

in. 

124 

•92 

2*15 

1  30 

i*94 
2*09 

V1i 
2*98 

182 

210 

7* 

in. 
a-41 
272 
i*<U 

53 
3*00 
196 
a-44 

•36 
6*22 

**55 
1-05 

in.      ic. 
-Si    il* 
•16     xii 

143    *r* 

ifj     ir 

4«i    *55 

87 !    4r 

2-24 '       Vl 
104     6i4| 

7*    n'l 

May    

June  

July   

August  

September... 

October 

November  ... 
December  ... 

3 
1*22 

2*30 

,.04 

2'26 
•60 

47* 

•30 
6*27 
2*25 
1*06 

Il8 
319 

1*3* 
2*09 

•76 

Totals 

16*69 

25*89 

1702 

2944 

1656 

2924 

19*02 

31-39 

1*95 

29*00 

ir-n,  *£*1| 

Division  II. — South-Eastern  Counties  (continued). 

Surrey  (continued). 

Ebnt. 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Wandsworth 
S.  Fields. 

Dover. 

Horton  Park, 
Hythe. 

Linton  Park, 
Staplehurst 

Tunbridge. 

Bine  Hill 

1ft.  0  in. 

2  ft  2  in. 
16  ft. 

1  ft.  6  in. 
350  ft 

Oft.  6  in. 
300  ft. 

1  ft.  0  in. 
125  ft. 

9ft-0ic 

520  ft 

1 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

18&t'^ 

January  

February    ... 

March    

April 

in. 

•°7 
•85 

270 

I'OO 

2*00 

i'35 

$ 

i'57 
2*65 

•38 

in. 
3*30 
188 

*95 
•27 
3*00 
225 
2 '60 I 
4*38 
*57 
613 
*"55 
»*35 

in. 

•68 
197 
2*66 

•61 
218 
191 

'3* 
1*69 

2*44 
1*62 
596 

I'OO 

2304 

in. 
549 

2'6l 
2*27 

•*4 
»'53 
1*46 

435 
376 

15 
923 
458 
136 

in. 
I'll 

2*J7 

2-57 

•46 

215 

2*48 

7i 

2*96 

1*22 

5*29 

•92 

in. 

415 

305 

363 

•36 

3'4* 
1*03 

3*55 
3  97 
"54 
979 
4-88 
1*62 

in. 

77 
1*36 
3*06 

59 
*'35 

in. 
448 
249 
214 
•38 
2*89 

in. 

74 
1*16 

3*4» 

•88 

176 

1*22 

•51 
Il8 
3*21 
1*63 
465 
IO5 

in. 
3-80 
213 

'3*5 
364 

4*48 

4*84 
•01 

7*86 
278 
174 

in.     * 

n  >* 

p}<  % 

ns'  "> 
•56    «lj 

r*   f 

'•5'    £ 
■85    ' 

375    ' 

1-01       »' 

May    

June  

July    

I    24  j         AM/ 

63             348 
1*63             5*26 

2*5 1         *o8 
1*47 1     814 
4*50      2*74 
1*14 1     193 

August   

SUmteniber ... 

.... 

1775 

29*23 

3803 

*373 

39*99 

2125 

35-18 

21*41 

3475 

iJ-^i"^ 
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Division  II. — South-eastern  Counties. 


SURBEY. 

• 

unsfold, 
dalming. 

Deepdene, 
Dorking. 

Brockham, 
Betchworth. 

Cobham. 

death. ' 

Bagshot. 

Kew 
Observatory. 

ft  6  in. 

2  ft  9  in. 

0  ft.  6  in. 

0  ft.  7  in. 

0  ft.  6  in. 

3  ft.  0  in. 

1  ft.  3  in. 

130  ft. 

100  ft. 

150  ft. 

200  ft. 

19  ft. 

U.  1  1F65. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in.' 

in. 

in. 

in. 

in. 

25,    292 

113 

385 

•68 

3'4* 

•83 

273 

•71 

2*04 

•«5 

2'33 

•96 

310 

05      170 

V 

2*80 

•98 

2-07 

•85 

2*00 

•88 

2*02 

'97 

2*92 

73 

vl\ 

•9c '      -8o 

36* 

128 

339 

x'55 

3*'4 

•84 

2*67 

73 

3'©5 

1-06 

2*63 

nsr    -40 

I'OO 

•25 

79 

•33 

*95 

•39 

1*04 

•43 

1-77 

'54 

•86 

•45 

rfc      190 

r68 

**45 

113 

2-87 

i'34 

4*62 

i'59 

2*67 

i'47 

242 

i'59 

3-27 

iiS     1-40 

i'55 

i'45 

1*04 

2-28 

119 

176 

roo 

*'54 

"9! 

2-84 

2 '06 

1-58 

"w   ns 

47 

3«>5 

'95 

268 

'45 

215 

•*9 

2-17 

•46 

2*23 

•67 

182 

•7C     4-25 

-88 

512 

•96 

445 

1-25 

453 

1*06 

4-28 

1  *co 

4*43 

125 

434 

rsj  •    *io 

382 

15 

359 

•15 

283 

;l* 

2-83 

•37 

279 

53 

2*50 

'47 

Hi     77° 

178 

858 

189 

679 

«*73 

647 

1*32 

6*37 

1  84 

683 
3-26 

128 

615 

175     3-6o 

3-80 

4-67 

3& 

3*67 

2*50 

2*42 

2*63 

212 

286 

193 

x-86 

"45     2*20 

117 

65 

1*64 

•72 

1*07 

•37 

125 

•47 

1*98 

'49 

*5 

7'*5    30*3* 

11*83 

34-30 

20-53 

31-89 

1778 

29*17 

16-39 

2699 

1844 

3**37 

1 695 

2645 

Division  II. — South-Eastern  Counties  (continued). 

Kkst  (continued). 

1                                               West  Sussex. 

Acol, 
Margate. 

Welling, 
Bexley  Heath. 

1 

|     Aldwick, 
Bognor. 

i 

Brighton. 

WcstThorney. 

Chichester 
Museum. 

Bleak  House, 
Hastings. 

lft.Oin. 

6  ft.  0  in. 

1     0  ft.  6  in. 

4  ft.  0  in. 

0  ft.  10  in. 

0  ft.  6  in. 

3  ft.  0  in. 

60  ft. 

150  ft. 

8  ft. 

50  ft. 

10  ft. 

60  ft. 

80  ft. 

W&  :  I860. 

1864. 

1865. 

.'  1864.  1  1865. 

ii 

1864.  |  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

«*•    \  in. 

in. 

in. 

':  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

%     lV 

•66 

3-10 

1     1-46 

370 

1-30 

4'5° 

2-23 

3'43 

1-37 

4-19 

123 

3'44 

96     1 -6a 

•96 

178 

■]      -9i 

2*26 

1  50 

2*83 

•96 

2-66 

l'I2 

2-20 

1-17 

1-91 

>•**)      163 

268 

1"02 

!    364 

1*26 

3601     1*43 

3-64 

•48 

4*oi 

I'll 

2-28 

1-61 

•7i       -39 

•70 

•54 

,      96 

'44 

•60 '       -54 

174 

•82 

1-49 

"i5 

2-65 

•38 

•24 

1 90      2-6o 

;    *'65 

4*3* 

:  1-37 

239 

1-30       348 

.     ri7 

2-30 

1 -41 

2*00 

3-10 

r!l    V 

1    1*02 

2-2  $ 

72 

i*6o 

•60        -65 

i-S« 

1-83 

1-30 

2-23 

•90 

i'6i 

4*     r&i 

•46 

3*5? 

1      **3 

2-48 

•60      2-44 

'*6 

«73 

•22 

2*48 

•18 

1-46 

ail      448 

I    i'43 

328 

,1     ^°4 

273 

1      2'20  |       3-63 

1-29 

4-84 

1-39 

4'39 

1     I>73 

271 

1    )i]     ,'31 

3-05 

17 

,     2*51 

•01 

,     3*9°!       '35 

311 

•'5 

3'4i 

•03 

•      2*11 

•00 

1    ,c4     6-75 

1*26 

741 

■i     192 

865 

170  ■    IO'IO 

1     183 

8-x8 

1-86 

io-x6 

;  1-81 

io-88 

r5»     V61 

2-62 

188 

331 

2'45 

4-40 ,   2-48 

I    406 1     3-14 

437 

3-02 

6-34 

2-42 

74     182 

.   "» 

79 

'     1*04 

2'00 

1-15 1   270 

j      *9'|     1*95 

1-30 

2'22 

1      -66 

1-50 

'5H,  29-80 

!  ?8-o8 

3013 

i, 

1    1911 

2997 

22-85'  35-13 

22-88  1  31-51 

23-25 

35-68 

2079 

3088 

"    ■  — 
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REPORT — 1866. 

ENGLAND  AND  WALES. 


Division  II. — South-Eastern  Counties  (continual). 


Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

January 

February    .. 

March    

April  

May    

June   

July    

August   

September  .. 

October 

November  .. 
December  .. 

Totals 


West  Sussex  (continued). 


(East 


Dale  Park, 

ArundeL 


4  ft.  0  in. 
316  ft. 


1864.    1865. 


in. 

2'II 

"4i 
3*43 

1*02 

I'3I 

•82 

•05 

i-33 

370 
1-63 
3*61 
1*29 


2071 


4-29 
3-36 

1'45 

•28 

272 

174 

373 
5-28 
•12 
12*23 
386 
3*20 


42*26 


Battle. 


1  ft.  3  in. 


1864.    1865. 


in. 
1-30 
2-50 
268 
1*04 

*'43 
r48 
•88 
224 
4*00 
215 
6*28 

1'32 


28 


30 


5-io 

3"2I 

214 
•26 

3-87 
1-44 
294 
3]33 

1 1 '88 
3*16 

2'1 8 


Chilgrove, 
Chichester. 


0  ft.  6  in. 
284  ft. 


1864.    1865. 


in. 
2*06 
148 
3*39 
148 
r6o 

r33 
•38 
1*04 
4-26 
i-88 

435 
142 


39*60    24*67 


in. 

435 
2 '60 
126 

*43 
2*89 
2*27 
244 

549 
•30 

995 
3-50 
2-97 


Huretpier-         Pefcworth 
point  Beotory. 


0  ft.  8  in, 
120  ft. 


1864.    1865. 


in. 
151 
•92 

334 
•81 

'*34 

ro3 

•42 

r8o 

3*4 
258 
503 
i*37 


3845  j  2339 


in. 
4*31 
*77 
131 

38 

3°5 

87 

348 

3*97 

•22 

10-59 

348 

193 


3636 


2  ft.  4  in. 


Udidd. 


6H0k 
l#ft 


1864.     1865.  !:  1861    l&x 


in. 

-'55 
140 

284 
150 
r88 
"40 
33 
136 

3'3i 
150 
4*67 
128 


in. 
495 
*"34 
123 
•22 


1  3-36 

1     no 

1     *  4* 

1     502 

1       *l6 

1    -"0-I9  ; 

1      4*45 

3'37! 

*H 

3**H 
1-04' 

r*. 

i*oi  t 

•46 

»73. 
3*06  • 

2*09 

5*56 

•9*! 


*** 
i^i 

*3j 

3"37 
«*35 
4ff 

3*7* 

-02 

11-23 

yc6 

nt 


23*02 


38S3      *3>*    J*T 


Div.  II. — South-Eastern  Counties  (continued). 

Div.. III. — South  Midland  Corcrns. 

Hampshire  (continued). 

Berkshire. 

HERTFORDSHIRE, 

Height  of 

Rain-gauge 

above 

Aldershot. 

Royal  Military 

College, 

Sandhurst 

Long 
Wittenham. 

Watford 
House. 

Berkhemp- 
•tead. 

Rorrtcu. 

Ground 

Soa-level 

3  ft.  0  in. 

325  ft. 

1 

5  ft.  6  in. 
246  ft. 

1  ft.  0  in. 
170  ft. 

1  ft.  6  in. 
190  ft. 

1  ft.  6  in. 
370  ft. 

0  ft.  6  in. 
266  ft. 

1864. 

1865. 

1864.  !  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864.  '  1»' 

1 

January 

February    . . . 

March     

April  

in. 

•92 
1*23 
294 
1*64 
162 

•92 

"34 
•81 

3'25 

r58 

2*52 

•84 

18-61 

in. 

2'fr8 

•701 

in.      I   in. 
r6i       277 
•83!     165 
246 1       -78 

in. 
i#o6 
1*17 

3'*3 

171 

i'6o 

1*76 

'44 

#93 

2*09 

1*22 

2*23 

•87 

in. 
3*48 
2-45 

1'02 

'93 
3*>4 
3"36 
2*19 
2-85 

6*40 
271 
l-63 

in. 
roi 

2*65 

l*IO 

1*89 

.99 

*59 

*74 

l*IO 

2*26 
•66 

in. 

17* 
281 

I'lO 

•33 

2*6l 
2*11 

3*97 

3$ 

6*20 

228 

239 

in. 

1*30 

'  104 

311 

1-46 

a*47 

162 

•29 

•68 

273 

163 

304 

'45 

in. 

385 

*'55 
139 

49 
183 
249 
3*01 
369 

5* 
«55 
293 
241 

in.     '  b- 

V09\    Sl* 
72!   fft? 

375'   n* 
71 '     -30 

2*»S  '     V**> 

May    

184 '!   152 

2*62  il       '90 

181 
2*51 
2*06 
2*92 

•27 
47a 

295 
1*41 

June  

1*26       1*1} 

July    

•38  |    3-54 

•36      37+ 

1  96 '     73 

1*32     656 

2-36:    rU 

•48 '    r»5 

.    j    

August   

September . . . 

October 

November  ... 

3'9"  ! 
'54, 
580 

3*54 
2-04  | 

29  61 J 

1-04 
1-98 

i-43 
2*44 

35 

15-38 

*4"37 

1 83 1 

30*35 

18*40 

29-59 

19*82 

3170 

16-67 1  S9T) 
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Division  II. — South-Eastebn  Counties  (continued). 


Hampshire. 


ntaor.  Brde, 

>f  Wight!  Isle  of  Wight 


t.  0  in. 
50  ft 


Li  I860. 


7  ft,  0  in. 
15ft. 


1864. 


1866. 


Osborne, 
Isle  of  Wight 


3  ft  0  in. 
172  ft 


1864.    1865. 


Fareham. 


Oft  0 in. 
26  ft. 


1864.    1865. 


Southampton, 

Ordnance 
Survey  Office. 


1  ft.  3  in. 

75  ft 


1864.    1865. 


The  Wakes, 
Selborne. 


4  ft  0  in. 

500  ft 


1864.    1865. 


Liss, 
Petersfield. 


0  ft.  6  in. 


1864.    1865. 


9 

iS 
16 

14 

58, 
"*l 

ri; 

449 

n5 


in. 
574 
**4* 
129 

rll 
1-30 
136 
*'44 

« 

rit 

2511 


**35 
*  55 

377 
1*70 

1-41 
158 

•*4 
1*00 

*-85 
1*7* 
4-1* 

1-58 


in. 

49» 
322 

no 
•62 

*74 
**4* 
a*oi 

397 
*i 

11*10 

5*59 

3**4 


in. 
170 
l'43 
330 
«73 
140 
1*30 

'IS 

•96 

410 

127 

39* 
1-41 


in. 

in. 

4'4« 

**4 

251 

ni 

97 

3*5* 

•67 

286 

a- 51 

1*20 

»"3« 

•86 

*'54 

•28 

328 

•53 

*«4 

440 

810 

aio 

379 

3i8 

370 

1 '80 

in. 
409 

3*50 
i*oi 
130 
3*46 
1*36 
5-07 
47* 

6*89 
481 
a*66 


in. 
2*85 

211 

3*3" 
246 

"'55 
141 
•32 
•81 
2-43 
i"4» 
4'*7 
2*3* 


in. 

5°5 
408 

I*IO 

•86 
2*92 
2*56 
4*07 
5*06 
*3 
874 
482 
3-32 


1*97 
r58 

186 
156 
1*13 
•36 
ro7 
3*02 
2*03 

4'20 

1-24 


in. 

3-86 

S-ii 

118 

•89 

a'44 
235 

277 

501 

•20 

795 
4-83 

359 


1 '92 
165 
3-87 
211 
149 
114 
•32 
1-05 
396 
1  93 
4-41 
•'37 


410 

317 

124 

•63 

2'92 
3-50 
2*64 

5'37 

•13 

10*30 

507 

369 


' S7    3*73  i  *3-87    39»* 


2**67 


34*96 


*475 


3911 


25*26 


4271 


2371 


3818 


25*22 


42*81 


Division  III.— South  Midland  Counties  (continued). 

Iektfokd-    ! 
iu«(«mf.). 

t 
Oxford.                 | 

1 

Northampton. 

Bbufoed. 

Cambridge. 

! 
Hitchm.      ,' 

Eadcliffe 
Obsenatory. 

1 
Banbury. 

Althorpe 
House. 

Welling- 
borough. 

Bedford. 

Wisbech 
Observatory. 

2ft7oin. 

0  ft.  8  in. 

7  ft.  0  in. 

3  ft.  0  in. 

Oft  2  in. 

3  ft  0  in.     1      8  ft.  0  in. 

240  ft 

210  ft 

345  ft. 

310  ft. 
186-1.  I  1865. 

104  ft.       |l         18  ft. 

1864, 

1864.; 

t*6t    1803. 

1865. 

1864.  |  1865. 

1865. 

1864.  J 1865.  i 

1864. 

1865. 

w-       in.     ', 

in. 

in. 

in. 

in.     1 

in. 

in. 

in. 

in. 

in.     i  in. 

in. 

in. 

l'%  r9!« 

97 

3*°5 

"94 

2/5* 

95 

252 
1*88 

•9* 

35* 

•95      262 

•66 

2-53 

56 ,    a-38. 

**44 

1*87 

"•44 

V35i 

"'45 

•72 

47* 

%55  J    "51 

1*27 

177 

4*4,     1*22 

2*47 
163 

97 

**95 

102 

2*69 

1-07 

3*57 ;     i-ao 

4*03  |       1*22 

274 

1*17 

94        64; 

•91 

"'37 

78; 

152 

'97 

i'34 '     i"*3 

1*08 1       '64 1(       '62 

'y 

106 ,    r42 

215 

219 

251 

1*50 

165 

"44 

1*51  1     1*88 

1  83  1     r6i 

1*69 

rt. 

no,  176 ' 

1*01 

3'P 
280 

150 

369 

•93 

316 

1 '06 

236 

•94!     "9* 

113 

rS6 

'I7'.  4"77i 

•47 

•88 

3*66  | 

•66 

359 

76 

3*67 

•89 l     286 

•54 

4*37 

63     4*8  1 

79       3°9 

•67 

379: 

73 

3*55 

49 

3*8o 

•391     388 

•85 

4-26 

j:;j  "»' 

2*94 1         18 

2*06 

'291 

»'53 

18 

2*05 

'4* 

161  j       -57 

1*90 

"37 

•J5i    707, 

156 

54" 

2*IO 

456 

*-45 

3*72 

172 

4*54 

1*06 ;     5-02 

•84 

5*42 

103]    116 

2*32 

*-5» 

2*IO 

2*52 : 

193 

2*11 

174 

2*03 

i*6oj     1*51 

1     *'13 

I7S 

■^IJ^i 

•5- 

1*96 

170 

1*62 

•72 

1*31 

I'OI 

131 

75 1       *69 

m       j 

«04 

116 

l7-i6|  30*26  j 

1826 

2853 

20*22 

28*29) 

17*21 

25*50 

1 6*88 

30*66 

j  1573!  *478',!  i5*4» 

26*52 
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Div.  III. — S.  Midland 
Counties  (continued). 


Cambridge  {continued). 


Division  IV. — Eastern  Counties. 


Essex. 


Height  of 
Rain-gauge 

above 
Ground  ..... 
Sea-level 


Mid-level 
Sluice. 


Epping. 


4  ft.  0  in. 
16  ft. 


6  ft.  0  in. 
3G0ft. 


1864.  I  1865. 


1864.    1865. 


Dorward's 

Hall, 
Witham. 


1  ft.  6  in. 
20?  ft. 


1864. 


1865. 


Dunmow. 


Oft.  3  in. 
234  ft. 


1864.    1865. 


Booking, 
Braintree. 


3  ft.  0  in. 

200  ft. 


A-fcdoo. 
LastdB, 


1ft.  Ok. 


1864.     1865.    l«i.h*& 


January.... 
February  . 
March    .... 

April 

May   

June  

July   

August  .... 
September . 
October  .... 
November  . 
December  . 


in. 
•86  | 

'65 
2*57 

*49 
2*57 
1*30 

•62 

x*37 
1*86 
1*01 
1  98 

ro3 


in. 
1-42 
2-08 
1-27 

"57 
2*09 

3-64 
5*02 

•40 

6-19 

17* 

ri8 


in. 

in. 

•63 

3'45 

75 
2-44 

•82 

214 
•8S 
•4» 

J,45 

295 

142 

•62 

i'75 
182 

1-84 

3*47 
/5° 

no 

6'22 

1-97 
41 

175 
1-62 

in. 

•55 
1*06 
261 

•37 
2*n 
118 

•4* 

1*12 

i*8o 
114 
r99 
1-05 


in. 
2*62 
215 
1*13 

*34 
116 
149 
275 
5*3 

556 
1-50 
i'xi 


in. 

*3 
'4» 

2-24 

'20 

2*12 

1*30 

*5* 
1*09 

**35 
1*03 

*~43 
•65 


in. 
278 
180 

•16 

1*20 
1*69 
3-07 
4-04 

•5« 
6-67 
2-IS 
1'5I 


in. 

•80 
i*4 
a'45 

*6i 
224 
i*37 

'57 
»'39 

1<9l 
118 

**44 
•70 


3"*5 
2-08 
1-5* 

•3* 
115 
1*96 
3*4 
4*3 

•18 

225 
*"34 


**= 

*""? 

•Si 

17- 

3^1 

i^4 

45 

;t 

2x7 

1*34 

1-17 

rti 

7', 

4*2 

75 

3~> 

178 

^ 

114. 

5x6 

»-4*. 

1-69 

76' 

H? 

irM 

'T4= 

Totals  . 


16*31 


27*12  I    14*80 


2694 


1540      24*99 


14*98      27*00 


1694 


a7x>4 


Division  V. — South.  Western  Counties  (continued). 


Wiltshire  {continued). 


Height  of 

Rain-gauge 

above 

Ground  

Sea-level 


January.., 
February 
March    ... 
April 


June  

July    

August  .... 
September . 
October  .... 
November  . 
T^—ber  . 


Marlborough. 


4  ft.  0  in. 
500  ft. 


1864. 


in. 
ro6 
1*64 
3*22 
189 
1*64 
1-48 
•62 

•45 
2*24 
1*96 
3*16 
»"93 


1865. 


in. 
3.90 

2'II 
Xl6 
1*22 

2*47 

2*IO 

2*49 

375 

19 

7*32 

375 
2-34 


Castle  House, 
Cable. 


Dorsetshire. 


i,  DKTOSSmil. 


Enoombe, 
Wareham. 


Oft.  11  in. 
250  ft. 


0  ft.  6  in. 
150  ft, 


1864. 


21-29    31-80 


in. 
1*66 
1*09 
2*42 
178 
1*09 
1  67 
•67 
•66 
2*69 
2*14 
179 
*'S' 

20*17 


1805. 


m. 
3-65 
2*77 

'91 

73 

225 

1*51 

2-89 

4'i7 
•12 

5'37 
321 

**34 
2992 


1864. 


ID. 
l-87 
2-1 5 
3*15 

n6 

J  45 
1-46 

•53 

•86 

226 

76 

344 

2*07 

21*16 


1865. 


in. 
3*60 
4*68 
1*25 
1*64 
2*39 

2*12 

i-64 

3*io 
•00 
950 
398 
3*50 

37-40 


Little  Bridy. 


Oft. 4  in. 
348  ft. 


1864. 


3*43 
2*29 
299 
131 

l*oo 

187 
•38 
•89 

3*'5 
177 
404 

4*C2 

2714 


1865. 


in. 

5*57 

4-42 

165 

•81 

3*22 
3x6 
1*62 

4*4*5 

•03 

9-61 

599 
4*68 

4512 


Bridport. 


0  ft.  11  in. 
85  ft. 


Saltrsm 
Ginks*. 


0ft.3k 
96  ft 


1864. 


340 
156 
2-23 
129 
•84 
rx8 

76 
2*91 
1-63 

*'57 
3*21 

22*07 


1865.  {  1864.  19& 


in. 
4*60 
370 
1*29 

•69 
2*42 
«75  'I 
3-5*  I1 
5*<H  1 

*co 

770, 

533; 

423 ' 
4031 


in. 

331, 
2*90 ' 

1-29  j 

1*01 

»-36 

1-29! 

•s9l 
3-09 

2*30 
405, 


3*29 


11  28-22 


IB. 

r:c 
h 

T 
J* 

%h 
6c< 
4* 

45>9 
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Division  IV. — Eastebn  Counties  (continued). 

Div.Y.— 
S.-W.  Coun. 

Suffolk. 

Norfolk. 

Wiltshire. 

mdi3- 
rgh. 

Culford,  Bury 
St.  Edmunds. 

Diss. 

1 

Norwich. 

Egmero, 
Eakenham. 

Holkham. 

Bayerstock. 

1  in. 

1  ft.  2  in. 

1    0  ft.  6  in. 

0  ft.  3  in. 

4  ft.  8  in. 

0  ft.  0  in. 

3  ft.  0  in. 

1       115  ft. 

50  ft. 

150?  ft. 

39  ft. 

300  ft 

1865. 

1864. 

1805. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

in. 

in. 

.  1   . 
in.      ;    in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

**7 

•83 

277 1       *8o 

270 

•65 

2*03 

•4< 

''59 

•53 

2*00 

140 

415 

)      i'5* 

1-36 

2*46 '!    i'jo 

2*22 

1-4K 

2-86 

1-30 

2-47 

1*47 

*'53 

1*40 

2-10 

i      124 

309 

216 

250 

2-66 

*'43 

266 

2*29 

2*98 

2*40 

2-77 

2-95 

105 

5        -*9 

38 

•28 

•40 

*43 

•17 

•35' 

'*3 

•38 

•28 

1  48 

2*40 

•90 

»      rS8 

266 

1 '96 

2*30 

r36 

263 

1*06 

r56 

1-44 

1*40 

1*45 

3*oo 

o      2-05 

104 

1 '20 

1 '60 

ri9 

140 

1*21 

141 

1 -03 

I-20 

1*00 

1-25 

2'20 

*     410 

49 

401 

'54 

5x0 

1*26 

385 

■62 

6'i6 

'5° 

6-07 

•40 

rz° 

IS'    V*9 

*59 

394 

73 

4-30 

•98 

3'44 

•96 

309 

I'OO 

3*3 

riS 

2'8o 

*7 '      *05 

i"37 

•04 

1-68 

•04 

1*50 

•00 

1*2! 

■09 

115 

•10 

2-50 

•10 

c6      T-ii 

116 

7-22 

roo 

7-46 

170 

5'!3 

•90 

4-63 

'95 

465 

2'IO 

6*8o 

5*      T43 

2-84 

159 

2*  IO 

•30 

2-34 

1-89 

2*OI 

1-50 

2'20 

1*70 

**45 

4-20 

-5        9^ 

63 

-68 

60 

78 

1-25 

133 

1*21 

•93 

1*42 

•80 

«95 

2IO 

15    28I5 

1644 

2831 

;  1535 

28-44 

17-79 

26*51 

I4'l6 

26*29 

I45O 

26-68 

21-40 

31-10 

Division  V. — South- Western  Counties 

(continued). 

DBTONsniRZ  (continued). 

"orrhill, 

Goodamoor, 

High  Wick, 
Newton 
BueheL 

Westbrook, 

Daw1'"^ 

Broadhem- 

Core, 

fy  bridge. 

Plympton. 

Teignmouth. 

bury. 

TiTerton. 

ft.  4  in. 

0  ft.  2  in. 

1  ft.  6  in. 

Oft.  3  in. 

0  ft.  8  in. 

2  ft.  4  in. 

Oft.  10  in. 

240  ft. 

580  ft. 

2CO  ft. 

50  ft. 

62  ft. 

COOft. 

450  ft. 

«-    1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

»■        in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

ri«    7-58 

4*4 

7-58 

3'3* 

656 

3*13 

6-60 

2'20 

4-51 

274 

4*13 

»-38 

5*5* 

**»      493 

35« 

558 

1  89 

4'5» 

1*52 

295 

1*46 

465 

2*06 

369 

2*62 

508 

roj    3-29 

293 

391 

318 

2XO 

334 

244 

342 

2*04 

299 

1*90 

2*44 

24a 

i-68        -69 

167 

•98 

IC4 

63 

1-52 

roo 

1-31 

'77 

•96 

•48 

r54 

'9f 

r37.    3  7' 

132 

374 

1  82 

3*58 

128 

311 

1*32 

329 

i-io 

3-85 

1*20 

396 

"».{& 

279 1     1*26 

i'34 

278 

1-18 

*'35 

74 

2*05 

138 

i#35 

1-88 

179 

163  |     446 

'54 

3*40 

•30 

315 

'44 

226 

75 

2*83 

•97 

3-3J 

»'ici     5-90 

i- 10      7*36 

123 

482 

no 

4*39 

•83 

3'57 

108 

4*27 

150 

5x6 

*'55 .      -05 

523         c8 

193 

*co 

2'6o 

-co 

i*86 

•00 

3*93 

•01 

3*99 

•03 

l*C2  1       7*90 

1     2-65     10*36 

166 

7*66 

158 

8-o8 

1-38 

791 

2*09 

6*54 

235 

574 

4'4c      6x2 

6*51  j     680 

398 

608 

316 

383 

3'9 

4*22 

268 

4*66 

465      595 

44»      4-80 

|     47 1 

589 

353 

466 

*'35 

4'3 

2*52 

3'57 

361 

344 
37'5 

296  (    473 

I114    4951 

3819 

58*00 

2540 

4668 

22x6 

42-03 

20*67 

38*84 

•*5*37 

28-48 

44.50 
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Division  V, — South- Wsstbbx  Couxties  (continued). 

Devonshire  (continued). 

CoanwAix. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Castle  Hill, 
South  Molton. 

Great 
Torrington. 

Barnstaple. 

Helston. 

*—  '"S3: 

3  ft.  0  in. 
150  ft. 

3  ft.  10  in. 
450  ft. 

0ft.6in. 
31ft. 

5  ft.  0  in. 
115  ft. 

3  ft.  0  in.     i    Oil  Pic 
94ft       1     lwtL 

1864. 

1866. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

laa  ist 

January 

February  ... 

March    

April  .., 

in. 
r84 
i*95 
3'i4 
*-i3 
r58 
3-8i 
i^ 
2-50 
55* 
»73 
4*51 
2-47 

in. 
5'5o 
4*37 
3'57 

X*OI 

4-09 

2*  IO 
4*63 

*77 

•44 

5-68 

3*i6 

in. 

2'12 
2-23 
2*62 

»'53 
•81 

3*47 
1-17 
152 

4*32 
3*77 
4*17 
3-»5 

in. 
5-58 
3-13 
3"33 
*'43 
373 
i'33 
3'H 
5-02 
•10 
5'39 
4'44 
374 

in. 

'74 
215 
2-56 
2*04. 

in. 

4*95 
3-98 
299 

T'if 

in. 
270 
*'37 
264 

1-46 
2-59 

77 
•50 

3%33 

3-3* 

]     3-90 

4'4i 

in. 

6  *02 

4*3 
»-j9 

1*44 

in. 
3-36 
1-66 
2-63 

in. 
6-90 
5-63 
**4 

B.        izu 

I*5     H 

,    th.     3'4 

1-3B    ro 

1        W*T        T* 

May   

*  WT            -  TJ 

1-35!         318 

3'03   i         2*26 

•80            *W, 

234 1     1-33 
1-93 1     1-76 
4*09 ,      77 
5*4 1     r»5 
•05      4%°3 
775 1     **7 
4*93  i     5'*5 
3*53 1     394 

*  °3  1       -33 

1-44      r6o 

3«29j      105     * 
V35 !     «"»     5- 
•*0|    TO 

5-89;   3*4©    r 

4-80  j    4*0     p 

June  

July   

August   

September... 

October 

November ... 
December  ... 

°7 

2*11 

4"29 

•64 

3"54 
2*09 

4*5* 
•26 

5*57 
4-04 

3*H 

Totals 

33*55 

4**49 

30-88 

40-36 

26-43 

39*36 

28-56 

4474  \  *9**3 

47"5*    *9V  $9 

Div.  V.— 8.W.  Counties 
(continued). 

Division  VI.— We§t  Midland  Coukths. 

Somerset  (continued). 

Gloucbstxb. 

'  Snsorsasi 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Batheaston. 

Bristol, 
Park-row. 

Clifton. 

Cirencester. 

£2& 

!    Hangbtu 
|HaU,Sfaifca 

2  ft.  0  in. 
226  ft. 

6  ft.  0  in. 
140  ft. 

0  ft.  6  in. 
192  ft. 

1  ft.  2  in. 
446  ft, 

3  ft.  6  in.     '1    4  ft.  6:1 
50  ft.         ||      430  fr. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865.!!  WW.  ,1« 

January 

February   ... 

March    

April  

in. 
1*30 
r%2 
2*19 
1*69 
•88 

r* 

•62 

2-58 

*'37 
1*46 
2*50 

in. 
2*67 
1-51 
•86 

77 
1*89 
1*28 
3-84 
5-09 

•05 
537 
3*9* 
2*72 

in. 
1-66 

174 
2-41 
156 
•70 
2*06 

'94 
•88 
3-56 
198 
2*36 
2*08 

in. 

3*21 

2*96 

I-|2 

•70 
211 

i"53 
3-03 
846 
•05 
4-67 
3'*5 
*73 

in. 
156 
188 
2*62 
1-40 
•86 

2*12 

roo 

1*12 

3-36 
l-OO 

*95 
1*98 

in. 
376 
2-88 
ri6 

73 
1-99 
1-58 
423 
851 

•02 

4  4'97 
325 
3-42 

in. 
1-82 

i*93 
3*o8 
1*40 
1-50 

i'35 
•88 
124 
3*68 
2*25 
330 
2-25 

in. 

4-21 

2-50 

1-40 

1-25 

1*92 

2-05 

5-50 
400 
-08 
6-46 
3-67 
278 

in. 

1*12 

1-27 

2*28 

1*36 
GO 
56 
76 

2*l6 

179 
2*26 

2'IO 

•»"I7, 

7« 

79, 

"79 1 

3*6o; 

in.      in 

•n   v«« 

1-39     nj 
1*59     ■*«! 

1*40    n< 

May    

1*    s+ 

Jane  

111    j  3* 

July    

•58,    l*« 

August  

September ... 

October 

November  ... 

vr   . .. 

2-16 

•09 1) 

rs«J 

rj6   j-a 
1-50      is 

rtoi   IX 

i-al.   ru 

1-  — 1 

1796 

2996 

2193 

3382 

22-75 

36-50 

2468 

35-82 

I7II 

trill 
1) 
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Division  V. — South- Wwbiw  Co 

T7KTIBS 

(continued). 

Cornwall  (continued). 

Soininr. 

uro. 

Bodmin. 

Treharrock 

House, 
Wadebridge. 

Boseoarrook, 
Fort  Isaac. 

Taunton. 

Lang-port, 
Long  Sutton. 

Sherborne 

Reservoir, 

E,  Harptree. 

>  in. 

2ft6in. 

3  ft.  6  in. 

3ft.0in. 

1  ft.  6  in. 

0  ft.  7  in. 

5  ft.  0  in. 

t. 

32*  ft. 

308  ft. 

210  ft. 

88  ft. 

860  ft. 

1865. 

1864. 

1806. 

1864 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

6*40 

4*34 

6*o  1 

487 

*'S7 

53 1 

3-09 

4-81 

i-6c 

37* 

159 

3**3 

224 

518 

4-** 

*'»J 

roi 

3'5» 

171 

377 

1-46 

*'4» 

1-24 

2*28 

2-17 

4'*5 

*-79 

3-19 

•'55 

»'34 

2-09 

r88 

2'00 

2-94 

1*40 

2'6o 

'99 

3-56 

r8i 

1-07 

1*40 

v$% 

131 

I'lO 

i'59 

•63 

1*96 

94 

»'95 

no 

1-68 

•63 

»'5« 

148 

3-05 

189 

3*03 

162 

*77 

1      -90 

3'*4 

i-oo 

3*19 

•85 

176 

**79 

s-82 

185 

2*26 

*75 

2*30 

r6o 

|     I'i7 

1-50 

r86 

»75 

2*1 1 

43  « 

1-30 

35 1 

1*27 

459 

1'20 

3"44 

1       7o 

a'34 

-  *66 

*'57 

1-04 

411 

533 

1*50 

5-28 

1*62 

44* 

4*36 

509 

1    '*! 

477 

•71 

456 

105 

5'84 

*S 

4*3 
356 

•n 

415 

•n 

•16 

2*08 

•00 

37* 

•00 

401 

•10 

y»9 

79* 

260 

681 

2'9I 

5'65 

1      2*2Q 

6-41 

1*65 

5'5J 

2 'OI 

6-99 

4-97 

5*5o 

7'oo 

483 

5«07 

457 

5-3» 

|     *'*4 

394 

2*36 

3'4<> 

3*4 

5-02 

5*00 

49* 

435 

339 

372 

344 

2*92 

|     3'°* 

2-88 

317 

2-93 

4*3 

344 

4*-** 

3rn 

48-98 

30-24 

41*53 

30*21 

38-22 

!   2I'0O 

1 

3362 

2251 

3»'57 

2849 

4196 

Division  VI. — West  Midlajtd  Cototijh  {continued). 


\  (continued).     I 


■trarch. 


10  in. 


I860. 


ID. 
2-60 
117 
148 

'45 
230 

156 

543 
-26 

407 
200 
217 


&3    25*24 


Hengoed, 
Oswestry. 


6  ft.  0  in. 
471ft. 


1864.    1865. 


in. 
152 
«'94 
4'«5 
'99 
2-12 
2*26 
•9* 
i*49 
3-08 

305 

Vl* 
»*5 

2729 


in. 

375 
234 
i'59 
I-I2 
544 
2*26 
2*07 

7'2I 

•18 
586 
409 
»'43 

3«'34 


WOBCIBTER. 


North  wick 
Park. 


1  ft.  6  in. 


I 

West  Malvern. 


1864.    1865. 


in. 
i'2o 
160 
3-63 
177 

2*1 1 
1*29 

4« 

•36 

2-70 

2*24 

**47 
3-30 

23*08 


1  ft.  3  in. 
900  ft. 


1864.    1865. 


in. 

a'47 
3*oi 
I'll 
i'44 
1-88 

6*21 

•08 

5*43 
2*89 

2*07 

3°*35 


rji 

1-61 
2*64 
»'37 
«-43 
1-38 
•86 
•37 
3*59 

Vyj 

2-47 

2*96 
22'36 


in. 
156 
2*87 

•9* 
**45 
291 
2-17 
336 
3-4i 

•13 
436 
2-98 
171 

27*82 


Lark  Hill, 
Worcester. 


1  ft.  0  in. 

157  ft. 


1864. 


in. 
i-oi 

x-5* 
2-63 
119 
1*85 

•    I'OO 

•72 
-37 

2-65 

2*12 

2*63 
iO'39 


1865. 


in, 
3-19 
*'99 

•83 
1*09 
2-25 
z-88 
41  x 
2-99 

•10 
520 
2*91 
'•50 

28*04 


Orleton. 


0  ft.  0  in. 
200  ft, 


1864.    1865. 


in. 
131 
*73 
2-51 
1-38 
178 
r86 
•82 

2*69 
2*23 
2*36 
**33 

2179 


in. 
2*58 
266 

»'"3 
no 
3-56 
2*05 
2*68 
4'8o 
'ii 

4«3 
298 
1-40 

29*88 


Warwick. 


Bugby. 


2  ft.  4  in. 
384  ft. 


1864.    1865. 


•92 

»'45 
281 

148 

1*39 

•87 

•*7 

73 

1*36 

1-67 
ro5 
i*79 

1 639 


2*04 
2*17 
1*22 

•68 
162 
»*47 
3'85 
3*47 

•*4 
4*60 
2*29 
1*29 

*5'94 
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REPORT — 1866. 

ENGLAND  AND  WALES. 

Division  VI.— West  Midland 
Counties  (continued). 

Division  VII. — North  Mldlaitd  Corsnc 

Warwick  (continued). 

1 
Leicester.                             L£KO!3*_a 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Edgbaston, 
Birmingham. 

Birmingham. 

.Wigston. 

Thornton 
Heserroir. 

BelToir           Omtfif 
Caatle.                BsH. 

1ft.  6  in. 
510  ft. 

0  ft.  10  in. 
340  ft. 

Oft.  6  in. 
220  ft 

2  ft  8  in. 
420?  ft. 

1  ftOin. 
237  ft. 

0£L*ni 

1804. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

W&k    1*5 

January 

February    ... 

March    

April 

in. 

1*22 

2*02 

3*47 
i -4i 
i*6o 
i-6i 
•83 
•66 

3"i3 
2-75 
2*67 
*74 

in. 

3*17 
a*6o 

i"43 
>*33 
3-00 

2-34 
3-85 
4*47 
•18 
5-63 
231 
1-25 

in. 
115 
1-77 
3*44 
»*45 
1-59 
1*63 
•88 
•48 
3*46 
2*56 
2-42 
2*68 

in. 
308 
2*63 
123 
■60 
2*87 
a'36 
3-89 

4*59 

•21 

5-06 

225 

I'lO 

in. 

•88 
1-71 
2*42 
1-74 
1*88 
r36 

•30 

•54 
1-50 
i-66 
2*19 
1-42 

in. 
2-33 

**43 
1*0 1 

•40 
3*00 
2*29 
3'*5 
3'54 

•22 
4'88 
2*42 
103 

in. 
•84 

2*12 

270 
1*30 
2*40 
2*12 
'44 
•51 
I70 

1-67 
2-48 
1*26 

in. 
1  98 
r8o 
•89 
•40 
2-17 
4-42 

3'*5 

4*  20 

•26 

574 

i'y7 
•74 

in. 

•57 
•98 

*75 

1*89 

•96 

i*33 
•a  5 

•56 
1*69 

i'34 
i*99 

2*03 

1 

in.     \  a.         in. 
a-59!     7«      =* 
%'c€  l    1-34      1-1 
1*31  ;   v%+     i% 
•67,       S-,      •■ 

**34       »*55     y 
1-41  |       S*     v 

1*00             ***       '" 

May    

June  

July   

"v     

August   

September ... 

October 

November  ... 
December  ... 

3  **** 

3*54 

"21 

♦78 

*3* 

•93 

•5c     1 
114 
r4i      5 

2'Oy           I 

1*37       * 

Totals 

24*1 1 

31-56 

2351 

2987 

17-60 

2680 

19*54 

25-3-1 

1634 

»5*M 

j fa  :t~r 

Division  VII. — North  Midland  Counties  (continued). 

NOTTDJGUAMSniBE. 

Deebyshiek. 

Height  of 

Rain-gauge 

aboye 

Ground  

Sea-level 

Welbeck. 

East  Betford. 

Derby. 

Chesterfield. 

Comb's  Moes. 

°tt 

3  ft  10  in. 

2  ft.  0  in. 
50  ft 

5  ft  0  in. 

180  ft 

3  ft  6  in. 
248  ft 

3  ft.  6  in. 
1669  tL 

3ft.6in. 

1864. 

1865. 

1864. 

1865. 

1  1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

18W.1* 

January 

February    .. 

March    

April  

in. 
1 -03 
1-32 
2*03 

i*34 
4*18 
133 
117 
1*89 
1-93 
2-94 

2'2I 

1-23 

in. 
2*03 
1*69 
•69 

•95 
321 
108 
286 
3*74 

4*86 

2-21 

•61 

in. 
•86 
1*46 
2*09 
x-i8 

4*74 
188 
1*07 
176 

2*C2 
2*91 
2*|6 

1*97 

in. 
1*96 
i-6i 
1-44 
1*07 

I   in. 
1     1*08 

ii    a"5* 
t     2-49 

•      2*1 0 

in. 
2*00 
2-06 
rc4 

#97 
2*63 
183 
2-68 
3'25 

"'5 
5*20 
X'90 

75 

in. 
1*02 

2*67 

1*92 

1-31 

•81 

•31 
ic3 

*73 
2*96 
3-18 
1-53 

in. 
185 
1-83 
•68 
187 
2*90 
ri3 

277 
4-29 

•05 
6*13 
271 

•88 

in. 
2-23 
3*49 

2*IO 

i'33 
4-67 

4*5 
**37 
37* 
370 
3-52 
7'io 
370 

in. 
3'oo 
2-89 
1-63 

17a 

3-7* 
riS 

m.      »c- 

2Sc    rf 
3-09    r4 

,-rg        I  5 

May    

June  

3ZI>;     '  "' 

July    

*  *r3 
2*86 

1       74 

7i 

3**3 

2*07 

r99 
%'93 

3"57|     i*9!    :; 
5'93       3*33    f4' 
•51       4-c6      v 
8-99       2-43     6* 
6*67       47I    4 " 
a'llj     2-95     *'? 

"V     

August   

September .. 

October 

■■ber  .. 
?r  •.. 

2-47 
•16 

479 

2*09 

•63 

.     22*6o 

24-51 

2410 

23*74 

|   "74 

2446 

2134 

27-05 

>    4*18 

4*°3  1  34*94  *° 
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Division  VII. — North  Midland  Counties  (continued). 

Li5Colk8iiibe  {continued). 

,~_ 

Lincoln. 

Market 
Basen. 

Gainsborough. 

Brigg. 

Grimsby. 

New  Holland. 

>  in. 

3  ft.  6  in. 

3  ft.  6  in. 

3  ft.  6  in. 

3  ft.  6  in. 

15  ft.  0  in. 

3  ft.  6  in. 

*t- 

26  ft. 

100  ft. 

76  ft. 

.16  ft. 

42  ft. 

18  ft. 

1&S5. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

x-S* 

•«3 

1 -28 

"53 

1-58 

•84 

1*40 

•81 

r68 

.97 

•62 

•83 

1-37 

1-90 

1*40 

I'I2 

•60 

i*75 

1-05 

1*30 

i*6o 

186 

1*43 

118 

149 

172 

*-ai 

i-*5 

99 

"97 

118 

i'4* 

64 

1 '27 

ri8 

•86 

1-82 

1*63 

1-28  1 

'         -30 

•93 

•4a 

*44 

0*50 

•89 

7» 

*95 

•3* 

•19 

'57 

I'OI 

•59 

*-»3 

1-41 

1-91 

'J4 
189 

4*53 

171 

270 

«'47 

4'35 

1*12 

131 

ri7 

a.76 

1-74. 

1*86 

«"5* 

2*09 

1*09 

1*48 

r?I 

•96 

IIQ 

125 

I'X2 

1-13  1 

i        5"*9 

•57 

168 

•*s 

1*89 

•65 

2*8 1 

-68 

1 -97 

•36 

i-i8 

•27 

177  1 

1  \    *"9* 

i-aa 

3"»8 

i'47 

2-97 

3*49 

3-32 

i'57 

4*57 

1-92 

4*5 

I'40 

4-91 

k*  ,       "40 

160 

•00 

2-28 

•04 

i'44 

•17 

2-44 

'33 

1*36 

•10 

2*05 

•22 

97,      4** 

17* 

5*3 

150 

435 

2-14 

4*33 

a*io 

4'6i 

I-67 

4*33 

1-97 

415 

*3  j     2-21 

2*09 

2*20 

264 

»'95 

**33 

2\>7 

3-05 

2*1 1 

266 

3-42 

2'22 

2*07 

9,'     *~«5 

1-51 

*5 

r56 

"49 

1-05 

•5* 

»75 

1-17 

1*64 

1-41 

2-17 

79 

3 1  *5"79 

16-99 

20*82 

14-67 

23-32 

18*10 

2149 

19*60 

25-17 

15*37 

21*84 

I7-23 

22-76 

Division  VIII. — Nobth-Wbbtebn  Counters. 

1 
Chmubk. 

Lancashiwb, 

xlesfield. 

Quarry  Bank. 

Manchester. 

Waterhouses. 

Bolton-le- 
Moors. 

Bufford, 
Ormakirk. 

Standish, 
Wigan. 

ft.  6  in. 
539  ft. 

Oft  8  in. 
295  ft. 

2  ft.  7  in. 
106  ft. 

3  ft.  6  in. 
345  ft. 

3  ft.  6  in. 
286  ft. 

0  ft.  8  in. 
38  ft. 

Oft.  6  in. 
300  ft. 

M.\  1866. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

i-     |   in. 
'Y>  K    111 
t#95  |     ***6 
t*73       146 
i"  1 7       1-06 
***\     a-95 
JC4         68 
v8i  \     3-00 

**S3  ,    4"*5 

4  01 1       -a  3 

vSn      4*36 
4*46      4-09 
11 61       '64 

in. 
1-37 
a-88 
a*i2 
116 
2-08 

303 

1-45 
2*00 
3-8i 

176 

•75 
1-92 

in. 

178 1 
i-8x 

123  | 

3"»3l 
140, 
2*64. 

S*«j 
•44 

2*67  ' 
•661 

in. 
1-68 
4-03 
2-01 
i-6o 
3-17 
295 
1-69 
2-37 
401 
191 
3'*5 
1-97 

in. 
3-1 1 
2-36 
1-67 
]*o8 
3-19 

'96 
3-00 
384 

•67 
5-00 
2.77 

74 

in. 
1-25 

3*47 
1*96 

1*02 

4*08 

*54 
1*90 

**45 
4-30 
j -98 
311 
i'93 

in. 
2-79 
2-67 
11S 
108 
2-91 

•72 
2-71 
4-14 

•70 

4*98 
3-00 

•65 

in. 
3-61 
4*io 
3-06 
2*19 
3-29 

3*99 
3-10 

3«3 

474 
*-55 
548 
3*00 

in. 
4*20 
4"i8 
'74 
1-32 
3-21 
•63 

3*39 
618 

•43 
6*40 
3-92 
1-91 

in.  * 
1-95 
1-87 

**47 
139 
2*05 

3*37 
1-85 
179 

3*5* 
2-90 

37o 

2*28 

in. 

2-40 

2-02 

i-6i 

i'49 

3-63 

63 
2-17 
438 

•38 
453 
2-95 
156 

in. 

2-30 

2-50 

312 

185 

2-39 

4-14 

249 

2*19 

4-67 

2-36 

456 

2*22 

in. 
294 
3-12 
1-99 
1*98 
396 

*53 
388 
510 

*43 
4'99 
3*3° 
1-26 

joaoj  27-19!  16-33 

26-93 

30-64 

2839 

2999 

*7'53 

4*74 

3751 

2914 

27-85 

3479 

33>8 

802 
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Division  VIII. — Nobth- Western  CotnrriES  (continued). 

Lakcasriu  (continued.) 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

1 
Howick. 

South  Shore, 
Blackpool. 

Stonyhurst 

Caton. 

Holker. 
GartmeL 

Wrw  CwC 

0  ft.  6  in. 

72  ft. 

1  ft.  8  in. 
29  ft. 

1  ft,  3  in. 
381ft. 

1  ft.  9  in. 
120  ft. 

4  ft.  8  in. 
165  ft. 

23)  ft. 

1804. 

1865. 

1864.|  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1866.    H61    \H 

January 

February    ... 

March    

April 

in. 
3*oo 

475 
ft' 62 
1-50 

**15 
350 

%*6o 

370 
2*24 
4/00 

2'6o 

in. 

2*30 

V65 

x-85 

1*40 

595 

;« 

•40 
4-40 

3'oo 
1*80 

in.         in. 
1*65  1     1*90 
l*6o  1     3*40 
2'20  '      i*8o 
i*6c        "*** 

in. 

461 
370 
r8i 
2-93 
S'H 
215 
3-28 

4*37 
2*40 
5-07 
*-87 

in. 

3-63 
2-30 

2*20 

% 

321 

579 
ro6 
669 

1*69 

in. 
304 

.3*5* 
3*94 
193 
2-95 
476 
2*63 
338 
4*54 
*'47 
4*99 
379 

in. 
**95 
3**7 
2-17 

V 
4-89 

*3 

2*2 1 
481 

1*30 
521 
3*62 
2-32 

in. 
3-i8 
375 
4'35 
218 
2*92 
401 
316 

3**9 
4'5 
3*45 
4*4 
4*88 

in. 

3-59 

4-05 

*99 
5-34 

*7° 
ft -29 

5-56 

a 

*1* 

m.      '    is. 

1    PS      3*9 
5*57     « 
1-9(6:    i*c 

2*35     **3 
4*-        5 
3'9*    *"5 
3*53 1   *9 
TS9     ^ 

ri6>    in 

•7*     5"° 

May    

*  w> 
170 
3-10 
1-40 
2*8o 

i'6o 

4*95 
2*30 

3*45 

•*5 

*'35 

3*io 

70 

4-5<> 
2*90 
1-50 

June 

July    

August    

September ... 

October 

November  ... 
December  ... 

Totals 

3441 

3*'55 

28*80 

2655 

41*80 

40-59 

4«'93 

34*3« 

43*56 

3«'35 

fivf/^tV 

Division  IX. — Yorkshire  (continued). 

Yorkshire — West  Riding  (continued). 

Height  of 

Rain-gauge 

above 

Ground  

Sea-level 

Wakefield. 

Well  Head, 
Halifax. 

Ovenden 
Moor. 

Manor  Road, 

Holbeck.water- 

works  Office. 

Eceup. 
Leeds. 

Boats  5pa 

4  ft.  0  in. 
115  ft. 

0  ft.  11  in. 
487  ft. 

1ft 
•    137 

Oin. 
5  ft. 

0  ft.  0  in. 
95  ft. 

0  ft.  0  in. 
S40ft 

74 1. 

1864. 

18G5. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

January 

February    ... 

March    

April 

in. 
•72 
171 
2*23 
i'8o 
271 

•65 

158 
3-30 
277 
1-98 

in. 
i*37 

*5 
231 
1-31 
2-60 

304 

#I5 
5 '20 

2*02 
'87 

in. 
1*48 
213 
299 
1*40 
175 

.  *96 
245 
3-32 

3'*3 
1-50 

in. 
2-59 
2*13 
•So 
113 

2*20 

2-19 
470 

<'3° 

O'lO 

282 
216 

in. 
2*60 
2*90 
4-00 
1*30 
2 '20 
4-00 
1-40 
1*30 
510 
470 
5-30 
3-90 

in. 
r6o 
3.30 

2*  IO 
2*20 
3'40 

no 
•60 

5*5° 
no 
7*60 
390 
2«6o 

in. 
•64 

»'4« 
179 
1-42 
1*64 

'91 
70 
•89 

i*35 
197 
2-59 
'73 

in. 
1*30 
i*57 

:s6 

1 -So 

**3 
2-50 

59* 

'I9 
582 

295 

1-25 

in. 

79 
141 
2*19 
171 
173 
171 
•84 
•93 
x-6i 
171 
2-63 
1*69 

in. 
roo 
2*00 

•7* 

•96 

170 

63 

1-49 

4*55 
*9 
459 
340 
1*33 

in.       m. 
•96     r« 
1*50    14* 
2*33     w« 
r33     15] 
I-63'    31a 
272  ■      *4 
1*04     ii3 
roa     535 
214      19 

3*3°  i  sn 

2-97      1*44 

a-Si     118 

Mav    

*     * 

June  

July    

August  

September  ... 

October  

November  ... 
December  ... 

Total* 

22-59    "71 

2364   ,27*96 

3870 

35-00 

17-04 

2578 

1895 

22-66  j  2375    i*$4 
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Table  VI.  (continued). 


Div.  Xm. — SocTn-Eiarawr  Counties. 

1864. 
in, 
Selkirk,  Bowhill .     .    .    .       2881 
N.  £ak  Beser,  Penieuick  .       35-98 
Berwick 31*75 

i  Tester  .     . 

|  East  Linton 
(ilencorse  . 

ilnreredc    . 
Charlotte  Square,  Edinburgh 


34I5 
29*92 
3580 
30*02 
28*09 


1865. 

in. 

28-69 

3670 
2880 
36*10 
2387 
3460 
2778 
23*65 


Div.  XIV. — Sootb-Westbrn  Counties. 


Kewmains,  Gastle  Douglas 

Auchiiiraith 

Qisseow  Observatory   .    . 

Baffiieston 


|HilIendHouae,8hotts.    . 

Qirvan 

I  Auchendnne  House,  Ayr . 

Mansfield,  Largs  .  .  . 
I  Either  Place,  Mearns  .    . 

Paisley,  Sta&ely  Reservoir 

Greenock 

Div.  XV. — West  Midland  Counties. 

49'87 
70*60 
3600 
23-53 
38-53 


4488 
»7*35 
37-15 
41 71 
32*10 

43*35 
3681 
42*80 

51#75 
39*80 

55'8o 


3642 
2428 

35*37 
3804 
2418 
4166 
31*06 
3080 
'3838 
3663 
49*43 


fclloch  Castle     .... 

iridarrock,  Loch  lone  . 
■  Stirling,  Polmaise  Gardens 

,  Pbdda 

I  Deraar ,  Campbeltown  .     . 

Rhinns  of  Islay  .... 

M'Arthur's  Head  .  .  . 
1  Tarbert,  Stonefleld  .  .  . 
1  Hafton,  Dunoon      .    .     . 

Otter  House 

.  Kilmory,  Lochgilphead    . 

,  Inverary  Castle  .... 

[Oban     ....... 

1  L'smore     ...... 

1  Hynish,  Tiree 

Loch  Eil  Corran      .    .    . 

Ardnamiirchan    .... 


27*17 
60*40 
5620 
6851 
5614 

53*50 
62*30 
47*50 
62*43 
52*12 
7842 

8r55 
46*17 


45'*° 
60*79 


32*60 
2695 
40*61 
34*35 
54^ 
55-7o 
5642 
47-84 
55-20 
6820 
40*10 

54-*5 
40*11 
76*70 
67*90 
4078 


Div.  XVI. — East  Midland  Coukties. 


;Dollar 

I  Uchleren  Sluice  .  .  . 
.  Ieven,  Nookton .... 
)  Dunblane,  Kippenross 

Deanston 

Loch  Katrine 

Auchterarder  House    .     . 

Btronm,  Loch  Earnhead. 

Trinity  Gask 

Scone  Palace  ..... 

Stanley 

Dundee 

Arbroath 

Montrose 


36*62 
36*10 

*975 
38*20 
4190 
71*20 

33*51 
71*67 
37*20 
28*70 
28*60 

33*97 
34-20 
29*99 


36*20 
34- 10 
25*77 
3**35 
3375 
61*70 
3270 
62*11 
30*55 
»879 
27*46 

3o-59 
27*88 
34*26 


Dir.  XVII. — NoBTn-EASTEUN  Counties. 


Brechin,  The  Born 
Bogmoir  .    .     .    . 
Bwchory  House 
Biaemtr   .    .     .     . 
Aferdesn  .    .    .    . 


36*30 
3330 
26*10 
32*50 
27*95 


3470 
30*20 
3240 
2972 
2768 


Dir.  XVII. — North-Eastern  Counties 


(continued). 


Castle  Newe  .  . 
Tilly  desk,  Ellon . 
Elgin  Institution 


1864. 

in. 

3648 

3296 

2952 


1865. 
in. 

33-35 
27*09 
23*11 


Div.  XVHL— North-Western  Counties. 


Inverinate  House,  Loch  Alsh 

Cromarty 

Ardross  Castle,  Alness 

Oronsay 

Raasay 

Barranead 

S.  Uist,  Ushenieh    .    .    . 

Island  Glass 

Urquhart,  Corrimony  .    . 
CuUoden 


6230 
23*32 

92*86 
6995 
3677 

3995 
17*51 
4170 
2476 


Div.  XIX — Northern  Counties. 


Dunrobin  Castle      .     .     .  28*16 

House  of  Tongue    .     .     .  43 '70 

Cape  Wrath 38*19 

Nosshead       27*23 

Holburnhead 18*14 

Pentland,  Skerries  ...  31  94 

Balfour  Castle    ....  30*75 

Sandwick 33-28 

Sumburghead     .    .    .    .  23*90 

Bressay 43*oo 

East  Yell 4*'3i 

IRELAND. 
Dir.  XX- Munbtmb. 


Cork  .  . 
Valentda  . 
Waterford 
Portlaw  . 
Xillaloe 
Ennis    . 


34*61 
4762 
34*40 
40*27 
3564 
28*44 
Div.  XXI. — Leinster. 


Kilkenny 

Portarlington     .... 
Birr  Castle,  Parsonstown  . 

Tullamore 

Bray,  Fassaroe   .... 

Black  Bock 

Dublin 

Glasnevin 


3518 

4»*45 
2704 

%yll 
31-66 

*573 
29*75 
2395 


Div.  XXII.— Oovnaugbt. 

Gort,  Cregg  Park    .    .     .  3389 

Queen's  College,  Galway  .  58*07 

Doo  Castle,  Bunninadden  3 1  '89 

Hazlewood,  Sligo    .     .     .  37*64 

Div.  XXHX— Ulster. 

Red  Hills,  Belturbet   .     .  27*07 

Florence  Court  ....  29*43 

Armagh  Observatory  .    .  34*82 

Miltown,  Banbridge    .    .  25-10 

Waringetown      ....  *5*44 

Antrim *974 

Moneydig,  Garvagh     .    .  31*76 

Londonderry      ....  35*03 

Leokpatrick,  Strabane  .     .  34*99 

Letterkenny 46'32 


5-5*73 
1951 
29*68 
4698 
57*»5 
35*44 
39*66 

17*93 
3580 
24*96 

21  *o6 
28-90 
32*80 
15*09 
2491 
26*05 

*5*45 
3421 
20-47 
32*10 
3809 


43*01 
5909 
41*02 

47"*5 
46*04 

32*11 

30*43 

4384 
31*90 
26*92 
42*21 
29*80 
2923 
*4'34 

38*43 
4890 
3962 
41*81 

3,6*92 
43*5 
37*93 
29-21 
28*62 
29*41 
37*86 
3924 

37*99 
50*46 
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Table  VII.— TABLES  OP  MONTHLY  RAD 

ENGLAND  AND  WAXES. 


Division  I. — Middlesex. 


Middlesex. 


Height  of 

Bain-gauge 

above 

Ground  

Sea-level 


Hammer- 
smith. 


Camden 
Town. 


1  ft.  0  in. 
12  ft. 


1664.    1805. 


0  ft.  4  in. 
100  ft. 


1864. 


1865. 


Hackney.     I  Hampstead. 


0  ft.  6  in. 
40  ft. 


Harrow. 


1  ft.  0  in. 
360  ft. 


1864. 1  1865.  1804.  1865. 


1  ft,  2  in. 
354  ft 


1864.  1865. 


Lover 
Edmccfc* 


ISSi   !.<• 


January 

February    .. 

March    

April  

May    

June  

July   

August   

September .. 

October 

November  .. 
December  .. 


in. 

I'OO 
2'4> 

76 
151 

2*09 

'21 
1*22 
275 

.119 
2-27 

•43 


in. 
298 
218 
117 
•22 
3*44 

7! 
138 

446 

•53 
5*60 
a.39 

•76 


in. 
1*07 

•76 
261 

•92 

*'54 

1-68 

•61 

1*30 

**53 

114 

218 

•63 


in. 
363 

2'27 

1*09 

•37 

3'4° 
171 
191 
4*97 
•56 

6'20 

x-97 
1*36 


in. 
1*06 
•80 

*54 
118 
1-62 

i'44 
•50 

1*22 
2*30 
I -04 
2*26 
•60 


in. 

3'*7 
2-04 
108 
•46 
3-67 
191 

2'2I 
472 
•3O 
6-27 
2*25 
I  06 


125 

94 
2-85 

•86 

1*74 
2*25 

.:» 

319 

132 

209 

•76 


350 
263 
1*09 
"33 
3X3 
171 
2*30 

577 
•62 
676 
2-32 
123 


in. 
124 

•92 
215 
130 
194 
2*09 

•51 

2*98 
182 

2*lO 

7i 


in. 
2-41 
272 

I'QJ 

53 
3*00 
196 
*'44 

•36 

6*22 

**55 
105 


-87    ** 
•86    :i 

*17'    n 

7»' 
143 
r83| 

"4', 

•87 
214 
1** 
2*11 

71,    il 


Totals  , 


16-69    25*89 


1702 


29-44    16-56 


2924 


19*02 


31*39 


1895 


29-00 


i$-44 


167 


Division  II. — South-Eastern  Counties  (continued). 


Surrey  {continued). 


Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

January  

February    .. 

March    

April 

May    

June  

July   

August  

September .. 
October  ..... 
November  ., 
December  ., 

s  ..... 


Wandsworth 
S.  Fields. 


lftOin. 


1864. 


1865. 


Kent. 


Dovert 


!  ft  2  in. 
16  ft. 


1864. 


1865. 


Horton  Park, 
Hythe. 


lft.  6  in. 
350  ft. 


1864.    1865. 


Linton  Park, 
Staplehurst 


0  ft.  6  in. 
300  ft 


1864.    1865. 


Tunbridge. 


1  ft.  0  in. 
125  ft. 


1864.    1865. 


530  ft 
\m  I  1* 


•87 

•85 

270 

i-oo 

2*00 

1-35 

# 

1*57 

2-65 
•38 


in. 
330 
i*88 

•95 

•27 

3-00 

2-25 

2*60 

438 
•57 

6*13 
»'55 
i*35 


17  75    *9*3 


in. 
•68 

i"97 
2-66 
•61 
2x8 
191 

•3» 
1*69 

2-44 
162 
596 


5*49 

2'6l 

2*27 

•»4 

**53 

1*46 

4*35 
376 

•15 
9'23 
458 
136 


23-04    38*03 


in. 
I'll 

2*27 

2-57 
•46 

2-48 

7* 
159 
2*96 

1-22 
5*29 

9* 

2373 


4'15 
305 
363 
•36 
3'42 

1-03 

3*55 

3*97 

"54 

979 
4-88 
162 

3999 


in. 

77 
1-36 
3*06 
59 
a'35 
1  24 

•63 
163 

rs* 

i-47 

4-50 
114 

21*25 


in. 
448 
249 
214 
38 
289 
1-17 
348 
5-26 
•08 
814 
*74 
193 

35-18 


in. 

74 
i*i6 

3'4» 

•88 

176 

1*22 

•51 
Il8 
3*2 1 
163 
465 

'°5 
21-41 


in. 
380 
213 
191 
36 
364 

3 

4-«4 

•02 

7-86 

*7« 
*74 


76 

1 

■9: 

2 

yii 

1 

•81 

Id4, 

J 

115 

1 

•<« 

r 

116 

♦ 

%V 

•85 

*1 

roi      1 


3475 1  l8>5 


h\ 
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Division  X. — Nobthebx  Counties  {continued). 

Northumberland  {continued). 

Bj-jrwdL 

Wylam. 

North  Shields. 

Deadwater. 

Park  End, 
Hexham. 

Boddam. 

Lilburn 
Tower. 

1 

ft.  6  in. 

0  ft  4  in. 
96  ft. 

1  ft.  0  in. 
124  ft. 

0  ft.  4  in. 
277  ft. 

0  ft.  6  in. 
545  ft 

6  ft  0  in.    ! 
290  ft.       | 

87  ft. 

V4. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

3* 

168 

•76 

1  -2i 

'99 

176 

4*20 

3*20 

35* 

r86 

1*58 

3*05 

•90 

2*  10 

57 

i*7» 

I'96 

1-50 

2-49 

"'47 

2*30 

270 

3*37 

4*50 

4<>3 

1*94 

2*41 

1*05  | 

5° 

'79 

379 

"*54 

3*49 

"*54 

320 

2*20 

316 

1*26 

4*62 

"'53 

2*58 

1*26 

~i 

13a 

104 

124 

1*69 

156 

2*00 

I'OO 

•90 

79 

•66 

•99 

•91 

•85 

* 

4-9» 

*73 

456 

259 

411 

2*00 

7*00 

2*04 

3'5i 

3*02 

r67 

3*06 

4*93 

b 

•47 

116 

•63 

"94 

•65 

3*00 

I'OO 

1*92 

•5* 

•99 

1*21 

•87 

•59 

l\    x-32 

67 

256 

*9' 

'93 

280 

3*00 

•68 

3*08 

1*26 

3*30 

1*3* 

2*87 

ft*.    vd4 

1-58 

286 

114 

282 

2*00 

3  20 

1*08 

•97 

175 

•92 

2*60 

11       14 

109 

•3» 

"97 

•56 

500 

i-oo 

2*88 

•50 

2*79 

•07 

2*62 

•23 

*°<    T49 

667 

9'5i 

4'6o 

661 

6*20 

6*oo 

4*53 

5*4 

856 

10*43 

10*58 

8*47 

-*'    2*49 

2*17 

*74 

2-38 

2*36 

5*00 

4*20 

i*4" 

3*36 

3'44 

3*55 

3*04 

4*08 

7       i*75 

3-05 

I'OO 

258 

"53 

510 

510 

3*53 

"53 

3*96 

2*23 

2*76 

1*36 

*77 

29*82 

» — 

*7*57 

2967 

2677 

26*90 

42*80 

3960 

29*02 

29*80 

35-88 

3172 

31 '97 

30*39 

Division  X. — No 

RTHEBN  ComN 

ties  (contlnu 

ed). 

CrvBSSLira 

(conth 

med). 

Westmoreland. 

Billoth. 

Seal 

eby. 

Kendal 

Lesketh  How. 

The  How, 
Troutbeck. 

Edei 
Pen 

ihall, 
rith. 

Applebr.     1 

3  ft  0  in. 

Oft. 

8  in. 

4  ft  6  in. 

3  ft.  0  in. 

1  ft.  2  in. 

1  ft  0  in.      ' 

28  ft. 

149  ft 

200  ft 

470  ft 

442ft       f 

1864.  '  1885, 

i 

1864. 

1865. 

1864.  |  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865.  j 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in: 

in. 

in. 

in. 

in. 

in. 

in.      ' 

**35 

*'55 

a-31 

1*98 

5'"7 

4*60 

9*95 

825 

10*96 

748 

2*10 

205 

2*92 

1*89 

"77 

163 

2*04 

2*92 

3'97 

480 

573 

700 

7*14 

7'57 

165 

1  ?5 

2*22 

252 

a'Zi 

"'44 

2*30 

•50 

373 

"79 

6-97 

299 

7*99 

3*43 

2*67 

*<>5 

199 

i*6o  ; 

1-66 

•3« 

i"54 

•65 

2*26 

in 

2*99 

1  80 

4*01 

151 

i*55 

•90 

"*37 

•85  1 

r9i 

4*4 

238 

5*39 

186 

656 

2*52 

865 

»*44 

8*14 

183 

5'20 

2*22 

5'5« 

roi 

•97 

1*98 

1*22 

3-63 

•56 

4-69 

•65 

5*5 

•54 

»*37 

•94 

2*72 

76 

I-6S 

2*03 

"3i 

1*86 

3*3" 

1*96 

3*65 

3*39 
8-12 

384 

3*37 

1  02 

225 

1-25 

1*21 

i  So      3-15 

1*90 

4*4, 

355 

7*10 

521 

4*80 

7*38 

"75 

410 

"74 

3'85 

5Ili   JT 

4*37 

7o! 

612 

178 

9*39 

278 

8*47 

233 

373 

•85 

4*20 

*44 

V7«      3'6* 

3*o3 

470| 

304 

5*20 

3*95 

774 

299 

849 

4*05 

4*60 

2*37 

473 

1-05      3-00 

«*47 

2-52! 

381 

4»7 

747 

T  "4 

665 

7'99 

sit 

3'*7 

3*00 

2*46 

2*89 

479!     *79 

264 

*'"5| 

712 

284 

11*57 

729 

II*20 

2*62 

2*50 

3*39 

3*94 

^  3357 1  »«74 

27-17 

2883! 

47*57 

4167 

74-09 

6580 

7574 

64*05 

2861 

2899 

28*85 

30*26 
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Division  II. — South-eastern  Counties  (continued). 

ii 
West  Sussex  (continued).                                                 \  East  Swsix. 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Dale  Park, 
Arundel. 

Battle. 

Chilgrove, 
Chichester. 

Hurstpier- 
poinfa. 

Petworth 
Eeotory. 

1 

Uckfeld. 

4  ft.  0  in. 
316  ft. 

1ft.  3  in. 

0  ft.  6  in. 
284  ft. 

0  ft.  8  in. 
I20ft. 

2  ft.  4  in. 

6ft,0in. 

i#a 

1864. 

1665. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865.  i!  1864 !  ltt\ 

January 

February   ... 

March    

April  

in. 

2*11 
•41 

343 

I*02 

1*31 

•82 

•os 

"'33 

37o 
163 
3'6i 
1*29 

in. 
4-29 
3-36 

i'45 
•28 

2*72 

174 
373 
S-28 
•12 
12*23 
386 
3*20 

in. 
130 
250 
2-68 
1*04 

*'43 

148 

•88 

2*24 

4*oo 

2x5 

6*28 
1*32 

in. 
5*10 

3*21 

214 
•26 
3*87 
i'44 
294 

3]33 

xi-88 
316 
218 

in. 
2*o6 
148 

3*39 
148 
1 '60 

•!i 

1-04 
4*26 
x*88 

435 
142 

in. 

435 
2-60 

126 

*43 

in. 
151 
•92 

334 
•81 

in. 
431 
*77 

rK 
•38 

305 
•87 

348 

397 
•22 

10*59 

348 
193 

in. 

X*5S 
140 
2*84 

r5° 
r88 

140 

*33 
1*36 

3*31 
150 

4*7 
1*28 

in. 
4*95 
a'34 

123 

*22 
336 

no 
246 
5*02 

16 

10*19 
4'43 
337 

,  in.   !  in- 

103    1*3 

364    I* 

'    i"04 '     '31 

May    

2*89 1     134 

2'27         I'Oi 

*'#    ITT 
roi     n5 

June   

July 

2*44 

549 
•30 
9*95 
3-50 
297 

•4» 
x*8o 

3*4 
258 

503 
i*37 

•46    4* 

173    y* 

306       a 
9S    rA 

v    

August    

September ... 

October 

November  ... 
December  ... 

Totals 

20*71 

42*26 

28*30 

39*60    24*67 

38-45 

*3'39 

3636 

23*02 

38*83'   *3"4*   S1^'" 

Div.  II. — South-Eastebn  Counties  (continued). 

Div.. III. — South  Midland  Coryrra 

Hampshire  (continued). 

!               Berkshire. 

1 

HERTFORDSHIRE. 

Height  of 

Bain-gauge 

above 

Aldershot. 

Royal  Military 

College, 

Sandhurst 

Long 
Wittenhaxn. 

Watford 
Hotue. 

Berkhemp- 
stead. 

oa«r. 

266  ft 

Ground 

Sea-level 

3  ft.  0  in.     1 
325  ft. 

5  ft.  6  in. 
246  ft. 

1  ft.  0  in. 
170  ft. 

1  ft,  6  in. 
190  ft, 

1  ft.  6  in. 
370  ft. 

1864. 

1865.1 

1864.    1865. 

1864. 

1865. 

1864. 

1865. 

1864.  '  1865.  ;  18M.  1^ 

January 

February    . . . 

March    

April  

in. 

•92 
113 
294 
1*64 
1*62 

•92 

'34 

•81 

3*25 

158 

252 

84 

in. 

2*«r8, 
•70 

in.      1  in. 
i*6i      2*77 
•83       1*65 
2*46        78 

in. 

1 '06 

1*17 

3*23 

171 

i*6o 

1*76 

*44 

'93 

2*09 

1*22 

2*23 

•87 

in. 

3*48 

2*45 

ro2 

'93 

336 
2*19 
2*85 

6*40 
271 
163 

in. 
roi 

2*65 
no 
189 
»*44 
'99 
•59 
2*74 

I*IO 

2*26 
•66 

in. 
172 

2*8 1 

1*10 

*33 
2*61 

2*11 

3'97 

53 

6*20 

228 

2*39 

in. 
130 
104 
311 
1*46 

in. 

385 

**55 
139 

'Aft 

in.    •  w> 
1-09    ]• 

375     ll 
7»'     J 

nf    m 
*38.   J* 

!*  il 

May    

i*8a  !i      I*<2        »**"< 

2*A7  1       *'E* 

June  

1  oq.  .I       *  3* 

2*62  1      *oo 
i*6o ''      *-*° 

251 
2*06 
2*92 

•27 

47* 
2-95 

1*41 

1*62 

3 

273 
1*63 

3'*4 
45 

2*49 

rh 

•5* 

*ss 

**93 

2*41 

July    

August   

September . . . 

October 

November  ... 
r, rber 

391 

'I4' 
5'8o, 

3*54 
2*04 

I-04 
I'98 

*"43 

**44 

35 

1861 

2962  j 

1538 

M'J7 

18-31 

30*35 

18*40 

*9*59 

19*82 

3170 

iWr'^J 
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Division  II. — South-Eabtbbh  Counties  (continued). 

Hampshire. 

Ventiar, 

Isle  of  Wight 

Osborne, 

Fareham. 

Southampton, 

Ordnance 
Survey  Office. 

The  Wakes, 

Lisa, 

*le  of  Wight 

IbIo  of  Wight. 

Selborne. 

Petersfleld. 

ofLOia. 

7  ft  0  in. 

3  ft.  0  in. 

OftOin. 

1  ft.  3  in. 

4  ft.  0  in. 

Oft.  6  in. 

150  ft 

15  ft. 

172  ft. 

26  ft. 

75  ft. 

500  ft. 

«>i    186&. 

1861 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

a.     ,  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

■79      5*74 

*35 

49* 

170 

4"4« 

*-«4 

409 

285 

5*°5 

*'97 

3'86 

192 

410 

J"5$      *4» 

■55 

32a 

i*43 

251 

118 

3*5o 

21 X 

4*08 

T58 

3-i  1 

rS5 

ri7 

416     rap 

377 

lio 

33© 

97 

35* 

roi 

331 

I'lO 

369 

118 

387 

124 

1  >i      1S6 

170 

•62 

173 

•67 

a-86 

1*30 

2-46 

•86 

x-86 

•89 

2' 1 1 

•63 

1-41 

274 

140 

252 

I*20 

346 

155 

2'92 

r56 

**44 

i  49 

2*92 

rsa     2*30 

15* 

**4* 

i'3Q 

236 

•86       136 

141 

2-56 

113 

2-35 

114 

3-50 

>«     r$6 

*4 

2'OI 

'■J 

**54 

•28 :    507 

•32 

4*07 

•36 

277 

'3* 

2*64 

a    144 

i*oo 

3*97 

•96 

3*8 

53!    47i 

•81 

5*06 

1-07 

501 

105 

5'37 

*"*t     -14 

»-85 

•21 

410 

<°4 

44o        "25 

»*43 

*3 

3*02 

•20 

396 

•13 

»•*:    H4 

17* 

IX'IO 

127 

810 

2'IO 

6*89 

I'42 

874 

2H>3 

7'95 

J"93 

10*30 

w   n» 

41* 

359 

3'9» 

379 

3l8 

481 

4-27 

4'82 

4*o 

4-83 

4*4 1 

5-07 

///,  1-51 

1-5* 

r*4 

141 

370 

I '80 

2*66 

2*3* 

332 

124 

359 

i'37 

369 

"Vjryj 

*3*7i  39*»« 

W67 

3496 

»475 

391 1 

25*26 

4271 

2371 

38*18 

25'22 

42-81 

215 

219 

l*OI 

280 

'47 

79 

309 

294 

18 

156 

*'4i 

232 

»'58 

5i 

1  96 

18-26 

2»$3 

113 

r56 

54 

4'37 

85 

426 

1-90 

•37 

•84 

5-42 

213 

17S 

ro4 

116 

15-41 

26*52 
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Div.  XI. — (continued). 

Division  XII. — Southern  Counties. 

Channel  Islands  (continued). 

Wioton. 

|                      Kirkcudbright.                       ;'    Dtnva*. 

1 

Height  of 

Rain-gauge 

abore 

Ground 

Sea-level 

Alderney. 

Stranraer, 
S.  Cairn. 

1 

|  Little  Boss. 

CastleDouglas, 
Slogarie. 

Cargen.        '  DreaCaarij 

10  ft.  0  in. 
48  ft. 

Oft.  4 in. 
209  ft. 

3  ft.  3  in. 
130  ft, 

1 

Oft.  6  in.     1     Oft.  3  in.          Oft.  4  m 
800ft.       |        80ft                U»lfL 

1864. 

1865. 

1864. 

1865. 

1  1864.    1865. 

1864. 

1865.    1864.  |  1865.     1864.    lift 

January 

February   ... 

March   

April  

in. 

1-27 

r66 

2*82 

•5» 

1  02 

76 

'43 
1*62 
6*8 1 

•86 

2*61 

in. 
359 

2*22 

168 

176 

186 
268 
152 

i'95 
•02 

7'34 
369 
2*26 

in. 
470 

3'25 

5^5 
3-20 
165 

330 

3i5 

2' 60 
540 

*75 

4'20 

2-50 

in. 
4-30 

4"  5 
3*20 

•80 

455 

I*20 

3«5 
3*60 

•65 

5'4<> 

6'20 

3"  60 

in. 
1  50 
1*26 

T9* 
1-96 

125 
1-14 
78 
1-27 
3*77 
3*34 
312 
3-28 

in. 
194 
3-05 
-86 

44 

294 

•61 

"59 

1-84 

73 
549 

3'02 

273 

in. 
8-51 
348 
651 
278 
229 

479 
294 

3**7 
8*  50 

5"7 
7*87 
9*94 

in. 

7 -co 

4*5° 

279 

•80 

7'4 
•80 

4*75 
5-»4 

2'20 

6>5 
7-32 
819 

in.      '   in.      |    in.       in 
3.78 1    4-ial     A-fe     4-0 
277      a-961      3x0     ai 
388       149  ,     40c      n 
I'40  J         71  J       **1C 

May   

1*42 .    6-66  ,j     1-30     $•- 
3*41         •«        t-20       : 

June  

July    

229 

i'44 
621 

492 

47o 
390 

*75 )     2*30     i~ 

August  

September... 

October 

November  ... 
Beoember  ... 

4*98  ,     no     si 
xi8 1|    roo      -j 
5*961;    42°     5j 
478;    4**>,    j* 
5-08  1    4-6o(    6* 

Totals 

20*56 

3o-57 

4*45 

4130 

2659 

2524 

65'95 

5778 

40*12 

41  19!.  4**»  39V 

Div.  XIII. — Southern  Counties  cant . 

Di?.  XIV. — South- Western  Comrrres, 

Edinburgh  (continued). 

Lanark. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Inveresk. 

Edinburgh, 
Charlotte-sq. 

Douglas  Castle 
Newmains. 

Auchinraith. 

Glasgow 
Observatory. 

Baft***. 

2  ft.  0  in. 
60  ft. 

0  ft.  6  in. 
230  ft. 

0  ft.  2  in. 
783  ft. 

4  ft.  2  in. 
150  ft, 

0  ft.  3  in. 
200  ft. 

Oft.  3 in 
230  ft 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864.  |  1865. 

lew. .  ias?. 

fill 

in. 
119 
2*36 
2*66 

I'2t 
2-31 

2-17 
161 

•95 

3*44 
806 
227 
"79 

in. 
3*20 
1*09 
i*o6 

•58 
4'55 

•32 
3-25 

4*99 
2*26 

i'33 

in. 
1-25 
214 
3-10 
1-16 
213 
1 '20 
2-15 
•80 
34o 
6*90 
179 

2*07 

in. 
2-29 

1-70 

*99 
•30 

3*5 

•4" 

3*20 

341 

•55 

396 

i-6o 
•'59 

in. 
580 
4-42 
675 

1*69 

3*95 
.2-97 

I'20 
2>2 
4-83 

378 

in. 
675 
382 
2*o6 

'56 

5*37 

•37 

3-30 

4-30 

'44 
258 

3*3 

374 

in. 
2-05 
215 
3*65 
1*45 
1*35 
r85 
2-70 
95 
385 
355 

2'20 
I '60 

in. 
162 

'55 
140 

"35 
3'6o 

•45 
2*36 
430 

63 
338 
»34 
2-30 

in. 
365 

3*93 
409 
223 
151 
3*37 

*v 

1-89 

4*20 

3*7 
319 

**7 

426 
179 
2  06 

85 
3*5' 

•54 
2*40 

593 
1-27 
4*69 
343 
454 

in.  »-  ' 
13*     3*3! 

3-9*;    »1"j 

I99|  ") 
-'7a,    5*J5 

4*07     3P 

May  

June  

July  

i    j  • 

August  

September... 

October 

November  ... 

i'33  T»t 
5-63     njl 

33"     3"V 

•• 

30*02 

»778 

28*09 

23-65 

4488 

36-42 

*7'35 

24*28 

37*5 

35*37 

4171  ^ 

\ 

ON  TUB  KAIXrALL  IN  THIS  BH1TI8H  ISLKS, 

SCOTLAND. 
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XII. — 

Division  XIII. — South-Eastebn  Counties. 

^.(eo). 

irxmm 
tinned). 

Selkirk. 

1 
Pebbles,     ■ 

1 
Berwick. 

Haddington. 

Edinburgh. 

o^kKfwl. 

Selkirk 
Bowhill. 

Fenicuick  N.  ' 
Esk  Reservoir.' 

i 

Thirlestane 
Castle. 

Tester. 

East  Linton. 

Glenoorse. 

r.  4  in. 

4  ft.  0  in. 

0  ft.  6  in.     1 

0  ft.  3  in. 

1ft. 

Oin. 

0  ft.  3  in. 

0  ft.  6  in. 

$30  ft. 

537  ft. 

1160  ft.      1 

558  ft. 

420  ft. 

90  ft. 

787  ft. 

L      1865. 

1864. 

1865. 

1864. 

1865.  : 

1864. 
in. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

iji. 

in. 

in. 

in. 

in.     i 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

t  i        5-36 

158 

277 

2-40 

5*5 

2*00 

i'9°i 

■45 

3  60 

'9* 

215 

2*20 

365 

V*        3*4 

173 

«'57 

*'55 

1*60 

*45 

2*30 

2*30 

1*40 

*43 

•56 

3-10 

*75 

77        *'97 

333 

*45 

4-40 

1'20 

3*5°  1     x'3° 

2-25 

125 

316 

•81 

4<>5 

"'55 

97          "7* 

*77 

•63 

1*05 

'45 

•80 

•90 

•85 

125 

70 

78 

•90 

•4° 

1*       6*45 

*'35 

3-17 ! 

1*90 

4"3o , 

2*60 

3-20 

215 

5'i5 

1*90 

5-27 

1  90 

0*05 

69         *6o 

a*  10 

rioi 

*45 

70 

no 

•10 

95 

1-85 

i'43 

•»5 

"45 

•40 

j-79      **oo 

1*30 

11 3 1 

2*30 

4a5 

170 

210 

•90 

270 

1-82 

307 

2*20 

340 

Y14     V3S 

•88 

3*i3! 

105 

4-65 

I'OO 

3'9° 

i*6o 

310 

118 

228 

•*5 

450 

9- it      146 

3*49 

*45 , 

398 

I'OO 

3-85 

•90 

2-90 

125 

248 

S5 

3*60 

70 

4m'S     474 

5*5 

5-90 

7*95 

7*60 

685 

770 

ii'6o 

905 

1043 

5*89 

9*9° 

*'55 

*4J      5*93 

326 

3*33 

*'95 

3*10 

3 '20 

2'20 

4°5 

2*90 

i'95 

1'20 

3*20 

2-95 

,"S6     10-42 

278 

ro6 

** 

3*00 

2'6o' 

270 

2*30 

3*5 

2*60 

■'53 

•96 

2-65 

270 

V67     5187 

2882 

2869 

3598 

3670 

3*75 

28'8o 

3415 

36*10 

2992 

*3'87 

3580 

3460 

Division  XIV. — South- Western  Counties  (continued). 

Lanark      1 

Ayr. 

Benfrew. 

1 

rontittved).   , 

1 

*K>tts,Hill 

Ayr,  Achen- 

Mansfield, 

Nither  Place, 

Paisley  Stan- 

1 
Greenock. 

rod  House. 

drane  House. 

Largs. 

Mearns. 

ley  Reservoir. 

7  ft  0  in. 

0  ft.  6  in. 
15  ft. 

2  ft.  3  in. 
94  ft. 

0  ft.  6  in. 
30  ft. 

0  ft.  5  in. 
350  ft. 

0  ft.  6  in. 
60  ft.        J 

620  a       1 

100  ft. 

1864    1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865.  ; 

in.      I   in. 

in. 

in. 

in. 

in. 

in. 

in.     | 

in. 

in. 

in. 

in. 

in. 

in.     | 

*37i     1*55 1 

45o 

670 

240 

374 

4*20 

5-20 

5'5°. 

375 

410 

440 

6'37 

6'8o 

1-52  1      -53  [ 

250 

2-80 

265 

*73 

420 

3'oo 

438 

»75 

3*60 

338 

577 

44o! 

380.      -91 1 

720 

495 

2*20 

390 

240 

812 

238 

5'6o 

2*07 

•5*37 

283 

1*2  I  '          '64. 

260 

'5° 

205 

•67 

3-30 

•70 

213 

l'I2 

2*60 

•57 

3-00- 

130 

I40  1       304 

140 

420 

2*03 

406 

2'20 

270 

rco 

3'oo 

1 '20 

3*60 

"*93 

388 

1*62        *59 

350 

I'20 

2'33 

1-28 

2'90 

rco 

45c 

113 

330 

•*5 

4*3 

P 

3C2      2*67 

3-00 

2*50 

232 

1'9I 

3*CO 

280 

3'oo 

2-25 

270 

268 

333 

264 

*'5«j    4-58 

2*  IO 

430 

i*8o 

482 

2*30 

7*20 

2*50 

5'50 

1 '40 

4*35 

1*97 

677 

424I     *°S 

500 

no 

580 

ll6 

5*60 

190 

1  hv 

2 'OO 

5*5° 

123 

7*60 

170 

4'9»'     410 

3*20 

510 

324 

3*10 

2'6o 

470 

5-62 

5*12 

350 

460 

293 

6  40 , 

1*23!     261 

550 

496 

402 

2*88 

5-50 

3'6o 

415 

4«3 

320 

410 

683 

465 

2*19!     1*90 

285 

480 

3 -22 

251 

3'io 

460 

'    45° 

5*25 

310 

500 

547 

711! 

jrio|  2418 

1 

J  4335 

4166 

36*80 

31*06 

42*80 

3980 

1  5I'75 

3838 

3980 

3663 

55*8o 

49  43 

298 
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Division  V,— Sottth-Wkstben  Counties  (continued). 

Devonshire  (continued). 

Cornwall. 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Castle  Hill, 
South  Molton. 

Great 
Torrington. 

Barnstaple. 

Helaton. 

Penzance. 

IWiidvPi 
Bedruti 

3  ft.  0  in. 
150  ft 

3  ft.  10  in. 
450  ft. 

Oft.  6  in. 
31ft. 

5  ft.  0  in. 
115  It 

3  ft.  0  in. 

94  ft 

Oft.   OlT 

1UUA. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1 

1865. 

1864. 

1865. 

1884.    I* 

January 

February   ... 

March    

April  ...•••... 

in. 
r84 
1*95 
VH 

223 

r58 
3-82 
1*27 
2-50 
5*5 1 
*73 
4*5i 
**47 

in. 
5-So 
4'37 
3*57 

I'OI 

4-09 

2'IO 
£63 

*77 

•44 

5-68 

5*17 
3'i6 

in. 

2*12 
2*23 
2'62 

J*53 
•81 

3*47 
117 
1-52 
4*3* 
3*77 
4-17 

3#I5 

in. 
5-58 

3*33 
i'43 
373 
133 

VH 

5*02 

•10 

5*39 

4*44 
374 

in. 

174 
215 
2-56 

2*04 

in. 

4*95 
3-98 
299 

in. 
270 
237 
2*64 
>#57 
r46 
"*39 
77 
•50 

1     3*33 

!   n* 

3-90 
4-41 

in. 
6*02 
4*3 
239 
1*44 
**J4 
>-93 

4.*OQ 

in. 
V36 
166 
263 
1-28 
1-33 
176 

•77 

in. 

6-90 

5-63 

***4 
103 
3*12 

in.     >    in. 
yto      5. 
rta.     3. 
2*30      »*< 
1*35     r 
i"*ft     t- 

May    

1-35 !     318 
3-03      2*26 

*8o '     i'oi 

June  

July   

1*42 .     r6c       1 

t*2Q          vne        a, 

August   

September... 

October 

November ... 
December  ... 

2'II 

4-29 

•64 

3*54 
2*09 

4*52 

*26 

5-57 
4-04 

3*H 

564      r*5 

•05,    4-03 
7751    **7 
493      T»5 
3*53 1     3*94 

3  *y 

4*35 

•io 

8-ai 

589 

4-80 

i"ii      31 
3*33 

3*70      j 
3*40        4 

410       4I 

Totals 

33-55 

46-49 

3088 

4036 

26-43 

39'36 

|  *8-56 

4474    *9*83 

4758 

*9**7    S* 

Div.  V.— S.W.  Commas 
{continued). 

Division  VI.— West  Midland  Cototjeb. 

Somerset  {continued). 

Gloucxstkb. 

Sfisorsuu 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Batheaston. 

Bristol, 
Park-row. 

Clifton. 

Cirencester. 

The  Spa, 

Gloucester. 

Hanffeta 
[Hall,  Shift 

2  ft.  0  in. 
226  ft. 

6  ft.  0  in. 
140  ft. 

0  ft.  6  in. 
192  ft. 

1  ft.  2  in. 
446  ft. 

3  ft.  6  in. 

50  It 

1 

450  ft 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865J 

1864.    > 

January 

February   ... 

March    

April 

in. 
130 

1*22 
219 
1*69 

•88 

•62 

2-58 

146 
250 

in. 
2*67 
1-51 
•86 

77 
1-89 
128 

3'84 
5«o9 

*°5 
537 

3*9* 
272 

in. 
r66 

174 
2*41 
156 
70 
2*06 

3 

j-s« 

.•98 

a'08 

in. 

2*90 

I'I2 

70 
III 

i*53 

3*03 
846 

•05 
4*7 
3**5 
273 

in. 
156 
188 
2*62 
1-40 
•86 
2*12 
i-oo 
ria 
3-36 
1*90 
295 
198 

in. 
3-76 
2-88 
1-16 

73 
1-99 

i-58 

4*3 

8*5x 

•02 

*  4*97 
3*5 
3*4* 

in. 
1-82 

i*93 
308 
140 
1-50 

lV 

•88 

1*4 
3-68 
2-25 
330 

2-25 

in. 
4-21 
2-50 
140 
125 
1-92 
2-05 
5-50 
4*00 
•08 
6-46 

3*7 
278 

in. 

1*12 

1-27 

228 

•55 
136 

•76 

2*l6 

179 
2*26 

2'IO 

in.     | 

n?, 
162 
78 
79 
»  79 
»*37 
3*o 

2l6 

•09 
331, 

rim; 

in.        lv 

73      *« 

139  11 

■•59      '1 

140  il 

May    

iii    t\ 

Jane  

t*2i      2 

July    

•58     s} 

August  

September... 

October 

November  ... 
December  ... 

1-36    rJ 

.     1*50        '1 

t'8o      n 

j    r8o     ■  ! 

i  "^   r^ 

Totals 

1796 

29*96 

41-93 

33-82 

2275 

3650 

24*8 

3582 

17-11 

XI  81 

ON  THIS  RAINFAIX  IN  THJS  BRITISH  ISLES. 

SCOTLAND. 
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.XII.— 

Division  XIII. — South-Eastebn  Counties. 

Dt5.  (CO). 

tVflUS 

Selkirk. 

Pebbles.     I 

Berwick. 

Haddington. 

Edinburgh. 

iloekhtad. 

Selkirk 
Bowhill. 

Fenicuick  N.  : 
Esk  BeserToir.' 

Thirlestane 
Castle. 

Tester. 

East  Linton. 

Glencorae. 

ft.  4  in. 

4  ft.  0  in. 

0  ft.  6  in. 

0  ft.  3  in. 

1  ft.  0  in. 

0  ft.  3  in. 

0  ft.  6  in. 

1330  ft. 

537  ft. 

1150  ft 

558  ft. 

420  ft. 

90  ft. 

787  ft. 

4.    1865. 

1864. 

1865. 

1864. 

1865.  | 

1864. 
in. 

1'865. 

1864. 

1865. 

1864. 

1865. 

1854. 

1865. 

in. 

in. 

in. 

in. 

in.     1 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

n     536 

rS8 

*77 

2*40 

5*5 

2-00 

190 

i"45 

360 

•9" 

2,5 

2'20 

3*65 

46     384 

1*73 

*'57! 

*'55 

i'6o : 

*45 

2*30 

2*30 

140 

243 

56 

310 

175 

77     *'97 

333 

"•45 

4'4© 

1'20 

35o 

130 

2-25 

125 

316 

•81 

4-05 

»'55 

9T       "7* 

77 

*63 

1-05 

*45. 

•80 

•90 

•«5 

125 

•70 

78 

•90 

•40 

ni     645 

*'35 

3-i7 

1*90 

430 

2*60 

3'20 

2X5 

SV 

1*90 

5-27 

1  90 

6*05 

^       60 

2*10 

1'IOj 

*45 

•70 

l*IO 

#IO 

95 

1-85 

143 

*5 

*45 

•40 

r*j    1*00 

1-30 

2'Mi 

2*30 

4*5 

170 

210 

•90 

2*70 

1*82 

307 

2*20 

3-40 

»'H   V38 

-88 

313  1 

ros 

465 

I'OO 

3-90 

i*6o 

310 

118 

228 

<>5 

4-50 

918    146 

3*49 

'45 

398 

i-oo 

3-85 

•90 

290 

125 

2*48 

<>5 

3*60 

•70 

i'y  474 

5*5 
3-26 

5*9° 

7*95 

7*60 ' 

685 

770 

11  '60 

905 

1043 

589 

9*9° 

6-55 

*iJ  593 

3*33 

295 

3*io 

320 

2*20 

4*°5 

290 

"95 

1 '20 

3-20 

2-95 

5'ft  1042 

2-7* 

306 

3-00 

2-60  ! 

270 

2'30 

3*15 

2' 60 

*'53 

•96 

2*65 

270 

H?   5**«7 

|  28-82 

2869 

3598 

3670  ■ 

3175 

28'8o 

3415 

36*10 

2992 

23-87 

3580 

3460 

Division  XIV. — South- Westebn  Counties  (continued). 

Ayr. 

BENrREW. 

fctfta.Hill  1 

Gir 

Ayr,  Achen- 

Mansfield, 

Nither  Place, 

Paisley  Stan- 

Greenock. 

ad  House. 

drane  House. 

Largs. 

Mearns. 

ley  Bescrroir. 

7  ft.  0  in. 

0  ft.  6  in. 
15  ft 

2  ft.  3  in. 
94  ft. 

0  ft.  6  in. 
30  ft. 

0  ft.  5  in. 
350  ft. 

0  ft.  6  in. 
50  ft. 

620  ft.       ! 

100  ft. 

•**.  1865. 

1864 

1865. 

1864. 

1865. 

1864. 

1865. 
111.     1 

1804. 

1865. 

1864. 

1865. 

1864. 

1865. 

in.    ,  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in.     1 

M7.    1  55 

4'5o 

670 

2-40 

374 

4*20 

5-20 ' 

5'5° 

375 

4*10 

4-40 

6-37 

680 1 

**5*      -53 

2-50 

3'2° 

280 

265 

273 

4'20 

300 ' 

438 

*75 

3"6o 

3'38 

577 

44o, 

3  So      -9, 

7-20 

4*95 

2'20 

390 

2-40 

812 

238 

5'6o 

2*07 

6-37 

283 

HI          -64| 

2*60 

•50 

205 

•67 

3-30 

70' 

213 

l'I2 

2*60 

s« 

3'oo" 

130 

62       .59 

140 

4-20 

2*03 

406 

2'20 

270 

I'OO 

3*oo 

1*20 

193 

388 

350 

1*20 

**33 

1-28 

2*90 

rco1 

45c 

113 

330 

•65 

4*3 

?5 

U*     2-67 

3'oo 

2-50 

232 

I -9I 

3*co 

2'8o 

3-00      2*25 

2-70 

268 

333 

164 

M«.   458 

2*  IO 

4-30 

i*8o 

482 

2-30 

7*20  1 

;   250     550 

140 

4*35 

»'97 

677 

4'Hi    ro6' 

500 

I'lO 

5-80 

ll6 

5-60 

1*90 

625 

2 '00 

55° 

123 

7'6o 

170 

*V    4- 10 

3*20 

510 

3*4 

3'io 

2'6o 

470 

1   562 

512 

350 

4'6o 

*93 

6401 

Jl3     161 

550 

496 

402 

288 

5-50 

3*60 

05 

4*13 

3*20 

4*10 

6-83 

465 ' 

,,9;    1*90; 

2-85 

480 

3*22 

251 

3*io 

4-60 

4*5° 

5*5 

310 

500 

5*47 

711, 

3110!  14,8. 

43*35 

4166 

36*80 

31*06 

42*80 

39-80 

5*75 

3838 !  3980 

3663 

55'8o 

49  43 

800 

REPORT — 1866. 

ENGLAND  AND  WALES. 

Division  YL— West  Midland 
Cotjntiei  (continued). 

Division  VII.— North  Miblaxd  Cocsrm 

Warwick  (continued). 

1 
Leicester.                              Lckcl^ 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Edgbaston, 
Birmingham. 

Birmingham. 

/Wigston. 

Thornton 
Reservoir. 

Belvoir       !     Gresrf 
Castle.        J        Hall 

1  ft.  6  in. 
510  ft. 

0  ft.  10  in. 
340  ft. 

0  ft.  6  in. 
220  ft. 

2  ft.  8  in. 
420?  ft 

1  ft.  0  in.      1 
237  ft. 

OIL  9. 

18C4. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

IS&L     I 

January 

February    ... 

March    

April 

in. 

1*22 
2X2 

3*47 
i  «4i 
i*6o 
j-6i 

•83 
•66 

3-13 

a-75 
267 

274 

in. 

3'i7 
2*60 

1*43 
»33 

300 
2-34 
3-85 
4*47 
•18 
5-63 
231 
1-25 

in. 
115 
177 
344 
i"45 
1*59 
1*63 
•88 
•48 
3-46 
256 
2*42 
2-68 

in. 
3-08 
2*63 

•60 
2*87 
2*36 
3-89 

4'59 
•21 
5x6 
2*25 
no 

in. 
•88 
171 
2-42 

'74 
x*88 

'•36 

•30 

54 
1*50 
1  66 
219 
142 

in. 
2-33 
2-43 

I'OX 

•40 

3x0 
2*29 
3**5 
3*54 
•22 
4*88 
242 
1-03 

in. 
•84 

2*12 
2*70 
1*30 
2*40 
2*11 
•44 
•51 
I70 
1*67 
2*48 
1*26 

in. 
1*98 
r8o 

•89 

•40 

2*17 

2-42 

3**5 
4-20 

•26 
574 
IV 

•74 

in. 

'57 
•98 

275 

•96 

i"33 
•25 

•56 
169 

''34 
199 
2x3 

in.     ',  m.         1: 
a-59        78 
aro6  *    1*34 
1-31  ,    *•»% 
*«7  .       ^ 
**34       **59 
1-41  !      **4 
1*00         *** 

May    

June   

July   

.   v    

August   

September ... 

October 

November  ... 
December  ... 

300 
3-54 

*2I 

478 

**3« 
93 

*5c 
x**4 

2*0? 
«*37 

Totals 

24*1 1 

31-56 

2351 

2987 

17*60 

2680 

*9'54 

25-3 1 

1634 

25**2 

15*"    - 

Division  VII. — Nobth  Midlakd  Counties  (continued). 

Nottinghamshire. 

DESBT8BIB1. 

Height  of 

Bain-gauge 

above 

Ground 

Sea-level 

Welbeck. 

East  Bctford. 

Derby. 

Chesterfield. 

Comb's  Moss. 

Chapd-?- 
Fr.ih 

3  ft  10  in. 

2  ft.  0  in. 
50  ft. 

5  ft.  0  in. 
180  ft. 

3  ft.  6  in. 
248  ft. 

3  fh  6  in. 
1669  ft. 

Sft.fi  1 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

18&4.    1 

January 

February    . . . 

March    

April 

in, 
103 
1*32 
2*03 

i'34 
418 

1-33 
1*17 
1 '89 
1-93 
294 

2*2 1 

1-23 

in. 
2*03 
1*69 
•69 

•95 
321 
108 
2*86 

374 

•58 

486 

2*21 

•61 

in. 
-86 
1*46 
2*09 
118 

474 
188 
1*07 

r76 

2*02 

a-9i 

2'j6 

1-97 

in. 
1*96 
r6i 

1-44 

in. 
1     1 '08 
j    *'5* 

**49 

in. 

2'00 

2x6 
1*04 

'97 
263 

183 
2-68 

3**5 
5*20 

190 

I      75 

in. 

I*C2 

2-67 

1-92 

1-31 

•81 

•31 

1x3 

273 

296 
318 
1'53 

in. 
185 
r83 
•68 
187 
2*90 
1-13 

277 
429 

•05 
6*13 
271 

•88 

in. 
2*23 

3*49 
a'io 

i'33 
467 
4*5 
2*37 
372 
370 

3*5* 
7*10 
370 

in. 
3x0 
2*9 
1-63 
172 

in. 

2SC 

May    

I     U/        ,              -     -w 

376 :     **3* 
n8i    s*4 

3*57 !    i*9" 

5*93!     3*3* 

•51 1    4x6 

8-99,    a-4? 

6x7      47«     « 
2*18      s'95 

June   

3*1 

1*45 

2-86 

2-47 

•16 

479 

2*09 

•63 

in 
74 
7i 
323 
2*07 
199 
193 

July    

~ '    v     ••• 

August   

September .. 

October 

November  ... 
December  •.. 

1     Totals 

22XO 

24*5* 

24*10 

2  374 

2174 

2446 

"'34 1  *7'09 

421S 

4**<>3 '  S*>*    H 

ON  THE  RAINFALL  IN  THE  BRITISH  I8LES. 
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Division  XT, — West  Midland  Coubtibs  (continued). 

Argyll  (continued). 

Bhinsof 
L*lay. 

M'Arthur's 
Head. 

Tarbert, 
Stonefield. 

Oastie  Toward. 

Dunoon, 
Hafton. 

Otter  House. 

Lochgilphead, 
Kihnory. 

3  ft,  0  in. 

Oil.  4  in. 

1ft.  3  in. 

4  ft.  0  in. 

4ft.  Oin. 

Oft.  6  in. 

0  ft.  4  in. 

74  ft? 

106  ft.? 

90  ft. 

80  ft. 

40  ft. 

130  ft, 

100  ft. 

W.  j  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

18G5. 

\  1  in' 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

*V    3*3 

5-10 

7.30 

5.60 

870 

400 

5-30 

7*»5 

8*oo 

4*34 

649 

5-20 

7 '00 

iU     4-3i 

4*oo 
6*40 

5.20 

4-30 

450 

356 

420 
276 

602 

540 
366 

5*54 

4*54 

3-10 

8'io 

rti'    a-35 

5.00 

6.20 

4*45 

5-10 

8*19 

647 

2*62 

5-20 

3*<;o 

ns    i**7 

5*00 

2.00 

3.00 

»*55 

223 

lv 

3*oo 

r68 

3*39 

r5? 

3"oo 

1*70 

;6i  241 

**co 

2"8o 

3-7© 

2.20 

440 

172 

3-89 

2*09 

4*22 

»*75 

3*86 

2' IO 

4'20 

119,     70 

.70 

370 

158 

3*oi 

i'43 

5**4 

1*84 

3*99 

i*54 

3-80 

1*50 

H7     2-16 

3*0 

3.50 

4.00 

376 

3*22 

356 

486 

3*35 

4*7i 

3*74 

5*20 

4*io 

*»  4-65 

5-3o 

6.50 

3.70 

.7*45 

3,-jS 

7-20 

3-28 

8*oo 

4*73 

5-96 

3*6o 

6"oo 

i2)       -89 

S*7° 

1.70 

7.80 

2'00 

680 

416 

914 

2'o6 

779 

ns 

8-oo 

*'oo 

-;»  459 

340 

6.70 

2.80 

6*i  0 

339 

3*10 

5'24 
482 

**45 

5*9* 

3*60 

4'5o 

J 'J.   4*99 

S*oo 

6.30 

7.60 

661 

401 

8-8i 

7-30 

431 

6*50 

5 '90 

«»  1 

209 

6*oo 

5.80 

5-3o 

5*80 

436 

47* 

773 

7»5 

3-68 

5*93 

4*20 

6*70 

34*35 

60*40 

54-4° 

56.20 

5579 

46-85 

4389 

68.51 

5642 

56-14 

47*84 

53*5o 

55*20 

Kt.  XT. 

(con/.). 

Division  XVI,— Eaot  Midivakd  Counties, 



« 

AlCTLL 

Clackmaxnan. 

KlKBOftfl. 

Fife. 

Pbbtii. 

Qttr« 

D. 

Dollar. 

Loch  Leven 
Sluice.       , 

Leven 
Nookton. 

Dunblane, 
Kippenross. 

jDeanston. 

Loch  Katrine. 

1 

MIL 

0  ft  4  in. 

0  ft.  10  in. 

0  ft.  6  in. 

0  ft.  4  in. 

0  ft.  2  in. 

Oft 

6  in. 

82  it? 

170  ft. 

80  ft. 

100  ft. 

130  ft. 

83 

Oft. 

„ 

i 

1863. 

1664. '  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865.  J 

in. 

in. 

in. 

in. 

1 
in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in.      J 

3i8,    476 
l76     298 

389 

3*57 

3"io 

2'8o 

1-91 

i-33 

530 

2*90 

4*45 

276 

800 

7-20  ; 

;:?? 

279 

350 

270 

3*5 

1-83 

305 

2*50 

4*55 

295 

6'5o 

540! 

2'o6 

4*00 

1*00  ' 

2-95 

99 

480 

170 

505 

r9i 

480 

3*3<>. 

377 

'  ri6 

I '80 

I- 16 

•80 

I'OO 

•70 ' 

115 

'62 

1-05 

'55 

*-55 

99 

3-60 

1*90 

■  V9» 
360 

3'ii 
4*5 

1  4V 

i  *3 

1  99 

277 

130 

**8o> 

123 

v.\l 

1*35 

2*30 

1-58 

2*98 

175 

490 

146 

142 

•54 

2 '00 

40  1 

**35 

*75 

•05 

3*84 

46 

675 

I'lO  | 

373 

MI 

105 

240 

3-80  1 

174 

404 

3-10 

3*20 

3*85 

3-20 

3*8o 

5'°°  j 

4M 

5<>7 

•90 

5001 

i"35 

**38 

1-50 

540 
••80 

1*62 

521 

470 

7*3° 

»3* 

574 

115 

370 

'f-i 

309 

•64 

405 

446 

115 

920 

2-80 

3*3 

S'5* 

496 

6-60 

760  | 

5*44 

512 

5*5 

5-10 

4*43 

4*3 

5*00 
.  §70 

6-8o 

J« 

**43 

2-90 

3-40 

360 ' 

2-27 

3*3 

3*55 

365 

3*3° 

3*3* 

640, 

5*44 

3*94 

4'20 

3'3o  | 

3-02 

2*22 

**45 

4*20 

322 

4*60 

8*40 

9*60 

4***7 

4*7* 

366a 

36.20 

36*10 

34.IO 

2975 

»577 

38*20 

3*35 

4190 

33*75 

71*20 

6170 

812 
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Division  XVI. — East  Midland  Couicties  (cmtfinucd). 


Perth  (continued). 


FOETH. 


Height  of 

Rain-gauge 

above 

Ground  

Sea-level 


Auchterarder 
House. 


Stronvar,  Loch 
Earn  Head. 


2ft.3in. 
162  ft, 


1864.   1865. 


0  ft.  5  in. 
463  ft. 


1864.    1866, 


Trinity  Gask. 


0  ft.  1  in. 
133  ft. 


1864.    1865. 


Scone  Palace. 


2  ft.  6  in. 
80  ft.? 


1864.    1865. 


Stanley. 


Dime**. 

gomerTiDe 
Thai. 


1  ft.  0  in. 
200  ft. 


Oft. 3  in. 
240  ft. 


1864.  !  1865. 


18&t   1»C\ 


January 

|  February  .. 
|  March     

April 

May    

June  

July    

August   

September .. 

October  ..... 

November  .. 

December  .. 


in. 
3'«5 
279 

2*00 

x*29 
i-39 
239 
2-80 

3-60 
470 

3*5° 
4*5 


in. 
125 

i*45 

i -50 

•8o 

IH9 

1*25 

3-oo 

5*20' 

3*66 
570 

3*4 
4-00 


in. 
8*50 
5-80 
6-51 
3'45 

5-67 

5'45 

*'45 

10*25 

5*45 
873 
775 


in. 
8*30 

455 
293 
1 '60 
5-5» 
•85 
4*10 
6-30 
210 

5*55 
630 

13-95 


405 
3-10 
3*60 

I'20 
1*20 

2*  IO 

2*8o 

150 

475 
5*20 
3-60 
4*10 


in. 

2'10 

2-25 

I'lO 

75 

2-25 
•40 

3-60 
4*35 
•5<> 
5-40 
3'6o 
4*5 


in. 
252 
2*94 
2*56 

•9* 
159 

i-6i 

**35 
74 
2*96 
401 
318 
3*33 


in. 
i;67 
166 
108 

•53 
2-14 

•35 
5*9 
3*94 
65 
582 
270 
3*06 


y*7 
285 

2*IO 

77 
171 

2'IO 
23I 

371 

3*3 
3-05 
2-94 


**9* 

'95 

'99 

'4» 

231 

3* 
4*95 
3*67 

•5« 
4*60 

2-60 

3«5 


2-2i 

2"6c 
2-Sc 

IC7 
2*07 
a-20 
*8o 

*95 
3"8o 

59° 
3-40 
410 


HL 

IV- 


*n 


Total* 


33'5*     3*7o 


71-67 


62*11 


37-20 


3°'55 


2870 


2879 


28-60 


27-46 


%r?7;  K59 


Div.  XVIL— Nobth  Eastern  Counties  (continued). 

Div.  XVIII.— N.-Westebit  Corrra 

Aberdeen  (continued). 

MORAY. 

West  Ross. 

East  Boss. 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Castle  Newe. 

Ellon, 
dei 

Oft. 
3413 

Tilly- 

3k. 

Elgin  Insti- 
tution. 

Loch  Alshf 

Inverinate 

House. 

Cromarty. 

ArdrosCastfl 
Alms. 

1  ft.  0  in. 
915  ft. 

4  in. 
ft. 

0  ft.  6  in. 
33  ft. 

3  ft,  0  in. 
150  ft 

3ft4in. 
28  ft. 

lft\0in. 
430  ft. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864.    186$ 

January 

February    ... 

March    

April  

in. 

•82 

a#35" 

3*35 

1-24 

2«31 

*7* 

2*10 

*'47 
436 
8*30 

57o 
»77 

in. 
4*10 
391 
2*90 

•5* 
*'43 

•4" 
3-86 
3-25 

'34 
57* 
2*68 

3*24 

in. 
1-32 
3'3» 

2'20 
•    I04 
2*63 
V6l 
2*56. 
I70 
2*91 

4*35 
593 
3*33 

in. 
2*08 
3*40 
3-12 
•60 
1-32 
rc4 
378 

*'53 

-66 

4-64 

2"6o 

132 

in. 

V 

i*8o 
*35 
i'35 
2*60 
1-46 

4"'3 
124 
386 
4*88 
2*70 

2*22 

in. 
3-40 
2-27 
151 

77 
1  62 

•42 
27* 

3*5 
•80 

1'82 

2*48 
1-16 

in. 
6-20 
57o 
470 

3*45 
3*5 
560 
4-50 
430 
8  20 
3*80 
485 
775 

in. 
5*7 
185 

•93 

2-35 

.  362 

259 

7*25 
676 

653 
662 

4'47 
8*49 

in. 

•38 
3*20 
2-04 

■•58 

170 
1^08 

**33 
2-87 
4*4* 
182 

*'93 

in. 
2-61 
125 
1-02 

•56 
>73 

»5 

rlS 
183 

•80 
"34 

in.     j  in. 
*9°     4*44 
5*o6,    r9- 
411     2  93 

May    

1  25 1    » *j 
1  97      s^ 

i'9S        "4J 
167      1-6) 
171       i"H 

.     2*20        I-Cj 

776,     7H 
320  .  *•* 
3*5*!    "I 

June 

July    .*. *. 

August    

September  ... 

October 

November  ... 
December  .. 

Totals 

36-48 

33*35  \  3*'96 

27-09 

^^ 

23*11 

62-30 

5^73 

2332 

1951 

35*34    *9^ 

ON  THE  RAINFALL  IN  THB  BRITISH  ISLES. 
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Division  IX. — Yorxshikb 

1 

Yorkshiee— West  Riding. 

p^      j    Rednurea, 

TickhilL 

Weat  Melton. 

Fenistone. 

Saddleworth. 

Longwood, 
Huddersfield. 

ft  0OL 

4  ft  0  in. 

2  ft.  0  in. 

0  ft.  10  in. 

3  ft.  6  in. 

5  ft  0  in. 

4  ft  6  in. 

37  ft 

1100  ft. 

61ft. 

172  ft. 

717  ft. 

640  ft. 

609  ft. 

1   1805. 

1864. 

1865. 

1864. 

1865. 

1864. 

1866. 

1864. 

1866. 

1864. 

1866. 

1864. 

1865. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

9     235      r6i 

3'»o 

•80 

118 

70 

49 

•80 

1*59 

147 

3'93 

*'47 

2*30 

i».   213 

*v 

2*10 

1*29 

"i\ 

»79 

•96 

2*00 

166 

3*57 

3*51 

218 

i'59 

»c      '87 

rh 

136 
**88 

2*48 

2*68 

•50 

*'57 

72 

3**7 

1-37 

*'55 

77 

»     1*4 1 

2*26 

i-Si 

I'll 

152 

r67 

94 

170 

1-26 

3 

115 

114 

*    V55 

**33 

2*89 

164 

282 

"3 

2*42 

308 

3**7 

379 

2*25 

1-40 

'?    »'J5 

*'S° 

1-26 

1*38 

i-S4 

125 

*95 

I'OO 

3*5* 

142 

1*92 

1  03 

*H    1*91 

•98 

1-77 

•63 

4*3i 

•64 

2-38 

#43 

174 

1-89 

t*4o 

*9S 

2*72 

rv,   ^ 

2*23 

499 

1-62 

3'45 

r66 

3-07 

140 

398 

170 

572 

I  28 

3'H 

^i    131    2*80 

'39 

151 

•12 

»'35 

•94 

281 

•12 

421 

77 

2*67 

•29 

J7**  J*j     4'*» 

T'5 

**35 

5  02 

280 

3>* 

5*93 

676 

4-30 

5.4a 

3*3* 

5*9 

N  276     4-31 

35* 

*'J5 

2*56 

2*03 

»33 

2*91 

3-40 

432 

310 

3«4 

**94 

'•31-    78  j    n4 

I*IO 

1 '80 

'V 

1-29 

•62 

1*98 

79 

i*45 

1*20 

151 

i'57 

"!«  18-69!  3188 

3*#47 

1936 

25*26 

19*08 

20*04 

24*80 

2673 

3475 

3305 

2439 

26*08 

Division  IX. 

— Yorxshikb  (continued). 

1 
TousuAB — Wist  Biding  (continued). 

YOBKSHIBS — ElST  RlDING. 

YOBK8HIU — 

N.  Riding. 

tort 

Harrogate. 

Settle. 

Arnoliffe. 

BemlyBoad, 
Hull. 

Holme?  on 

Spalding 

Moor. 

Malton. 

ft  Pi  in. 

0  ft  6  in. 

40  ft  0  in. 

3  ft.  0  in. 

3  ft  10  in. 

3  ft.  0  in. 

1  ft.  0  in. 

toft. 

420  ft 

498  ft 

750  ft 

lift. 

30  ft. 

73  ft 

*i;ifl& 

,1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

n     1^7 

an. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

1*23      2*62 

r*7 

3-03 

4«i8 

6*oo 

•99 

!'** 

•94 

172 

1-07 

1*20 

ll     -'55 

Tt     I'Si 
71     1 91 
•36     rio 

r93 

204 

312 

3*28 

389 

3-«4 

1-01 
168 

1*48 

*'43 

179 

174 

ri3 

i'86 

2*91 

163 

298 ;     i*66 

390 

2*90 

r58 

rfiv 

1*30 

1*88 

1*75 

1*25 

1-54;     i*8o 

a'2S 
178 

150 

1*05 

77 

n.6 

1-49 

r« 

1*50 

2*63  1      2'22 

1*57'     37i 

57* 

1-32 

*'54 

3*^3 

2*56 

2*62 

271 

2*36           '90 

2-84        79 

464 

•60 

119 

1-03 

*£ 

1*10 

2*37 

•44 

'47     182 
16     $^ 

70,      I9I 

1*30 

2*82 

1*92 

279 

•46 

184 

»*53 

•93 

142 

*9      444 

2*16 

5*4 

261 

6-87 

I'll 

4*96 

r*s 

4*45 

79 

3*4* 

131      -23 

»'io        -30 

SB 

77 

670 

1*63 

2'02 

•47 

2*09 

•29 

2*I| 

3*io 

•17 

|S7     44S 

475      579 

634 
3§i 

319 

692 

2*o8 

436 

rl5 
2*83 

4'97 

443 

•45     ro6 ,    v*t 

3*43 

2*69 

563 

660 

2*12 

228 

2*10 

*'44 

33l 
128 

1 5*     106 

"i    2J*9 

\-ZT 

ri7 

»'53 

510 

2*09 

*'34 

98 

2*26 

•86 

241 

|  16-48    2770 

32*60 

35*38 

4578 

47-26 

18*27  j  *3'8o 

21*14 

25*16 

2285 

2332 

814 


KBPORT— 1866. 

SCOTLAND. 


Division  XIX. — Northern  Counties. 

SUTHBBLAND. 

CaTTHNKSS. 

Height  of 

Bain-gauge 

above 

Qround  

Sea-level 

Dunrobin 
Castle. 

House  of 
Tongue, 

0  ft.  1  in. 
83  ft. 

Cape  Wrath. 

Nonhead. 

Holburnhead, 
Thurso. 

Peatlarj 
Sterne 

0  ft.  0  in. 
6  ft. 

3  ft.  6  in. 
355  ft.? 

3ft.  4  in. 
127  ft. 

0  ft.  4  in. 
60  ft? 

T2ft. 

1864. 

1866. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864;  m 

January  

February    ... 
March......... 

in. 

'75 
4*6o 

3*35 

•70 

a'oo 

no 

*'45 
i*o8 

4'20 

383 
2*8o 
2*30 

in. 
4-30 
2*23 
2-65 

"5* 
•90 

•38 
1*84 
176 

•81 
3'6o 
1 '00 
1*07 

in. 
170 
1*70 

4'3° 
•50 

ft'OO 
2*20 
2*20 
I '20 
390 

4*60 
4*80 
3*60 

in. 

S7o 
1-90 
6*20 

1*20 

70 

30 
2*00 
I70 
I*IO 
350 
2*40 
2'20 

in. 

2'00 

4^5 
2*90 
r66 
1-49 
3-61 
270 
3*5* 
4'97 
3-06 
366 
4'47 

in. 

5'02 

2*29 
275 
171 
1-39 
X'64 
i*8o 
384 

3°5 
438 
2*72 

221 

in. 

•60 

2*92 

345 

40 

1-60 

l$l 

2*20 
2-6o 
488 

4*6 1 
i*37 

in. 
2-14 

i-44 
2-72 
•68 
•29 
**5 
19* 
•55 
'55 

218 
•4? 

in. 

'60 
4-05 

•«7 

•5* 

115 

I'OI 

•61 
•90 
1*36 
1*90 
ft"  10 
3'*7 

in. 

2-42 

*S7 
**S7 
103 

•*7 
i-»3 
1-90 
1-91 

2-21 

3*95 
3x2 

»*53 

n.     |   in. 

n-!  " 

a-tS     y 

i-oo',    1* 
i-6c,    r 
1-65 ,    r 

1-99,    "> 

»-04l    1 

r*o\  3 

4*1/    * 

April  ......... 

May    

June   ••»; 

July    

August    

September  ... 

October  

November  ... 
December  ... 

Totals  

28*16 

21*06 

437© 

28-90 

38-19 

32'8o 

27-23 

1509 

18*14 

24*91 

319*,'  M*i 

: 1 

Division  XX. — Munsteb  (continued). 

1 

Div.  XXI. — Lee^-tei 

Watbbford. 

Clare. 

KlLKXlTNT.      M     QcXETC  C\ 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Waterford. 

Portlaw. 

Killaioc. 

EnnU, 

Kilkenny. 

Portarlin^ 

4  ft.  0  in. 
60  ft. 

20  ft.  0  in. 
50  ft. 

5  ft  0  in, 
128  ft. 

2  ft.  6  in. 
35  ft. 

0  ft.  6  in. 
200  ft 

1  ft.  1  in. 
£»  ft. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

18M.    ffl 

January  ...... 

February    ... 

March ,... 

April   

in. 

375 
X77 
318 

167 
no 
173 
»*53 
3*3 
505 
4'9" 
459 

in. 
4-29 
3"7 
170 
1x0 

454 

•68 

3*62 

508 

'55 
4*07 
6*oo 

6*22 

in. 
606 
4*38 
366 

1*45 
194 
2-16 
1*28 

1*12 

377 

m 

455 

in. 
4*03 
308 
2*19 
185 

5'12 

'59 

4-40 

471 
51 
429 
875 
773 

in. 

x-88 
*'85 

X'22 
I-84 

339 
1*64 
1*63 
563 
3*23 
6*48 
290 

in. 
613 
5*1 6 

34* 

•45 

55* 

219 

.3*54 
4*34 
no 

5*o6 
4*08 

in. 
2*49 
1*96 
217 
r»8 

i#43 
2*44 

•53 
2*04 

6*02 

•10 
5"*5 
*73 

in. 

5*5 
2*90 

*45 
075 
3*57 

l*IO 

«'54 
5* 

3*62 
5**o 
37* 

in, 
379 
83 

2*4* 

i*95 

2*11 
2*32 

75 

331 

373 
446 
562 
389 

in. 

4-i8 
213 
•94 

3r 
•87 
2*68 

33* 

'88 
3**9 

246 

in.     '  in. 
3*97 1    4*>i 
115     54 
374      U 

2-0X        I  21 

May 

3*iS     4'5j 
2*12      l^i 

June    ......... 

July 

79     5^ 
**50|    5:i 
**3       '51 
5*7     5*1 

4'5'i   *:j 

August    

September  ... 

October  

November  ... 
"December    ... 

tola 

34>6 

41*02 

4027 

47**5 

35^4 

4604 

28*44 

3*11 

35l8 

30*43  J  41*45:  43^ 

ON  THE  RAINFALL  IN  THE  BRITISH  I8LE8.  815 
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Division  XIX. — Nohthbmt  Counties  (contin 

ued). 

DiT.  XX.- 

-MUNSTRR. 

Onawr. 

SHETLAND. 

Cork. 

Kerry. 

bur  Castle. 

Bandwick 
Lawn. 

Sumburghead. 

Breesay 
Manse. 

East  Yell. 

Cork,  Queen's 
College. 

"Valencia* 

ft.  3  in. 

2  ft.  0  in. 

3  ft.  4  in. 

0  ft.  9  in. 

3  ft.  0  in.  • 

6  ft.  0  in. 

2  ft  0  in. 

50  ft. 

78  a 

265  ft.? 

12  ft. 

170  ft. 

65  ft. 

30  ft. 

"4.j  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

.    1  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in.     1 

10!     **55 

1*37 

4*08 

;:it 

2*67 

270 

4*80 

2*88 

6'oo 

4-07 

4*22 

289 

802; 

no  I     i  -90 

578 

3-40 

1*96 

4*00 

4*20 

3*  10 

1*90 
4*88 

v6j 

3*00 

37-! 

|xo      »*xo 

2*69 

474 

•99 

244 

3'2o 

2*60 

7.76 

3**4 

3*82 

396 

419 

no      i-io 

1*3 

**47 

1-38 

•91 

1*70 

2*00 

1-85 

*'47 

177 

**54 

»*55 

17*  , 

Ho'     115 

1*88 

190 

ro5 

I'OI 

2*80 

i*6o 

"74 

i-68 

**44 

4.36 

251 

3-54, 

n*    107 

1-90 

142 

162 

•58 

2*00 

•50 

3**9 

1  '04 

2*O0 

•66 

492 

1-31 

»»■,    i-io 

163 

"'55 

1-93 

1-24 

3*40 

2*40 

2'8o 

1-86 

•70 

3*35 

144 

4*35 

■■•*■,  320 

**6o 

266 

2-39 

1-91 

3-50 

2*20 

3*60 

3'34 

1-87 

4'39 

3*44 

6-17 

:<o     160 

369 

228 

197 

i"75 

3*20 

1"90 

*"35 

1-98 

277 

•«5 

•5-32 

41 1 1 

f"    428 

366 

485 

2*27 

roi 

450 

2*20 

5*09 

4*32 

0*94 

4*8  X 

H9 

272 

8-6o' 

jw,    a*jo 

469 

3-07 

3*37 

2#72 

6*50 

4' 10 

4'35 

578 

684 

8*04 

908  ! 
6-30 ; 

3*55      190 

4*  16 

279 

3"5« 

2'27 

5-50 

3*6o 

3'6o 

2-18 

3-43 

6*69 

5*39 

1*75   »5'45 

J  33**« 

34-ai 

23-90 

20-47 

43*00 

32MO 

42-31 

38*09 

34*61 

4301 

47*62 

5909  j 

Division  XXI, — Leifsteb  (continued). 

J)iv.  XXII. 

COWNAUOHT. 

Ktsos  Co. 

1 

WlCKLOW. 

Dublin. 

Galway. 

IfinCistta, 
Psnonstown. 

Tullamofe. 

Brar.Faasaroe. 

Black  Book. 

Dublin. 

Qlasnevin. 

Gort, 
CreggPark. 

0ft3in. 

3  ft.  Oin. 

5  ft.  Oin. 

29  ft.  0  in. 

18  ft.  0  in. 

6  ft.  6  in. 

3  ft.  0  in. 

2>X)ft. 

235  ft. 

250  ft. 

95  ft 

42  ft. 

66  ft. 

120  ft. 

in.     1 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

181     388 

178 

£3 

309 

4-03 

*-83 

318 

*'45 

2*29 

« '45 

149 

2*23 

4*3 

•68!    r71 

71 

1*22 

4*9 

89 

2*19 

117 

2-68 

103 

179 

1*98 

3'38 

r64l    r8o 

241 

1*98 

412 

.•83 

3-03 

i-ai 

35- 

i'94 

2-58 

115 

3*10 

2*58 

ri7J    roc 

rtsl  369 

113 

•72 

•46 

r85 

•58 

r6i 

1-20 

150 

73 

i-io 

i'35 

1  32 

115 

% 

163 

481 

178 

289 

1*70 

39* 

»*59 

3*12 

2*07 

3*44 

v»s 

•«$ 

253 

79 

1-26 

47 

*35 

70 

114 

75 

*45 

-75 

■ll 

3«9 

"*! 

218 

•41 

4'4* 

'59 

271 

1*06 

3*62 

•87 

203 

IJ7 

566 

1  173 

*|2 

r56 

299 

rS8 

446 

•*47 

4'3* 

>*35 

*'84 

•92 

3*95 

2*02 

4'»5 

VU1     -48 

3*7 

366 

**OI 

6*00 

165 

•02 

2*46 

•11 

J'59 

03 

5'50 

•97 

■  5*751   4*03 

y9i 
3*20 

7**4 

*'44 

4"3 

5*5 

374 

6J* 

3'35 

3**9 

2-89 

4*07,    4'M 

387 

5-62 

401 

378 

♦*6Z 

3-09 

385 

271 

6'5I 
2*18 

371 

1-14 

"7*04 

1    3*9 

168 

**47 

3*  10 

4*5 

2'20 

3-2$ 

3-i8 

2*80 

2*07 

287 

4*35 

3**90 

23-98 

26*92 

31*66 

42*21 

*573 

29*80 

2975 

29*23 

2395 

*434 

33'89 

38-43 

806 


KKFOBT— - 1866. 

ENGLAND  AND  WALES. 


Division  XI. 

— MONMOUTB 

[,  Wales,  akd  the  Islahds. 

Monmouth. 

Glamorgan. 

Cakmiitiix 

Height  of 

Rain-gauge 

above 

Ground  

Sea-level 

Aberoarn* 

Bl&ina, 
Tredegar. 

Abergavenny. 

Swansea, 

YsUlyfera- 

Cvnaifen 

1ft  3  in. 
460  ft. 

Oft  9 in. 

1100  ft, 

1  ft  3  in. 

16  it  0  in. 
30  ft 

lftOin. 
368ft 

Oft  Sin. 

78ft. 

1664. 

I860. 

1664. 

1866. 

1664. 

1866. 

1864. 

1666. 

1664. 

1865. 

1664. !  186? 

January  

February    ... 

March    

April 

in. 

453 
258 
4-27 
•50 
r36 
311 
128 
2-05 
6*04 
3.76 
7-64 
3*33 

in. 
5'8o 

2*2 1 

1*76 

*i 

4-28 
131 

3^3 
4-82 

*22 

10*51 
579 
5-39 

in. 

4-59 
2-46 

3-«3 
i*53 
94 
2-89 
1-38 

628 
3-»3 
7*5 
2-95 

in. 
475 
4-46 
176 

'6l 
408 

232 

3-34 
617 

•22 

7-89 

6-13 
428 

in. 

2'f 
1*07 

328 

1 10 

•94 

1*40 

•49 
141 
2-95 
278 
6*44 

2*20 

in, 
3*35 
313 

•69 
3-19 

»*53 
*53 

379 

•01 

6*90 

5*47 
3*66 

in, 

2*22 

178 

a70 
1 '20 
174 
77 
1*69 

47o 
185 
350 
2-48 

in. 

3*47 
252 

»74 
249 
a-59 
2*06 
3-10 
3"6i 
•11 
5'47 
374 
2-15 

in. 
434 
3*13 
3'53 
"34 
r68 

4-06 
2-27 
395 
7-»3 
251 
6-6o 
370 

in. 

7-04 

4*91 
•V96 

*74 
7*5 
»-56 
5-88 
7-22 

1*12 
7*6o 

7'9* 
5*55 

in.     ,'  in. 

1    1^,   4** 
1    r«4|   *7« 
!    n»i   i'5* 

May    

1    1-I21   5*ri 

June  

3791   «*5 

j-ilj  w 
«'94       5 

4*91    *'• 

3*67 1  rr 

July    

"    J    * 

August   

September... 

October 

November  ... 
December  ... 

Totals 

40-45 

4575 

40*12 

46-07 

27*18 

3576 

*474 

33-05 

44*94 

61*69 

MSW 

Division  ;KL — Monmouth,  Walks,  and  thb  Island*  (continued). 


Flint. 


1      Denbigh. 


Height  of 

Bain-gauge 

above 

Ground 

Sea-level 


January.... 
February  . 
March    .... 

April 

May    

June  

July    

August  .... 
September . 
October  .... 
November  . 
December  . 


Totals  . 


Ha  warden. 


1  ft.  0  in. 
2G0ft. 


1864. 


in. 
i-ii 
»*35 
3'3i 
162 
2-31 
165 
•67 
132 
2*13 
2*69 

2-IO 

i*39 


1866. 


in. 
i*95 
»75 
1*54 
73 
2-83 

1*22 
119 

4*37 

•11 

3-07 

2*36 

•84 


Maes-y-dre. 


Llandudno. 


5  ft.  0  in. 
400  ft 


1864. 


in. 
•22 

•*5 
2-35 
158 
1*90 

2-03 

l'OI 

1-67 
303 
3-03 
240 
172 


21-67    21*96  (  21*19 


1866. 


in. 

**35! 

•68! 
1*36 

•80 
2*70 
i*ii 
2-13 
3-16 

•23! 

3"43, 
2-16 

i-ii ! 


0  ft.  6  in. 
99  ft 


1864. 


21*22 


in. 
2*19 
•92 
3'oi 
171 
2*67 
181 

99 
2-49 
2*09 
251 
361 
"35 


*5*35 


1866. 


243 
151 
»#34 
74 
318 
181 
r46 
568 

4*95 
3*20 
r68 


MJKIUONETn. 


Talgarth  Hall, 


1  ft.  0  in. 
160?  ft. 


Brithdin, 
DolgeUy. 


lft  0  in, 

600  ft 


1864. 


in. 

4''3 
2*90 

3*45 
3*37 
3*93 
979 
295 

3-»7 
7-24 
2-64 
5'39 
335 


28-11  j  53*01 


1866. 


43*3* 


1864.    18G6.    1#4.  J 


535 

472 

477 

3-98 

4*37 

370 

1*36 

131 

53o 

1-36 

298 

3*62 

370 

1-50 

5-92 

271 

1-50 

582 

162 

3*5 

5*5 

6-53 

1*20 

*73 

41-23 
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Division  XI. 

— Monkotjth,  Walks,  akd  the  Islands 

(continued). 

LIMUTHEV 

vntinutd). 

Pembrokb. 

Cardigan. 

Bbsckxock. 

Radnor. 

KhjdwoL 

Pembroke 
Dock. 

Haverford-  , 
west.        | 

Lampeter. 

Frongoch.    1 

Pen-y-Maes. 

Cemiaes, 
Rhayader. 

I  ft.  0  in. 

!    4ft.  0  in. 

2  ft.  0  in.     ! 

5  ft.  0  in. 

4  ft  0.  in.     1 

1  ft.  0  in. 

2  ft.  0  in. 

iJOft. 

J        30ft. 

60ft.        i 

420  ft. 

855  ft. 

400  ft. 

880  ft. 

U  i  1865. 

1  1864. 
in. 

1865. 

1864. 

1865.; 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

n.       in. 

in. 

in. 

in.      J 

in. 

in. 

in. 

1 
in. 

in. 

in. 

in. 

in. 

joo     471 

:  5*60 

454 

S'}*> 

4*5<>; 

3*59 

4*57 

48* 

458 

1     1-41 

183 

270 

6*oo 

ix8     352 

ri2 

474 

188 

437, 

«'49 

3-52 

75 

413 

i-oi 

3*3° 

332 

250 

rto     3-19 

33i 

268 

215 

3'H 

2*08 

240 

2-67 

2-59 

1*60 

140 

3-67 

1 '47 

124     160 

1       I'Ol 

K 

115 

228 

118 

•26 

3H 

J'34 

95 

•88 

V5? 

i-oo 

m    432 

136 

140 

575, 

217 

5*44 

258 

368 

1-57 

389 

''So. 

5*9 

»si    118 

295 

1  01 

271 

lV\ 

3-8o| 

2*92 

1-42 

2-84 

»75 

140 

'•45 

2-38 

1 '40 

*H    3*9 

'54 

304 

2*90 

113 

3*20 

*'43 

382 

•<>7 

2*09 

1       i'20 

4-00 

v*    5V  | 

1     i*5° 

5'3i 

2*05 

5*5 , 

•81 

6*32 

3*85 

5'56 

'59 

400 

I7O 

464 

yji     -47 

4*4° 

*3« 

5*53 

•43, 

648 

•31 

446 

i"4* 

5i4 

•00 

6-xo 

'»5 

i15  *!t 

3'5«> 

6- 50 

340 

791; 

371 

5*7 

3'3» 

5*97 

3*92 

5-29 

I75 

6*90 

7*00 

**i  5-86 ! 

1    ♦'" 

540 

565 

764 

4'33 

6-o8 

450 

476 

2-82 

4-46 

4-84 

3'W    308 

1     5-40 

334 

612 

4'47 

2-69 

3*60 

185 

2'20 

2*40 

2*30 

309 

W  4333 

;  36  91 

42-64 

40-06 

5077 

3258 

4*39 

3720 

4374 

23'28 

3099 

37-02 

41-48 

Division  XI.- 

— Monmouth,  Waxes,  and  the  Islands 

(continued). 

CiWCAITOS 
\tontinuti),  ' 

Islk  of  Man. 

ChAJCNSL  ISLAlfDS. 

lianfairfe.    - 
dan. 

Calf  of  Han. 
0  ft.  10  in. 

Douglas. 

Point  of  Ayr. 

Guernsey. 

Millbrook, 
Jersey. 

Gorey, 
Jersey. 

Oft.  8  in. 

0  ft.  6  in. 

3  ft.  4  in. 

12  ft.  0  in. 

0  ft.  6  in. 

0  ft.  6  in. 

150  ft. 

325 

?ft. 

27  ft.? 

204  ft. 

50  ft. 

90  ft. 

— ^_ 

KW-J18G5. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

18(H. 

1865. 

m-      in. 

!  in. 

in. 

in. 

in. 

in. 

in. 

1   in. 

in. 

in. 

in. 

in. 

in. 

r,9!    yH       222 

202 

440 

440 

2*14      278 

251 

777 

177 

700      154 

578 

1  50      2'6 1  '        1-22 

211 

1*40      4*io 

131  1    2-55 

206 

421 

2-30 

3-31      249 

3*39 

£     r"      4'44 

roi 

5'8o      2'8o 

S'44!     1  "45 

469 

286 

356 

335 1    3°8 

2*23 

1 3'      '84 

1    2*21 

:53 

2*70 

•70 

1  50        -24 
165      3-39 

t 

2*04 

73 

a'os  1      *54 

2*O0 

»i7     5*5 

1    1 08 

2*91 

1*20 

3-80 

2*69 

1*37 

2*88 ,      -99 

*3° 

*39     1*93 

;   i*86 

•85 

1*90 

-80 

x'26 

•63 

249 
i*o8 

44 

165 

1-51       149        -97 

!?'    2'55 

1      75 

i*54 

•90 

1-20 

132 

I'Ol 

216 

2*19        -82'       *i6 

l89,   4*04        'Si 

218 

2*60 

270         1*36 

3-88 

1     *"57 

346 

2-63 

i'95  !    **55 

1-52 

fjj  1     '37      *4* 
\*.1   4I°.     *'99 

•36 

4-40 

70'     4-01 

•53 

1    433 

•25 

3*54 

'93      3" 

•82 

2-85 

35° 

4-30    287 

409 

150 

9-05 

•95 

7'47       n6 

652 

?8     429 

2-89 

317 

490 

4*  60 

299 

384 

700 

649 

4'5* 

348 1     3*64 

2*8o 

^i,    r66 

!   214 

276 

390 

370 

229 

276 

2*65 

'"93 

'•95 

292 1     1-33      2-88 

llr39l  33'«o 

:  *5-°7 

22-29 

3760 

3380 

28*12 

27-15 

3266 

43*35 

*5'95 

39'°4 

22-8s    2937 

308 
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-18G6. 

SCOTLAND. 


Channel  I*hAXDB(continued). 


Div.  XI. — (continued). 


Height  of 

Bain-gauge 

abore 

Ground 

Sea-level 


January... 
February 
March  .... 

April  

May   

June  

July    

August  ... 
September 
October  ... 
November 
December 

Totals  ... 


Alderney. 


10ft.0in. 
48  ft. 


1864. 


in. 
ri7 
1*66 
282 

I'02 
76 
'43 

1*62 

6-8 1 
•86 

2*01 


20*56 


1865. 


in. 
359 

2*22 
1*68 
r76 

i-86 
268 
152 

195 

•02 

7*34 
369 
2*26 


30-57 


Division  XII. — Southsbh  Coustees. 


WlOTO!t.        ! 


Stranraer, 
S.  Cairn. 


Oft.  4 in. 
209  ft 


1864.  '  1865. 


in. 

470 

565 

3»20 

165 
330 

2'6o 

540 

*75 

4'20 

2*50 


4*45 


in. 
430 

4-iS 
3*20 

•80 

455 
1 '20 

3«S 
3*60 

!'4° 

6'20 

3'6o 


41-30 


Kjekcidbbioht. 


Dt0tu«. 


Little  Boss. 


3ft.  Sin. 
130  ft. 


CastleDouglas,. 
Slogarie.     I 


Cargen.       j  Dramlinng- 


0  ft.  6  in.     |    0  ft.  3  in.     i 
800ft.       I        80  ft        ; 


OfUia. 
Will 


1864.    1865. 1  1864. 


in.     I   in. 


1-50 
126 


.3*9*  I 
1-96, 
125 
114 
•78 
1-27 
3*77 
3*34 
312 
328 


2659 


194! 

305j 

•86 

"44 

a"94l 

•61  j 

"'59 
r84l 
73 
549 
3*02 

273 


25-24 


in. 
8*51 
348 
651 
278 
2*29 

4*79 
294 

3*"7 
850 
5**7 
7-«7 
994 


I860.    1864. :  1865. 


I 


65"95 


7*00 

45° 

279 

•80 

714 
•80 

4*75 
5-84 
2 '20 
<-45 
7"3* 
8-19 


577* 


m. 
378 
*77 
388 
1*40 
i"4* 
3*41 
2*29 

J'44 
621 

4*9* 

470 
390 


40*12 


41a 
2*96 
149 

7i 
6  66 

'5\ 
*75  I 

498 
118 

S* 

4Tt 

S-o» 


1664. 

l^ 

in. 

in. 

4* 

40 

3-co 

*7< 

4-od 

roc 

2'IC 

*7> 

rjo 

6J2 

310 

•c< 

230 

1-' 

no 

H1 

7*00 

'9 

4"*>. 

1'9 

4-60' 

j* 

4<o 

M: 

4119  .  4*'00  3M 


Div.  XIII. — Souther*  Counties  cant. 

1 

DW.  XIV. — South-Westbhk  Cothtib. 

Edinburgh  (continued). 

Lanark. 

Height  of 

Bain-gauge 

abore 

Ground  

Sea-level 

Inveresk. 

Edinburgh, 
Charlotte-sq. 

Douglas  Castle 
Newmains. 

Auchinraith. 

Glasgow 
Observatory. 

BaaiirtUfL 

2  ft.  0  in. 
60  ft. 

0  ft.  6  in. 
230  ft. 

Oft.  2  in. 
783  ft. 

4  ft.  2  in. 
150  ft. 

0  ft.  3  in. 
200  ft. 

OltSia 
230  ft. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. !  1865. 

MStVl» 

January 

February    ... 
March  ........ 

April 

in. 

2*36 
2*66 

I'2I 
2-31 

2-17 
i*6i 
"95 
344 
806 
2*27 
179 

in. 
3*20 
1*09 
1*06 

•S« 
4-55 

•32 

3'*5 

4'55 

•60 

4*99 
2*26 
133 

in. 
125 
214 
3-io 
i-i6 
213 

I '20 

2-15 

•80 

3'4° 
6-90 

179 

2-07 

in. 
2*29 
170 

99 
•30 

3*5 
•41 

3*20 

3-41 
•55 

\t 

i'59 

in. 

5-80 
4-42 

6*75 
2*05 
1*69 

395 

.2-97 

I*20 
2*42 

5  01 
378 

in. 
675 
382 
2*06 

•56 

5*37 

'37 

3-30 

430 

•44 
2-58 

3n 

374 

in. 
2-05 
215 
365 
i*45 
i"35 
1-85 
270 
"95 
3'85 
355 
2-20 
1 '60 

in. 
162 

!'55 

1-40 

•35 
3*60 

2-36 
4-30 

•63 
338 
*'34 

2*30 

iD-6 
365 

393 

409 

2-23 

151 

3*37 

in. 

426 

179 

2 '06 

85 

in.      vl 
33*     3*5 
39»    »]|, 

ro9,   ri3 

May  

351      171     5*05 

June  

•64 

2-99 .     *»3 

July  

325      2*40 

4*07,    3'5° 

"v    

August   

September... 

October 

November  ... 
->ber  ... 

?*9 
420 
3*17 

3J9 
267 

593 

1-27 

469 

3*43 
454 

i'33 '   T« 
5-63     1* 
571'    4«J 

3?"   n1 

280     3T- 

.... 

30'02 

2778 

28*09 

23-65 

44*88 

36-42 

*7*35 

2428 

37'i5 

35*37 

4171 '  J«<H 
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Division  XIII. — South-Eastekn  Counties. 

kwmta 

nwtined). 

SELKIRK. 

Peebles.     | 

Bekwick. 

Haddington. 

Edinburgh. 

Blockhead. 

Selkirk 
Bowhill. 

Penicuick  N.  1 
Esk  Reservoir.1 

Thirlestane 
Castle. 

Tester. 

East  Linton. 

Glencorse. 

ft.  4  in. 
1330  ft. 

4  ft.  0  in. 
537  ft. 

0  ft.  6  in. 
1150  ft 

0  ft.  3  in. 
558  ft 

1  ft.  0  in. 
420  ft. 

0  ft.  3  in. 
90  ft 

0  ft.  6  in. 
787  ft 

W.    1865. 

1864. 

1865. 

1864. 

1865.. 

1864. 

1'865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

i     in. 
;n    5-36 
M    384 

J77     197 
•"97       7* 
rn    6-45 
4fy      60 
V79    *oo 
*H   V38 

y»8  1-46 

f  *  474 
6:j  593 

J"K  10*42 

in. 
r58 
173 
5*33 

77 
**35 

2*10 
1-30 

•88 
3*49 
5»5 
3-26 

278 

in. 
277 
*'57 

•631 

3-17! 

I*IO| 

2*131 
3*3  1 

590 
3'33! 
306  | 

in. 
2*40 

»'55 
4-40 
1*05 
1*90 

*45 
2*30 
1*05 
398 
7*95 
**95 
3*00 

in.     ! 

S'.lS 
i'6o 

1 '20 

'45 
430 

70 
4'65: 

I'OO 

7*60 
3*10 ' 
2-60  ■ 

in. 

2*00 

a'45 

3'5o 

•80 

2' 60 

no 
1*70 

l'OO 

3-85 

685 

3*20 

270 

in. 
1*90 . 
1*30  i 
130 

•90 
3*20 

•10 
2*10 

3-90 

•90 

770 

2'20 

2*30 

in. 

i'45 
2-30 

2-25 

•85 
215 

•95 
90 

i*6o 
2-90 
n*6o 
4*°S 
315 

in. 

3-60 
1 '40 
125 
125 

5i5 
185 

270 

310 

125 

905 

2*90 

2'6o 

in. 

'9* 
243 
316 

70 
1-90 

-*43 
182 
118 
2*48 
1043 
i*95 
'•53 

in. 
215 
56 
•81 

78 
5-27 

*5 

307 
228 

V 

589 

I  "20 
•96 

in. 

2"20 

3*10 
4-05 
•90 
1*90 
1*45 

2*20 

3*6o 
9*9° 

3'20 

2*65 

in. 
3-65 
»7S 
"'55 

•40 
6*05 
••40 
340 
450 

70 

655 

2*95 
270 

fM;   52-87 

1  2882 

28*69 

35'98 

3670 

3'75 

28*8o 

3415 

36*10 

2992 

2387 

3580 

3460 

Division  XIV. — South- Western  Counties  (continued). 

S°**muety  j 

Ate. 

Renfrew. 

*otu,HiU  1 
^Houae. 

Girvan. 

Ayr,  Achen- 
drane  House. 

Mansfield, 
Largs. 

Nither  Place, 
Mearns. 

Paisley  Stan- 
ley Reservoir. 

1 
Greenock.    1 

<Min.    1 

0  ft.  6  in. 
15  ft. 

2  ft.  3  in. 
94  ft. 

0  ft.  6  in. 
30  ft 

0  ft.  5  in. 
350  ft. 

0  ft.  6  in.     1 
50  ft. 

620  ft.      , 

100  ft. 

•**•  1865.1 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1804. 

1865. 

1864. 

1865. 

1864. 

1866.  [ 

XTL    :  in. 

Z\  •:» 

"        53 

ni       *4] 
r40 ,    3-04 

*  •» 

3"    r67 

r^i   4*58 
4-Hj    1* 
JV    4io 
Vl3     2-61 
^9-    r9o 

in. 

4'5o 
250 
720 
2*60 
••40 
3*5o 
3'oo 
2*10 
S-oo 
320 
5'5o 
,    .15 

in. 
6*70 
350 
280 

•50 

4*20 

X'20 

2*50 

4-30 

i-io 

510 
496 

480 

in. 
2*40 
265 

4*95 
205 
2*03 

**33 
2*32 
1 '80 
5-80 

3*4 
402 
322 

in. 
374 
*73 

2*20 

67 
406 
1*28 
I-9I 
482 
Il6 

3*10 
2*88 
251 

in. 
4*20 
4*20 

390 

3*3° 

2*20 
2*00 

3x0 
2*30 
5*60 
2*60 
5-50 
310 

in. 
5*20 
3*00 
2*40 
70 
2*70 

I'CO 
2*80 

7*20 

190 

470 

3*60 
4*60 

in. 

5'52 
438 

812 

213 

I*CO 

4*50 
3*00 
2*50 
625 
|     5'62 
4-15 
4*50 

in. 
375 
*75 
238 

1*12 

3*00 

113 

2*25 

5*5° 

2'00 

512 

413 

5*5 

in. 
4*io 
3*60 
5*60 
2*60 
1*20 

3*3© 
2*70 
1*40 

5SO 
350 
3  20 
310 

in. 

440 

338 

2*07 

"II 

3*60 

65 
2*68 

4*35 
123 
4*60 
4*1 0 
500 

in. 
6*37 
577 
6*37 
3*oo' 

»"93 
03 
3*33 
197 
7*60 

*"93 
683 

5*47 

in. 
6*8o; 

4*4© 
2*83 
1  30 
3*88 

264 
6  77 

170 
6401 
465  ' 
711 

31*10 '  H.,g 

i  4H5 

4166 

36*80 

31*06 

42*80 

3980 

5*75 

3838  j  3980 

3663 

558o 

4943 

310 


REPORT— 1866: 

SCOTLAND. 


Division  XV.— West  Midlaot. 


DuXflAftTO*. 


Height  of 

Rain-gauge 

above 

Ground 

Sea-level 


January .. 
February 
March 

April  

May    

June   

July    

August 

September  .. 

October  

November  .. 
December  .. 


Balloch 
Caatle. 


Oft.  4  in. 
91ft. 


Arddarock, 
Loch  Long. 


1  ft.  0  in. 
80  ft. 


Bnxuvo. 


BCTB. 


Stirling, 
Polmaise. 


Oft  1  in. 
12  ft 


1864.    1865. 


Totals 


in. 
5*26 

5'4 
6-36 

364 
r63 
4*29 
316 
2-42 
636 

357 

483 
3-21 


in, 
468 

4#4' 

2*50 

•96 

3H 
ri6 

3*26 
704 
194 
5-92 

4i7 

5*02 


49-87 1  45*20 


1864.  18  65.  „  1864.    1865. 


in. 
7-05 
695 
790 

355 

1-89 

5*47 
481 
2*98 

11*22 
431 

859 
5*88 


70*60 


in.  ' 
5-82  1 
6*84 
391  I 
1741 
4*35 
135  I 

4'5°i 
6-86 

2*63 

9*12 

5*61 
8c6 


6079 


4-50 
3*80 
3*8o 
r8o 
150 
3*20 
3*co 
150 
4-30 
3*00 
3*00 
2*60 


36*00 


in. 

2*80 

4' 80 

170 

•60 

2*20 
•20 

3*oo 
4*20 
•70 
470 
3*00 
470 


Ben  Lomond. 


0ft6in. 
1800  ft 


1864.    1865. 


32*60 


1 1980 

270 
140 
990 

2*CO 

6;oo 
11*00 
4*40 
8-90 
800 


7410 


in. 

f5*4° 
l3"«o 
^1*90 

810 
•60 

7'8o 

I2'I0|j 
2'90 
580 
6lO 

1 1 '80 


Pladd*. 


A*' 

Bens 


3  ft.  3  in.       J  ft.  4 
55  ft?  75  ft. 


1864.    1865.    18H.  1 


in. 
**oi 
i-8o 
3*6o 
1  92 

85 
192 
1*26 

•"39 
3*20 

«74 

2*OI 

-■•si 


3*55 
2-81 
V14 
•48 
2*29 
1.14 
176 
»"I7 

112 

4*H 
3-«7 
J'39 


lU 

ir 
2* 
nl 

4*4* 
160 
4* 
3*4 


6720     *3«53  J  16*95    jftf  ♦ 


Division  XV. — West  Midland  Cototies  \continued). 


Argyll  {continued). 


I 


Height  of 

Bain -gauge 

above 

Ground 

Sea-level 


January  

February    .. 

March     

April 

May    

June  

July 

August   

September  ., 
October  ..... 
November  . 
December  . 


Fladda, 


0  ft.  6  in. 
20  ft.? 


1864. 


Totals 6230 


4*  80 
3-90 
5*80 

5 'CO 

2*30 
5'5o 
3-10 

6*2  o 

860 
2*70 
8*io 
6*30 


1865. 


Inverary 
Castle. 


Oban. 


0  ft.  0  in. 
30  ft. 


in. 
5*80 
4*50 
5*30 
3*80 
4*  60 
3*20 
5*10 
8*90 
2*60 
7*40 
8*20 
8*80 

68*20 


1864. 


in. 
6*oo 
4*00 
3*00 
4*00 
1-50 
3*00 
4-00 

3'5o 
4-50 
4*00 
6'oo 
4*00 

47*5° 


1865. 


in. 
1*50 

2'00 

3*00 
2*50 
3*00 
1*50 
3*00 
6*oo 
2*00 
5*00 
3§oo 
7*60 

40*10 


0  ft.  4  in. 
10  ft. 

1864.  '  1865. 


in. 
5-80 
37o 
5*5 
370 
2-35 
470 

395 

3'8o 

11  08 

335 

675 
800 

6243 


in. 
820 
4*10 
3*oo 
2'6o 
395 
»'35 
3*55 
635 
370 

5*60 
7*10 

54*5 


Lismore. 


3  ft.  4  in. 
37  ft. 


1664. 


in. 
3'88 

3'J2 

389 
3*06 
298 
4|3 
3*«3 
3'*5 

10'2I 
363 
471 

533 
52*12 


1865. 


in. 

4*91 
2*90 

318 

2*02 
3*10 
1*70 

35* 
432 
184 
3*10 
411 
5*41 

40.11 


Hynish. 


!   W>1 

OfV.4 

1      U? 


1864.  !  1865.    I#   *• 


in.     ,  in.     I 

7-881  9*67!  630  1 

6-42)  io*66j  6"3" 

9-84  6-17  5  55 

5-90'    — 
239 

4*5* 
68c 

354 
5*41 
9*ie 
9*20 


5,5 
248 

248 
392 

»3*99 
4*49 
616 

io*8o 


784* 


7670 


1045 
MS 
5*5 
15*3= 
55- 

9*> 


»5  55 
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Division  XV, — West  Midland  Counties  (continued). 


Argyll  (continued). 


thins  of 
Usy. 

M'Arthur'g 
Head. 

Tarbert, 
Stonefield. 

Castle  Toward. 

Dunoon, 
Hafton. 

Otter  House. 

Lochgilphead, 
Kihnory. 

ft,  0  in. 

0  ft.  4  in. 

1ft.  3  in. 

4  ft.  0  in. 

4  ft.  0  in. 

Oft.  6  in. 

0  ft.  4  in. 

74  ft.? 

106  ft? 

Wft. 

80  ft. 

40  ft. 

130  ft. 

100  ft. 

4.  (  1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

ft      3*3 

5-10 

7.30 

5.60 

870 

8 

5-30 

7'-5 

8-oo 

434 

6-49 

520 

7"oo 

W    4'3» 

6*40 

52© 

4-3Q 

4'So 

429 

6*02 

5*40 

5*54 

4"54 

3*10 

8"io 

1*!    *-*5 

S-oo 

6.20 

4*45 

S-xo 

276 

8*19 

3-66 

6-47 

2*62 

5-20 

3--o 

35      1*7 

5*00 

2.00 

3.00 

i'55 

223 

lV 

3*oo 

i'68 

3*39 

r5? 

3*oo 

r7o 

T^     241 

a-5o 
2*80 

3.70 

a.20 

4-40 

172 

3-89 

2*09 

4*22 

-75 

3*86 

2*  IO 

4*20 

■  »9       7o 

.70 

3.70 

r58 

3-01 

1*43 

5^4 

1*84 

3'99 

-'54 

3'8o 

i'5o 

iV     2*x6 

3»ao 

3.50 

4.00 

376 

322 

3-5^ 

4*86 

335 

4*7' 

374 

5-20 

4'io 

l*    V«S 

5-30 

6.50 

3.70 

.7*45 

27$ 

7-20 

3*28 

8-00 

4*73 

5-96 

3*60 

6#oo 

4*3      *9 

870 

1.70 

7.80 

2*00 

680 

»*34 

9'H 

2*06 

779 

ns 

8'oo 

2'00 

-j»'  4'59 

3-40 

6.70 

2.80 

5-50 

3"39 

416 

3'io 

S"l4 
4*22 

**45 

5*9- 

3'6o 

4-50 

3 'J     4*99 

8*oo 

6.30 

7.60 

6*io 

661 

401 

8-8x 

7-30 

4'3" 

6*50 

5*90 

2  'J     2-09 

6-00 

5.80 

530 

5*80 

4-36 

47* 

773 

7*5 

3*68 

5*93 

4*20 

670 

'V    34*35 

60*40 

544o 

56.20 

5579 

4685 

43'89 

68.51 

5642 

56-14 

47*84 

53-50 

55*20  | 

ir.XY. 
font.). 


Division  XVI. — East  Midland  Counties, 


AjtGTU. 


Clackmannan. 


nlnamur- 
cbaa. 


Dollar. 


ift-Oin. 
S2fc> 


0  ft.  4  in. 
170  ft. 


*4   1865. 


1864.    I860. 


1761 
T97' 
377 
216 

rj8 

3601 
*44 
Hi 

4*5j 
4V 


476 
298 

303 
rSo 

3-3 
146 

373 
4"*4 
232 

3'3 

» 


**'7   40*7« 


s;*9 

3*61 
l  16 
199 

242 

rll 

574 
S-5* 
»43 
544 

366a 


in. 

357 
*79 
»'o6 

•80 
*77 

•54 

567 
115 
496 

a'90 
3'94 

36.20 


Kihbom. 


Loch  Leven 
Sluice. 


0  ft.  10  in. 


1861.    1865. 


in. 
3*10 
3"5o 
400 
1  00 
1-30 

2'00 
2*40 

•90 
370 
6-60 
3*40 
4*0 

36'IO 


in. 
a-8o 

270  ! 

I'OO  I 

70, 

i-8o 

3'8o 
500 
•40 
7*60 
3"6o 
3*3° 

34.10 


Fife,        j 


Leyen 
Nookton. 


0  ft.  6  in. 
80  ft. 


1864.    1865. 


in. 
1-91 

3"*5 
295 
115 
1*23 
*'35 
174 
-'35 
309 

5*44 

2-27 
302 

2975 


1*33 
I-»3 

•62 
299 

•38 
404 

2*38 

•64 

512 

3*3 
2*22 

*577 


PSBTII. 


Dunblane, 
Kippenross. 

0  ft.  4  in. 
100  ft. 


1864.    1865. 


m. 
5*30 
305 
4*80 
1*05 
»*35 
*75 
3*io 

-•50 
405 
5*5 
3*55 
*'45 

3820 


2*90 
2*50 
170 

'55 
2*30 

•05 
3-20 

540 
••80 

5-xo 
3-65 
4*20 

3*35 


[Deanston. 


Oft.  2  in. 
130  ft. 


1864.    1865. 


in. 

445 

4*55 

5'05 

1Sl 
r58 

3*84 

3-«5 
x'62 
446 
4*43 
3'3° 

3*22 
4190 


in. 
276 
295 
1-91 

"99 
1-98 

46 
3-20 

521 
115 

4**3 
3*3- 
4-60 

3375 


Loch  Katrine. 


Oft.  6 in. 
830ft. 


1864. 


in. 
800 
6*50 
4*80 
3-60 


18C.r).  ' 


in. 


7*20  j 
540 

3-3o 
1*90 


175 

4-90 

675 

no  j 

3-80 

5  '00 

470 

7-30 

9-20 

2'8o 

5-00 
870 

6-8o 

6*40  ; 

840 

9*60 

71*20 

c 

812 


KEPORT— 1866. 

SCOTLAND. 


Division  XVI 

[. — East  Midland  Corcrras  (continued). 

Pertji  (continued). 

FOIFAI. 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Auohterarder 
House. 

Stronvar,  Locli 
Earn  Head. 

Trinity  Gaak. 

Scone  Palace. 

Stanley. 

Thud**, 

BcmenQk 

That. 

2ft.3in. 
162  ft. 

0  ft  5  in. 
463  ft. 

0  ft.  1  in. 
133  ft. 

2  ft.  6  in. 
80  ft.? 

1  ft.  0  in. 
200  ft. 

Oft.  3  in. 
240  (L 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864.    15C*. 

■  January 

j  February    ... 

;  March    

|  April 

in. 

3'15 
279 
2'oo 
r29 
i-39 
239 
a*8o 
viS 
3'6o 
470 
3-50 
465 

in. 
1  25 

1-50 
•80 

*#49 
1-25 
3*00 

5*20' 

3-66 
570 

34 
4*00 

in. 
8*50 
5-80 
652 

3'45 

5-67 

5'45 

a*45 

ic'25 

5*5 

873 
775 

in. 
8*30 

4SJ 

293 
1 '60 

*t 

4*io 
6-30 

2'10 

5'55 

630 

13-95 

in. 

405 
3-10 
3-60 
1*20 

I'20 
2'IO 

280 

150 

475 
520 
3*60 
4*10 

in. 

2*IO 

2-25 

I'lO 

75 
2*25 

•40 
3-60 
435 

•50 
5-40 
3*60 
4*5 

in. 
252 

**94 
2-56 

•91 
159 
161 
*35 

74 
2*96 
4*01 
318 
3'33 

in. 
167 
166 
i*o8 

•53 
2-14 

•35 
5*9 
394 

*65 
582 
270 
3*06 

in. 

3'*7 
2*85 

2*IO 

77 
171 

2'IO 

23I 

56 

37i 
3**3 
3-05 
2-94 

in. 

192 

«'95 

•99 

•4* 

23 » 

•3* 

4*95 

367 

•5* 
4'6o 
2*60 
3*5 

in.        in. 

2-28        2-fC 

2-60     stc( 

2I0     I*- 

May    

2X7       Vj'3 

June  

July    

210         *« 

280     4'35 

,**v     

August   

SSeptember ... 
1  October  ...... 

November  ... 
i  December  ... 

•95      P5 1 
3-80       "2 ) 
590     6;o 
340     3  :- 
410     2*53 

1    Total* 

335* 

3270 

71-67 

62' 1 1 

37-20 

3°'55 

2870 

2879 

28*60 

2746 

33*97  5°"59 

Div.  XVII.— Nokth  Eastern  Counties  (continued). 

Div.  ^Vni.— N.-Wbstkbit  Corsna 

Aberdeen  (continued). 

Moray. 

West  Sobs. 

East  Boa          J 

Height  of 

Rain-gauge 

above 

Ground 

Sea-level 

Castle  Newe. 

Ellon, 
dei 

Oft. 
34D 

Tilly- 

Elgin  Insti- 
tution. 

LochAlah, 

Inverinate 

House. 

Cromarty. 

AbeK    | 

1  ft.  0  in. 
015  ft. 

4  in. 
ft. 

0  ft.  6  in. 
33  ft. 

3  ft.  0  in. 
150  ft. 

3ft.4in. 
28  ft. 

mob. 

430  ft. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864  ^ 

January 

February    ... 

March    

April  

in. 
•82 
a#35 
3*35 
1-24 
2-31 
171 

2*10 

1*47 
4*36 
8*30 
570 
277 

in. 
4-10 
3-91 

2*90 

'5» 
2*43 

r86 

in. 
132 
3'3« 

2'20 
•    I04 
2'63 
1-61 
4-rA 

in. 
2-08 

3*40 

3'12 

•60 

1*32 
rc4 

378 

*'53 
•66 
4-64 
2*6o 
1-32 

L. 

r8o 
**S5 
i*35 
2"6o 
1-46 

4'3 
124 
386 
4-88 

270 

2*22 

in. 

3*40 
2*27 
1-51 

77 
1  62 

•4* 
•7» 
3'»5 

•80 
2-82 
2-48 
116 

in. 
6-20 
570 
470 
3*45 
3*5 
5-60 

4'5c 
4-30 
820 
3-80 
4-85 
775 

in. 

5'*7 
185 
•93 
a'35 
3-62 

'  **59 
7*5 
676 

«'53 
662 

4*47 
849 

in. 

•38 
3*20 

204 

158 

170 

it>8 
i'33 
a-87 
4*4* 
182 
t-93 

in. 
161 
125 

I*02 
•56 

«73 

•15 

3*15 
183 

■80 
1*34 

in.      *■ 
y    4>5j 

5*    ^ 

,-al      JJ-1 

I7«     H 

>  2-10    1*3,1 

776    r»4i 

3  5^ 

May    

June  

July  .\ :. 

v  v    

August    

September ... 
October 

"  -T   ... 

5  ov  |        •J"" 

3-25      1J70 

*34 1     *fy 

57*1    4*35 

2-68 1     593 

3"24|     3'33 

36-48 

33'35  !  3**9* 

2709 

19:5a 

13-11 

62-30 

5«73 

23-3* 

19-51 

$5J4  ^j. 
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xvr- 

-East  Mtt>- 

axd  (continued). 

Division  XVII 

. — North  Eastern  Counties. 

Poefae  (continued). 

KINCARDINE. 

Abeedeew. 

■bnath. 

JOLuntrose. 

Brechin, 
The  Burn. 

Bogmuir, 
Fettercairn. 

Banchory 
House. 

Braemar. 

Aberdeen. 

LOixu 

2  ft.  0  in. 

0  ft.  6  in. 

Oft.  3  in. 

Oft  4  in. 

Oft  9  in. 

0  ft  4  in. 

ioft 

200  ft. 

237  it. 

200  ft. 

99ft    x 

1110  ft 

95  ft. 

u    1865. 

1864. 

1865. 

1864. 

1665. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

<>,    »o8 

199 

5-»3 

3-50 

35° 

2*8o 

3'5° 

130 

3*50 

i"35 

340 

128 

2-30 

>5     i*92 

335 

*'54 

3*8o 

4-40 

3-50 

3*00 

4-10 

4' 60 

*'35 

178 

2*70 

4-»4 

*i     133 

169 

76 

2*40 

no 

2-30 

2'00 

2*CO 

2-60 

2*21 

■3 

2*96 

2*03 

11 .    roi 

119 

1*09 

1-50 

70 

i*6o 

•80 

70 

•30 

96 

'99 

*57 

W   **6 

2*7 

6*09 

2'20 

270 

r5o 

2*40 

1*30 

2*20 

1*69 

268 

164 

179 

m,     44 

•76 

•3» 

I'SO 

•30 

I'OO 

•30 

•SO 

•50 

2*60 

*4 

140 

•*7 

1*7* 

4*44 

170 

3-90 

150 

2*50 

no 

2'50 

190 

3S* 

2*22 

2-6o 

*4 

396 

•40 

3*9° 

•40 

3  60 

T 
2*8o 

410 

1*10 

4-18 

1-3I 

345 

Ff   49 

3-89 

•42 

470 

•40 

3-80 

'So 

•30 

5*'4 

•12 

215 

•62 

5-50 

3-50 

5'20 

6*20 

570 

570 

5  *co 

4SO 

516 

4'23 

4*4* 

*75 

•*>    3*47 

,     **99 

379 

5"io 

3*20 

5-00 

3*20 

4-30 

44O 

5-30 

263 

3*49 

380 

f*     r*5 

'    **95 

r46 

430 

3-40 

4'20 

270 

270 

2*90 

274 

4-63 

34© 

206 

•*.  27-88 

*9"94 

34*6 

36-30 

3470 

333° 

30*20 

26*10 

32*40 

32-50 

29-72 

*7'95 

27-68 

Onn 

Division  XVIII. — North-Western  Counties  (continue 

d). 

- 

West  Inverness. 

*y. 

Baaaay. 

Barrahead. 

S.Uist,Uahe- 
nish. 

Culloden. 

Island  Glass. 

Urquhart, 
Corrimony. 

(in. 

3  ft  0  in. 

3  ft  0  in. 

0  ft  4  in. 

3ft  0  in. 

3  ft.  4  in. 

0  ft  4  in. 

loft. 

80  ft 

640ft? 

157  ft? 

104  ft 

50  ft? 

320ft? 

«1| 
n. 

1885. 

1864. 

1865. 

1864. 

1865. 

1864. 
in. 

1865. 
in. 

1864. 

1865. 

1864. 

1865. 

1864, 

1865. 

in. 

in. 

in. 

id. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

V7}  8*9° 

•yi    -40 

41s.  .5; 
ft'  vv 

7-45 

7-00 

181 

4*57 

395 

516 

*45 

272 

1'55 

104 

3'oo 

6*30 

700 

355 

2'8l 

*"37 

595 

339 

270 

3-27 

74 

146 

430 

2*00 

4'7o 

4-10 

189 

3*55 

403 

37i 

2-39 

''45 

•89 

167 

3*oo 

3*20 

380 

190 

no 

3-10 

168 

IC4 

i-o8 

150 

94 

•70 

no 

3 9i I   360 
'^'4!   1-40 

2-65 

4*9° 

167 

3-17 

118 

282 

176 

171 

1'20 

104 

1  00 

2*40 

5'35 

210 

3*9* 

*95 

3«5 

131 

«-67 

•08 

2*40 

114 

70 

•CO 

5-io 
l-cj 

1-90 

4-20 

3-95 
3-»5 

*"55 

2-89 

l'll 

209 

1*90 

5-03 

I-58 

i"57 

1-40 

3-80 

/"to 

3'9° 

3-40 

59' 

166 

4*45 

1*09 

3*37 

12J 

286 

2-17 

1-30 

2*70 

Us 

lO'CO 

4*10 

6-65 

1  69 

5-36 

403 

273 

•4* 

i"93 

610 

•50 

3*55 

4-05 

3-03 

295 

218 

389 

5'xo 

2'28 

105 

160 

10*80 

44o 

5»5 

545 

395 

2*90 

4'44 

*95 

179 

1-98 

1x8 

x'89 

4*3° 

350 

10  Jj 

4'»o 

I2'20 

12*30 

4*«  5 

3*39 

3*60 

4*5 

214 

»"57 

131 

148 

510 

5-90 

rt 

4ty 

6995 

57**5 

3^77 

35*44 

39*95 

3966 

24-76 

24-96 

1751 

17-93 

4170 

35*o 

814 


RBPORT— 1866. 

SCOTLAND. 


Division  XIX. — Nobthbrjt  Counties. 

SUTHMLAND. 

Caithness. 

Height  of 

Bain-gauge 

above 

Ground  

Sea-level 

Dunrobin 
Castle. 

House  of 
Tongue, 

Oft.  1  in. 
33  ft. 

Cape  Wrath. 

Noasbead. 

Holburnhead, 
Thurso. 

Ptotki 
Sfari 

0  ft.  6  in. 
6  ft. 

3  ft.  6  in. 
355  ft.? 

3ft.  4 in. 
127  ft 

Oft4in.    ,    SMJ 
60ft.?     j     Eft- 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865.J  ia&i  » 

January  

February    ... 
March 

in. 

75 
4'6o 

535 

•70 
2*00 
no 

'*4I 
ro8 

4aio 

3-83 

2"8o 

2'30 

in. 

4*3° 
1-23 
2*65 

•5* 
•90 

•38 
1*84 
176 

•81 
3*6o 
roo 
1*07 

in. 

170 
1270 

4-30 
•50 

2'00 
2*20 
2'20 
I"20 
390 

4*6o 
4*80 
3*60 

in. 
57o 
1*90 
6*20 

I*20 

70 

•30 
2*0O 
I70 

i-io 

3*5° 
2*40 

2'20 

in. 

2'00 

4*15 
2*90 
166 
1-49 
3*6i 
270 
3*5* 
497 
3*o6 
366 
447 

in. 
5*02 
2*29 

*75 
171 
1-39 
1  64 
i*8o 
3-«4 
3°5 
438 
272 

2'21 

in. 
•60 
2*92 

345 

•40 

2*20 

2'6o 

488 
4'6l 

1-37 

in. 
2-14 

T44 

272 

•68 

*9 

'IS 

1*92 

•55 
'55 

218 
•4* 

in. 

'60 
4-05 

•67 

'5* 
115 

I*OI 

•61 

•90 

1-36 

1*90 

2' IO 

3**7 

in-     |  b.     ° 

211    y  * 

**37;  TV    ' 
rs7    «*5    3 
1*03     rx    1 

1-23!  r*s 

1*90 '     1*99 

April  

May    

June   •• 

July    

.       ¥        ••••••••• 

August    

September  ... 

October 

November  ... 
December  ... 

191 
2*2 1 
3"95 

3" 

«*53 

1x4 

5* 

»*99 

Totals 

28-16 

2 1 '06 

4370 

28*90 

3819 

32'8o 

27-23 

1  $09 

18*14 

2491  ,*'»  Si 

Division  XX. — Muxsteb  {continued). 

Div.  XXL-to^ 

Waterpobd. 

Clare. 

Kilkkott. 

|  Qru* 

Height  of 

Rain-gauge 

above 

Ground  

Sea-level 

Waterford. 

Portlaw. 

Killaloe. 

Ennis. 

Kilkenny. 

Porartr^ 

4  ft.  0  in. 
60  ft. 

20  ft.  0  in. 
50  ft. 

5  ft.  0  in, 
128  ft. 

2  ft.  6  in. 
35  ft. 

0  ft.  6  in. 
200  ft 

J  ft.  1  i 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

m  :* 

January  

February    ... 

March ,... 

April   

in. 

375 
1  77 
318 

1  67 

I'20 
173 

i'53 
323 

505 
4'9* 
459 

in. 
4-29 

3*7 
170 
110 

454 
•68 

3-62 

5*o8 
55 

1°7 

D'OO 
6*22 

in. 
606 
238 
366 
i'45 

at 

1-28 

1"I2 

377 

m 

4*55 

in. 
4-03 
308 

185 
5-12 

'59 
440 

471 
•51 
4*9 
875 
773 

in. 
V95 
1  88 
2-85 

1*22 

i-84 

339 
164 
i-63 
563 
3*3 
6-4j 

2'90 

in. 
6*13 
5-16 
34* 
'45 
5*5* 
2*19 

.3*54 
4*34 

I'lO 

5*o6 
4*08 

in. 

2-49 
1*96 
2-17 
1-28 
if43 
*'44 

'53 
2*04 
602 

•10 

5**5 
273 

in. 

5*5 

2*90 

*45 
075 
3*57 
1*10 

i*54 
•51 

3*62 
5*ao 
37* 

in. 
379 
•*3 
242 

«*95 

2*11 
2*32 

75 

446 
562 
389 

in. 

4-18 
213 

•94 
3'5' 

#*7 
2-68 

3*3» 
'88 

3**9 
2*46 

in.     " 

May 

j-i$    4 

June    

i-ix    1 

July 

79    < 

August    

September  ... 

October  

November  ... 
December   ... 

6*ij 

i'V    ■ 
«'    l 

Totals 

3446 

41*02 

4027 

47*5 

35*«4 

4604 

28-44 

3  VI 1 

3Si« 

3°41 

4**45  *5 
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Division  XTX. — Nokthebn  Cototibb  (continued). 

Diy.  XX.- 

— IfUNSTKR. 

Ouursr. 

SnSTLAND. 

CORK. 

KbbHT.       :; 

ufCaisUeJ 

Sandwick 
Lawn. 

Sumburghead. 

Bressay 

Manse. 

East  Yell. 

Cork,  Queen's 
College. 

Valentia*     1 

1 

! 

1 

It  3  in. 

2  ft.  0  in. 

3  ft.  4  in. 

0  ft.  0  in. 

3  ft.  0  in.  • 

8  ft.  0  in. 

2  ft.  0  in. 

50  ft. 

78  ft 

265  ft? 

12  ft. 

176  ft. 

65  ft. 

30ft. 

4.!  1865. 

i 

1864. 

1806. 

1864. 

1865. 

1864, 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865.1 

1 

1  in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

1 
in.      ( 

13 ,    **55 

'37 

4*o8 

«"54 

2*67 

270 

4*80 

2*88 

6«oo 

4-07 

4*22 

a-Sj 

802' 

to      190 

3*7* 

3-40 

i'8 1 

1*96 

4*00 

4'20 

3*  10 

100 

1-67 

3*00 

371 

10 '     2*10 

ft'69 

474 

99 

»*44 

3'20 

2 '60 

776 

4*88 

3**4 

3*82 

396 

419  ' 

10         I'lO 

t»3 

i*47 

1-3' 

•91 

170 

2#00 

1-85 

1*47 

177 

»-54 

i'55 

171 

'50      115 

188 

1-90 

105 

1*01 

2(8o 

i-6o 

174 

i-68 

2*06 

4-36 

151 

3*54; 

1»      I'oy 

1-63 

1-42 

162 

•58 

I'OO 

•50 

3-19 

'"St 

•66 

492 

1-31 

i"»,    no 

»*55 

1-93 

1-24 

3-40 

2*40 

2*80 

i*86 

70 

V35 

i*44 

**35 

vy>    310 

a6o 

266 

1-39 

1-91 

3-50 

2*20 

3-60 

3#34 

1-87 

4:i9s 

3*44 

617 

rlo    160 

369 

%i% 

197 

1*75 

3*20 

1*90 

**35 

1-98 

2-77 

5-32 

4*1 1 

f»    418 

3*66 

4-85 

2-27 

roi 

4*50 

2*20 

5*09 

69* 

4-8 1 

IV 

272 

8-6o 

r«,  1-30 

469 

3*07 

3*37 

272 

6*50 

4' 10 

4'35 

5*78 

684 

8*04 

9-08  | 
6-30  [ 

J'55      190 

4*  16 

279 

3*58 

2-27 

5-50 

3*60 

3*60 

2- 1 8 

3*43 

6-69 

539 

»75   15*45 

33-28 

34-11 

*3*9° 

20*47 

43-00 

32*10 

42*31 

38-09 

34-61 

43-01 

47-62 

59*09  j 

Kn-C 

'anoni 

Oft< 

Division  XXI, — Lbihstkb  (continued). 

Piv.  XXII. 

GOKNAVQHT. 

KisosCo. 

1 

WlCKLOW. 

DUBLlff. 

0ALWAT. 

utle, 
town. 

Tullamore. 

BrajsFaeearoe. 

Black  Book. 

Dublin. 

GlameYln. 

Gort, 
CreggPark. 

Jin. 

3  ft.  Oin. 

5 ft.  Oin. 

29  ft.  0  in. 

18  ft.  0  in. 

6  ft.  6  in. 

3  ft.  0  in. 

SO  ft 

235  ft. 

250  ft. 

95  ft. 

42  ft. 

66  ft. 

120  ft. 

NM., 
in. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

*  it    388 

•68     J.?I 
V*V    rSo 
«7l    loc 
r65.    369 

178 

2*05 
2*48 

309 

4*03 

183 

318 

4*45 

2*29 

»'45 

*"49 

2-23 

4*3 

71 

I '22 

4*9 

•89 

2*J9 

1-17 

2-68 

1-03 

179 

1-98 

3*3» 

241 

1*98 

412 

183 

3-03 

I'2I 

35» 

«*94 

1-58 

115 

3*10 

2-58 

»«3 

•72 

-46 

18$ 

•58 

l6l 

I '20 

150 

73 

1*10 

»*35 

132 

115 

%t 

1*38 

482 

178 

2'89 

1*70 

39* 

»*59 

312 

2-07 

3*44 

*-ii    *5 

**53 

163 

79 

1-26 

"47 

i*35 
i'o6 

•70 

114 

*75 

**45 

1*75 

u 

3-J9 

•56 

2-18 

*4* 

4*4* 

'59 

2-7 1 

3-62 

•87 

4*03 

i*7 

5-66 

ln 

281 

1-56 

199 

138 

4*46 

i"47 

4*3* 

i'35 

2-84 

'9* 

3*95 

2*02 

4*i5 

*tt      -48 

3**7 

•29 

i-oi 

.00 
6-oo 

165 

'02 

2*46 

•11 

i'59 

03 

5*50 

•97 

3*26 

366 

7*4 

644 

4*3 

5*5 

374 

613 

3*35 

3-29 

6'5I 
218 

289 

4071   4«n 

3*87 

5-62 

4'oi 

378 

467 
3-18 

3-09 

3'85 

*7i 

37i 

17*04 

\   319 

168 

**47 

3*  10 

4**5 

2-20 

3-2$ 

2*8o 

2*07 

2-87 

4*35 

!  V'9° 

2398 

26*92 

31*66 

42-21 

*573 

29-80 

*975 

2923 

2395 

*4*34 

33*89 

38-43 

316 

HEPORT— 1866, 

IRELAND. 

Division  XXIL— Cosxaught  (continued). 

Division  XXIII. — Vum. 

Galwat  (continved). 

Slioo. 

Cava*. 

Fermaxagh. 

An&crL 

Height  of 

Bain-gauge 

abore 

Ground  

Sea-lerel 

Galway, 
Queen's 
College. 

Doo  Castle. 

Sligo,  H&zle- 
wood. 

Bed  Hills, 
Belturbet 

Florence 
Court. 

Ana^ 
Ob-erma 

6  ft  0  in. 
25  it 

1  It  0  in. 

2  ft.  4  in. 
47  ft 

Oft  9  in. 

11  ft  0  in. 
300  ft 

WfLVh 

186*. 

1865. 

1864.  j  1865. 

1864. 

I860. 

1864.  {  1865. 

1864. 

18G5. 

185ti  1« 

January  

February...... 

March 

in. 
4*62 
416 

533 

299 
288 

5*4' 
3*01 
4*  10 
7.32 

488 
9*3 
4H 

in. 
9*oi 
504 
*-54 
74 
4-19 
126 
4*60 
491 

2'2I 

5'9* 
3'97 
4'5* 

in. 

3<H 
1 '80 
297 
1*90 
2*04 
284 
1  *6o 
232 

4*4» 
2*19 

5*3 
'•54 

in. 

4-«5 
286 
328 
140 
**55 
»*33 
399 

•61 

561 
498 
4*51 

in. 
270 
241 
2*09 

in. 
416 
351 

J.*  7  A 

in. 
168 
i*53 
**34 
229 
1.80 
**94 

*'53 

1*96 

410 
i-56 

5"'I 

206 

in. 
328 
4*62 
*'*4 

42 

2*91 

393 
•66 

59* 
412 

3*33 

in. 
269 

i*59 
317 
2-07 
i*8o 
304 
84 
*'37 
2*36 
1*30 
5  "99 

2*21 

in 
4-09 

V38 
3-18 

I'lO 

'61 

3'OS 
511 

99 

515 

5-19 

593 

in.     '•  h 
151     j 
136     4 

2*07. 
1*99     51 

April  

2-44  j     1*65 
3*85        I'lC 

May 

June    

3  *»3 
3-«7 

»*79 
2*09 

5*3 
231 
7*06 
1 '80 

"97 

3*o8 
6*16 

V 

569 

4*20 
4'5« 

j-69       'j 

July 

1S4     ivj 

™  **v 

August 

149     \'\ 

September  ... 

October  

Norember  ... 
December    ... 

344     ; 

Hi '   4' 

19S     Ti 



Totals 

58-07 

4890 

3189 

39*62  ;  it 6 a.    j.1'81 

27-07 

3692 

2943 

43'5 

ft*   57* 

•"    T 

^ 

EXAMINATION  OF  RAIN-GAUGES. 

As  an  introduction  to  the  following  Tables,  and  also  as  calculated  materially 
to  avoid  continued  repetition,  it  may  be  well  to  refer  briefly  (1)  to  the  objects 
of  this  examination,  (2)  the  means  adopted  to  carry  it  into  effect,  and  (3)  to 
explain  the  results  herein  given. 

(1)  The  objects  of  this  examination  are  principally  to  ascertain  the  accu- 
racy of  the  gauges  in  actual  use,  the  Suitability  of  their  position,  the  eorrect- 
ncss  of  the  mode  and  time  of  observing,  and  generally  to  advise  the  obseitos 
concerning  the  proper  management  of  their  gauges  under  all  circumstances. 

(2)  The  means  adopted  simply  consist  in  Mr.  Symons's  visiting  each  sta- 
tion, and  personally  measuring  every  important  element  concerned,  the  details 
being  entered  at  the  time  in  printed  forms  prepared  for  the  purpose*. 

(3)  The  result  of  166  such  examinations  in  different  parts  of  the  British 
Isles  are  given  in  the  following  Table,  in  which  only  two  points  appear  to  re- 
quire any  explanation : — (1)  That  the  Roman  numerals  refer  to  the  gang* 
in  Plate  VI.,  and  denote  the  general  form  which  the  gauge  most  nearly  ^ 
scmbles,  since  the  varieties  of  form  are  so  numerous  that  it  would  be  undesi- 
rable to  represent  each  exactly.  (2)  The  mode  of  testing  usually  consists  in 
filling  the  glass  belonging  to  the  gauge  up  to  various  points  (called  in  the 
Table  scale-points,  i.  e.  points  on  the  scale)  ;  this  quantity  is  then  measured 
in  grains,  and  entered  as  "grains  equivalent  to  scale-point/'  then  the 
difference  between  this  observed  quantity  and  that  which  is  due  to  that 

*  The  following  were  not  measured  by  Mr.  gymona  :— Nos.  1  to  12,  56,  «nd  58  to  61. 


-r  lint  .tsscc .  l$e>6 


Wat*  VI 


Ram   crances  in*  use>  m  1866. 

S         <b 


ii 


t'i 


xn 


liukul 


fUKIVSliSITYJ 
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Division  XXIII. — Ulster  (continued). 

Dowk. 

Antrim. 

Londonderry. 

Tyrone. 

frown, 
bridge. 

Waringstown. 

Antrim. 

Moneydig, 
Garvagh. 

Londonderry. 

Leckpatrick, 
Strabane. 

Letterkenny. 

L8in. 

Oft.  4  in. 

1  ft.  0  in. 

1  ft.  1  in. 

0  ft.  6  in. 

Oft.  5  in. 

0  ft.  6  in. 

»ft. 

190  ft. 

150  ft 

121ft. 

80  ft. 

260  ft. 

107  ft. 

.    1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

1864. 

1865. 

i  in. 

in. 

in. 

in. 

in. 

in.  x 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

1,    266 

i-65 

295 

156 

3"io 

2-63 

4-48 

**55 

673 

2*2 1 

4*9* 

3*55 

7*95 

91    270 

119 

2-75 

79 

2*90 

186 

3*«7 

2*60 

4-00 

272 

330 

3*62 

5°3 

5i    ***4 

211 

2*25 

353 

2-05 

3*5« 

277 

379 

340 

3'i8 

340 

656 

356 

9|     *S9 

205 

•59 

»*45 

*5* 

2*27 

1*27 

2  *6o 

1*34 

2-58 

i*55 

3*01 

'95 

'Si   V» 

2*12 

3-80 

1-37 

351 

2*09 

3*68 

*75 

200 

268 

291 

«*93 

268 

to,    -5o 

2*64 

"5t 

367 

73 

4-19 

71 

320 

•66 

349 

•*5 

4*77 

85 

rr,  i-55 

^ ,  v68 

115 

1-28 

192 

**34 

173 

2'20 

174 

250 

*\56 

«75 

2*30 

376 

228 

3-16 

2*03 

3*35 

2*23 

6-15 

242 

5*5o 

1*98 

5*37 

3*37 

% 

lH'    -30 

2'2I 

•38 

369 

•46 

362 

•56 

410 

74 

4-3« 

73 

5-60 

ns  fa 

X'9S 

4T 

3-01 

456 

177 

489 

318 

4*3* 

2-28 

5*3<> 

3*3* 

7*22 

'*♦;  vss 

3*93 

3-65 

382 

371 

4'20 

4*oo 

475 

4-50 

5**7 

481 

591 

6-58 

'9*'    1*22 

213 

2*36 

1*90 

2*17 

i-S9 

J-28 

»'35 

2*65 

176 

3-64 

238 

5*53 

1 
10 '  lyn 

*5*44 

28-62 

*974 

2941 

3176 

3786 

35*03 

39*4 

3499 

37*99 

4632 

5046 

scale-point  of  the  gauge  the  area  of  which  is  known  from  the  mean  diameter, 
gives  the  last  column,  "  Error  at  scale-point."  An  example  will  make  this 
dear.  Gauge  No.  I.  has  a  mean  diameter  of  7*995,  therefore  0-1  of  an  inch 
should  he  1268  grains,  hut  the  glass  only  held  1260  grains,  being  8  grains 
too  little,  it  therefore  shows  0-001  too  much ;  that  is  to  say,  when  rain  falls  to 
the  depth  of  0*100  in.  it  shows  0-101  in.,  an  error  of  no  practical  effect,  being 
less  than  the  ordinary  error  of  observing*. 

Concerning  this  Plate  it  is  necessary  to  explain  that  Nos.  I.  and  II.  are 
liable  to  considerable  error  if  the  rods  are  allowed  to  rise  much  above  the 
famel,  as  they  then  intercept  rain  which  would  otherwise  pass  over ;  they 
*ro  sometimes  tied  down  to  the  cross  piece,  sometimes  only  dropped  in  when 
*n  observation  has  to  be  made.  No.  VI.,  Crossley's  gauge,  registers  on  the 
dial*  by  an  arrangement  of  wheelwork,  but  it  is  desirable  it  should  (when 
***&)  always  be  provided  with  a  cistern  and  tap  so  that  the  quantity  may  be 
measured  by  a  glass,  and  the  clockwork-record  thereby  checked.  Nos.  V., 
^11.,  VIII.,  X.,  XI.,  and  XII.  are  all  provided  with  glasses  similar  to  No.  III., 
but  of  course  varying  in  capacity.  No.  IX.  was  designed  by  Mr.  Marshall,  of 
Patterdale  Hall,  for  use  in  the  mountains  of  Cumberland  and  Westmoreland. 

*  It  may  here  be  noted  that  though  the  errors  are  uniformly  worked  out  to  three  places 
°f  decimals,  very  much  reliance  cannot  be  placed  on  an  error  of  -001  in  a  5-inch  gauge, 
**u*g  that  it  involves  the  correct  reading  01  a  water-surface  to  one  hundredth  of  a  linear 
inch. 


918 


MFOBT— 1866. 


EXAMINATION  QI 


County. 


Name  of  station,  owner,  and 
observer. 


Maker's] 


E"5 

1H  \ 


1 86a. 
Aug.  5. 


Aug.  6. 


Aug.  6. 
Aug.  to. 


Aug.  7. 


Aug,  9. 


Aug.  10. 


Aug.  10. 


Aug.  14. 


Aug.  16. 


Aug.  16. 


Westmoreland  ... 


Kendal,  S.  Marshall,  Esq. 


Lancashire.. 


Lanoaehire.. 


Lancashire.. 


Lancashire., 


Lancashire.. 


Westmoreland 


Cumberland 


Cumberland  . 


Cumberland  , 


Holker,  Cartmel,  Duke  of  De- 
vonshire, Mr.  W.  Wilson. 


Pitt  Farm,  Cartmel,  Mr.  Binyon 


Alithwaite,  Cartmel,  Mr.  Nash 


Monk  Coniston  Park,  J.  Gk  Mar- 
shall! Esq. 


Wray  Castle,  Windermere,  Br. 
Dawson,  Mr.  Paisley. 


Lesketh  How,  Ambleside,  Dr.  J. 
Davy,F.R.S. 


Borrowdale,  Seathwaite,  I.  Flet- 
cher, Esq. 


Keswick,  Mr.  J.  F.  Crosthwaite 


Mirehouse,  Bassenthwaite,  T.  S. 
Spedding,  Esq. 


vin. 


VIII. 


VIIL 


ni. 


IX. 


V11L 


Mr.  &  Manbali...  9*00] 


Mr.  a  Marshall  .  8a.mJ 

1      ! 


Mr.  S.  Marshall...' 9pjd 


Gasella 


'SpJD. 

1  "", 


Marshall  &  On....  oa.av 

I  1*    ■ 


Mr.  S.  Marshall  J  < 


'fi 


ra. 


VIIL 


m. 


Potter.. 


Mr.  S.  ManhaH..1 9&J11. 


9  S.W. 
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IN-UAUGES. 


Height  of 

Diameter* 

(that  marked 

M— mean). 

Equivalent  of 

Error  at 

8   • 

gw-«* 

water. 

scale-point, 
specified  in 

Remarks  on  position,  Ac 

i^ 

Above 

(S  S 

«i(  leT«L 

Smle- 
point 

Grain* 

previous 
column. 

3  * 

.  in.  feet. 

'  in. 

in. 

6\    >49 

7*95 

'I 

X260 

+•001 

In  garden  S.E.  of  the  house,  and  about 
120  feet  from  it ;  it  is  quite  open  in 

J. 

8*04 

*2     - 

2520 

-f-*ooi 

M  7995 

all  directions.    Measuring-glass  more 
than  a  foot  long,  but  only  holds  0-25 

, 

in.      It   is    beautifully  divided    to 

thousandths. 

«l  iss 

801 

•I 

1255 

+•001 

Gauge  stands  in  the  middle  of  a  large 
garden,  quite  removed  from  any  ob- 

2. 

800 

•2 

2510 

+•003 

8*02 

ject  that  could  interfere  with  its  in- 

M 8*oio 

dications. 

»   I      170 

800 

*I     . 

1240 

+•003 

Stands    in    the    garden ;    quite    un- 

3- 

1 

8*oo 

*2 

2500 

-f'OOA 
+  O06 

sheltered. 

1 

8*07 

•3 

3750 

8-oo 

4 

5000 

-j-*oo8 

1 

M  8*018 

1   0        88 

5*oo 

'2 

1030 

—•008 

From  N.E.  to  S.S.E.  there  are  shrubs 

4- 

1 

S'oo 

*3 

1540 

—  *OIl 

and  trees  from  8  to  16  ft.  high,  at 
distances  of  15  to  40  ft.    The  house 

l 

4*99 

•5 

2520 

—•009 

M  4-997 

(perhaps  30  ft  high)  is  to  W.S.W., 
at  a  distance  of  40  ft.    The  gauge 
may  possibly  be  slightly  sheltered 

| 

by  the  shrubs. 

4  11       250 

9-96 

Owing  to  the  peculiar  construction  of 
this  gauge,  it  was  found  impossible 

5. 

10*02 

10*08 

to  test  it.    Its  position  is  unexcep- 

10*05 

tionable;   fixed   in   the   middle   of 

M  10*027 

the-  park,  and  free  from  all  obstruc- 

tions. 

I   9 

150 

8*02 

•x 

1250 

'-f'OOI 

Gauge  stands  on  a  small  hill;    the 

6. 

798 

*2 

2510 

-j-*002 

trees  and  castle  are  too  distant  to 

8-00 

affect  it. 

7*99 
M  7*998 

1    2 

200 

8*04 

•469 

3000 

+•005 

Gauge  on  a  little  rise,  having  a  few 
trees  on  the  top.      In  E.8.E.  and 
E.N.E.  trees  15  or  20  ft.  high  are 
10  or  20  ft.  distant,  and  in  S.8.W. 

7- 

8x>6 

6000 

correct. 

8-02 

•708 

9000 

+•005 

8*oi 

•942 

12000 

+•004 

M  8*032 

some  20  feet  high  and  only  18  feet 
off. 
Gauge  is  at  the  elbow,  where  the  valley 

1 
1    0  1    422 

S'©4 

*i 

490 

+  •001 

8. 

I 

4*97 

•2 

980 

+•003 

bends   from  about  N.E.  by  N.  to 

1 

1 

503 

•3 

•4 

1500 
1990 
2480 

—•002 
correct. 

S.S.E.,  with  high  perpendicular  hills 
on  both  sides.  No  small  objects  of  any 

1 

M  5*007 
804 

•5 

+*ooi 

importance  near  the  gauge. 

>    J      170 

•1 

1230 

+•002 

Gauge  very  old,  and  receiver  out  of 

9* 

1 

7*64 

•2 

2490 

+•002 

shape.    Now  stands  in  a  timber-yard, 

1 

830 

•3 

3760 

-f'OOI 

but  will  be  moved  Jan.  1,  1863,  to 

1 

7'87 

•4 

5000 

-|-*002 

a  better  position,  same  height  above 

] 

M  7*962 

•5 

6320 

—  •003 

sea.     [New  gauge,  started  in  1865.] 
Gauge  in  flower-garden,  and  quite  free 

0    5  ,    3«> 

5-ci 

•1 

510 

—  •003 

10. 

1 

499 

•2 

1030 

—  •007 

from  any  object  that  could  interfere 

5x0 

•3 

1510 

— '005 

with  its  accuracy.    From  N.N.E.  to 

M  5*cco 

•4 

2000 

—•004 

S.E.  mountains  rise  gradually  from 

•5 

2510 

—  •006 

the  house. 
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REPORT— 1866. 


EXAMIN  ATOX  Of 


si 


i:I 


County. 


Name  of  station,  owner,  and 
observer. 


Maker's  i 


c  - 

41 


>3- 


>4- 


16 


17. 


18. 


ao. 


1 86a. 
Aug.  aa. 


Lancashire.. 


Lancashire., 


Aug.  24- 


Middlesex  , 


Middlesex 


Septal. 


Septaa. 


Sept.  24. 


Orkney 


Orkney 


Orkney 


Aberdeen 


Kincardine- 


Oct.    7. 


Cambridge. 


Hest  Bank,  B.  B.  Peacock,  Esq. 


Caton,  Bey.  A.  Christopherson. 


Finchley  Boad,  G.  J.  Symons, 
Esq.,  G.  W.  Moon,  Esq. 


Finchley,  Upper,  G.  J.  Symons, 
Esq.,  G,  W.  Moon,  Esq. 


Sandwick  (Lawn  Gauge),  Bey. 
C.  Clouston. 


Sandwick  (North  Park  Gauge), 
Ber.  C.  Clouston. 


Kirkwall,  Dr.  B.  B.  Baikie,  Mr. 
J.  G.  Iverack, 


Aberdeen,  A.  Cruickshank,  Esq. 


Banchory  House,  A.  Thomson, 
Esq.,  Mr.  J.  Forrest. 


Cambridge  Observatory,   Prof. 
Adams,  Mr.  A.  Bowden. 


n. 


in. 


x. 


vm. 


Davis,  Leeds) Xncer 

t&l£» 


Negretti&Zaaihra  9«-m 


KegretU&Zamkrasi 


91.1 


vm. 


1. 


\       1 


9Pjl 


'9&A. 


IV. 


ON  THE  RAINFALL  IN  THE  BRITISH  ISLE; 
^-GAUGES  (continued). 


igilfc  of 

suige. 

Diameters 
(that  marked 
Ms  mean). 

Equivalent  of 
Water. 

Error  at 

scalo-point, 

specified  in 

previous 

column. 

\&i:?:;£ 

rYv" 

si 

Remarks  on  posittuiij  fen    "  ~00*' 

Scale- 
point. 

Grain*. 

x.      feet. 

in. 

in. 

r   •        S» 

12*00 

Gauge  placed  just  over  the  brow  of 
a  small  hill,  on  the  N.  side.    House 

11. 

1 

12*01 

1 

ix  -96 

and  a  tree  are  W.S.W.,  distant  45 

12*04 

* 

ft. ;  also  trees  in  S.S.E.,  about  60  ft. 

M  12*002 

off;  testing  not  complete  owing  to 
absence  of  observer. 

1 

12.0 

499 

•1 

520 

—005 
-•008 

On    S.S.W.    slope  of    a   small  hill, 

12. 

4*99 

•2 

1030 

there  are   at  present  a  few  small 

„  4*99 

3 

1540 

—  •0x2 

fruit-trees  near  it,  but  they  will  be 

M  4-990 

*4 

'47 

2030 
2400 

—  *OXI 

—  •0x6 

moved  in  the  winter. 

K  \     *7<> 

7*95 

•1 

1300 

-•004 

House  35  ft.  high,  55  ft  W.N.W.  of 

1 3* 

1 

796 

•2 

2504 

correct 

gauge.     Walls  7  ft  high  in  E.S.E., 
JV.N.E.,  and  8.8. W.,  but  not  within 

795 

•3 

3760 

correct 

1 

7*94 

18  ft.  of  gauge. 

1 

M  7*950 

4  I    1<* 

797 

•1 

1300 

-•004 

On  roof  of  house  perfectly  exposed,  the 

14- 

V 

7'95 

•2 

2500 

+•001 

wind  having  no  obstruction  west- 

7'94 

"3 

3780 

—•002 

ward  for  many  miles. 

/ 

7'94 

'5 

6270 

correct. 

I 

M  7*950 

% 

0 

7« 

n*4 

•1 

2650 

-•005 

In  vegetable'  garden,  at  foot  of  lawn, 

*5« 

HI 

•2 

5250 

—  008 

sloping  gently  to  the  west,  about 

11*3 

"3 

7750 

-•007 

two  miles  from  the  sea,    between 

113 

•4 

I0400 

—  •0x2 

which  and  the  gauge  there  is  no  ob- 

M ir. 27  5 

•5 

12960 

—•014 

struction  whatever. 

f 

94 

11*32 

•1 

2650 

—•006 

On  a  slight  knoll  above  the  lawn  and 

16. 

11-15 

•2 

5250 

-•009 

manse,  in  a  very  exposed  position. 

1115 

•3 

7750 

—•009 

- 

11*37 

'4 

10400 

—014 

M  11*247 

*5 

12960 

—017 

4 

S 

300 

:§ 

t'5 

830 

+•067 

Dr.  Baikie's  gauge  temporarily  placed 
in  Mr.  Iverack's  garden;  a  6-foot 

»7« 

3*00 

+•'34 

3"oo 

wall  40  ft.  S.W.,  another  20  ft  N., 

2*99 

the  house  25  ft  high,  45  ft  E. 

M  2*998 

The  proper  glass  is  broken,  and  an 
ordinary  2-os.  glass  is  used  instead, 
1  os.  being  taken— -30  in. 

4 

95 

*45 

Observer  absent  and  measure   inac- 

18. 

«'45 

cessible.     Gauge  sunk  in  a  gnus- 

*45 

plot,  rather  sheltered,  especially  on 
E.,  where  a  5-ft.  wall  is  only  9  ft. 

Us 

M  8*450 

distant 

4 

95 

6*05 
6'05 
6-05 

•1 

•2 
•3 

correct 

float-gauge  sunk  in  a  plot  of  Spergula 
piliiera.   Gauge  correct,  but  if  abso- 
lutely emptied  it  shows  0*20  too 
little.    I  found  that  it  was  some- 

»9- 

6*io 

-4 

it 

M  6-063 

•5 

if 

times  emptied,  sometimes  set  to  the 
•zero  properly. 

6 

ftr 

9*35 
9.33 

Rather  an  old  gauge,  and  much  the 
worse  for  repeated  repairs,  necessi- 

20. 

1 

Too  leaky 

i 

1 

9*29 
935 

to  be  tested. 

tated  by  its  frequent    bursting  in 
frosty  weather — [a  new  one  has  been 

1 

M  9-330 

bw." 
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BXPOBT — 1866. 


EXAMINATION  L* 


I 


5.S 


County. 


Name  of  station,  owner,  and 
observer. 


Maker's] 


« 


23. 


24. 


*5- 


26. 


*7- 


28. 


29. 


30. 


1862. 


Oct.  8. 


Oct.  8. 


Oct.  9. 


Oct.  9. 


Oct.  9. 


Oct.  9. 


Oct.  9. 


Oct  9. 


Oct  9. 


Oct.  9. 


Cambridge. 


Suffolk 


Suffolk 


Suffolk 


Suffolk 


Suffolk 


Suffolk 


Suffolk 


Suffolk 


Suffolk 


Cambridge,  Christ's  College,       IV. 
Mr.  Hays. 


Abbey  Gate  8t,  Bury  St.  Ed-     HI. 
munds,  Mr.  B.  Skepper. 


Beech  Hill,  Bury  St  Edmunds,     HI. 
H.  Turner,  Esq. 


Botanic  Gardens,  Bury  St  Ed-    HE. 
munds. 


Westley,  Bury  St  Edmunds,  B.|  ItL 
Burrell,  Esq, 


Oulford,  Mr.  P.  Oriere.  III. 


Barton  Hall,  Sir  C.  Bunbury,     m. 
and  Mr.  Allan. 


Nether  frail,  Thurston,  Bury 
St  Edmunds,  W.  0.  Basset, 
Esq. 

Nether  Hall,  Thurston,  W.  C.  [  I1L 
Basset,  Esq. 


Ncgrotti&Zsnbrispi 

t       I 

i    . 

!>*J 


!<ua.i 


•maai 


■0 

I 

1 

I 


Casella  S  aj 


Casein*   91 


Home  &  Tforn-    roont 
thwuiU,  Jr. 


Watlrins  and  H2I.. 


Thurston  Vicarage,  Bury  St.  Ed- 
munds, Bev.  W.  Steggall. 


VI. 


Watkina  and  HOI . 


ON  THE  RAINFALL  IN  THE  BRITISH  I8LES. 

-GAUGES  (continued). 
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•igiit 

ill 

Equivalent  of 

Error  at 

8  fe- 

*uge. 

w 

ater. 

scale-point, 
specified  in 

Remark*  on  position,  Ac. 

ll 

AJmxwm 

I-     1 

«T»1. 

Bode- 
point 

Grains. 

previous 
column. 

Act. 

in. 

in. 

i 

erected  since].    It  stands  on  a  grass- 
plot  100  ft.  W.  of  the  Observatory, 
which  may  be  30  ft.  high.    In  N.  W . 

1 

1 

and  S.W.  are  shrubs  about  5  ft.  high 

and  10  ft.  distant 

3* 

A  12-in.  copper  gauge,  inaccessible, 
measuring-tube  of  small  diameter, 

21. 

■ 

and  divided  on  its  own  stem ;  rain  not 

1 

allowed  to  pass  into  the  tube  except 

- 

at  time  of  measurement 

X40? 

6.00 

'0625 

410 

+•004 

Gauge  on  ridge  of  roof,  and  well  placed, 

22. 

602 

•1875 

1280 

+•009 

except  that  there  is  a  chimney  in  the 
N.  6  ft.  distant,  and  nearly  6  fthigher 

6*00 

*5 

1770 

+•003 

6*oo 

than  the  gauge. 

M  6*005 

9       »3** 

6*00 
601 

5'99 
6-oo 
M  6*000 

Glass  inaccessible,  but  said  to  be  iden- 
tical with  No.  22.    Placed  in  a  flower- 
garden  freely  exposed.    On  the  gen- 
tle slope  of  a  hill. 

*3- 

0  •    130? 

6*oa 

•0625 

420 

+•004 

Well  exposed  in  all  directions,  near  the 

24. 

6*02 

•1875 

1280 

+•008 

river,  in  a  very  damp  situation. 

6 '00 

*5 

1770 

+•003 

600 

M  6010 

6       216? 

498 

•1 

520 

-•005 

Freely  exposed  in  a  large  garden ;  pla- 

*5- 

4*99 

•a 

I020 

-•007 

ced  in  a  large  box  to  protect  from 
frost  or  accidental  overthrow. 

5*00 

3 

1510 

—  •006 

i 

4  9* 

*4 

2020 

—•009 

_ 

M4987 

5 

2510 

—•009 

2 

ur 

5*00 

"i 

510 

—003 

Gauge  perfectly  exposed  in  a  very  large 

26. 

5-00 

•a 

1010 

-•004 

garden. 

500 

'3 

1510 

-•004 

500 

4 

2010 

-•005 

M  5.000 

"5 

2520 

—•008 

0 

HS* 

500 
4'99 

•1 
•a 

500 
1000 

—•001 

—•002 

Gauge  perfectly  exposed  on  large  lawn 
— nothing  within  160  ft.  save  a  very 

*7- 

500 

•3 

1500 

—•003 

light  iron  fence  placed  round  the 

5*00 

'4 

2000 

gauge  to  protect  it 

M  4-998 

"5 

2500 

-•005 

6 

ss? 

6*o5-« 

•1 

020 
1800 

correct 

Gauge  fastened  on  abort  stump  of  a 

28. 

" 

6-05  „ 

•a 

+•005 

tree  in  the  centre  of  the  kitchen-gar- 

1 

1 

6*05  „ 

•3 
'4 

2740 
3620 

+•003 
+•008 

den,  quite  freely  exposed. 

J 

M  6*050 

•5 

4550 

+•008 

0?      S3? 

5-00 

•1 

500 

—•001     ' 

This  gauge  has  been  removed  and  sup- 

29. 

500 

•a 

1000 

—•002 

planted  by  a  new  one  because  mea- 

5*oo 

*3 

1500 

—•003 

suring-glass  broken  off  at  0*30  in. 

500 

M  5*000 

0'   168* 

io*oo 

Well  placed  on  lawn,  very  good  ex- 
posure.    On   December  31st  each 

30. 

lO'OO 

10*00 

1 

year  is  taken  to  pieces  by  a  watch- 

i2 
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EXAMINATIOK  OF 


H 


3» 


County. 


Name  of  station,  owner,  and 
observer. 


Makers  i 


\n 


1861. 
Oct.  io. 


Northampton 


3*- 


Oct.  13. 


Rutland. 


Marholm,  Peterborough,  Rev. 
R.  S.  C.  Blacker. 


Empingham,  Mr.  W.  Fancourt. 


in. 


IL 


33 


34- 


35- 


36. 


37. 


Oct.  13. 


Oct  13. 


Oct.  14. 


Oct.  15. 


Oct  16. 


Lincolnshire  , 


Lincolnshire . 


Leicestershire 


Lincolnshire  . 


York 


Wytham-on- the -Hill,  Bourne, 
General  Johnson. 


Greatford  Hall,  Capt  Peacock 


Belvoir  Castle,  Grantham,  W. 
Ingram,  Esq. 


Grantham,  J.  W.  Jeans,  Esq. . 


Wheldrake,  Rev.  R.  B.  Cooke ... 


II. 


n. 


m. 


Private 


Casefla 


9»- 


dai 


and 
ifarm. 


..{mctd 
1  Jr.  ! 


"1 


9±* 


ON  THE  KA1NJTALL  IN  THE  BRITISH  ISLES. 
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UIX-GAUGES  (continued). 


ghtof 

||1 

S  d  8 

Equivalents  of 

Error  at 

n 

il 

"ge. 

water. 

scale-point, 

"Remarks  on  position,  &c. 

j 

0. 

Above 
■ea- 

UrrrL 

.11 1 

Scale- 
point 

Grain*. 

specified  in 
previous 
column. 

feet. 

in. 

in. 

10*00 

maker,  carefully  cleaned,  and  re- 

M 10-000 

placed. 

i 

10S 

5*o5 

Position    good,    well    exposed.      On 

3i- 

S'05 

visiting  this  gauge,  found  that  the 

i 

5*o5 

measuring-glass  had  been  entirely 
destroyed  a  short  time  previously; 

5<>5 

M  5*050 

graduated  a  glass  roughly  for  tem- 

porary use,  and  ordered  one  for  the 

above  diameter  to  be  sent  to  Mr.  B. 

immediately. 

> 

210  ? 

6'oosq. 
6*05  „ 

A  bad  gauge  badly  placed,  the  house 
30  feet  high,  being  only  15  feet  8.E. 

3*- 

1 

i 

6*00 
5*95 

of  the  gauge.    The  rim  of  gauge,  in- 
stead of  being  knife-edged,  is  0*04 

\ 

i 

M6000 

- 

in.  thick ;  the  float  is  a  large  bung. 
Having  found  the  gauge  standing  at 
1*15  in.,  added  500  grs.,  it  showed 
1-17;   added  1000  grs.,  it  showed 
1-20;   added  1000  grs.,   it  showed 
1-30;   added  1000  grs.,  it  showed 
1-40;   added  1000  grs.,  it  showed 
1-50;  added  1000  grs.,  it  showed 
1-60;   added  1000  grs.,  it  showed 
1-71;    added  1000  grs.,  it  showed 
1-81 ;    added  1000  grs.,  it  showed 
1-92;   added  1000  grs.,  it  showed 
202;   added  1000  grs.,  it  showed 
2*11.     From  the  bad  position  and 
bad  construction  of  the  gauge,,  the 
observations,  extending  over  3^y ears, 

t 

i 

are  evidently  useless. 

3'   167? 

618 

•10 

loco 

—  '032 

A  very  old   metal  float-gauge,  freely 

33- 

6*20 

•21 

loco 

—054  . 

exposed,  except  to  W.,  where  there 

1 

618 

"33 

3000 

-•066 

is  an  apple-tree,  30  ft.  distant  and 
20  ft.  high. 

1 

616 

•44 

4000 

—  088 

K  6180 

9.     3*? 

500 

Perfectly  open  situation,  on  a  very  fine 
lawn.     Glass  not  properly  tested, 

34. 

1 

5 -co 

500 

but  believed  to  be  correct 

1 

501 

1 

M  5*003 

0  '  »»1 

}        800 

•1 

1270 

correct. 

In  the  gardens  below  the  castle ;  per- 

35- 

1 

798 

•2 

2520 

-p  001 

fectly  exposed. 

I 

8'02 

S 

3830 

—  •002 

\ 
| 

8-00 

*35 

4470 

—  *coi 

6(  '?9 

M8-ooo 

8*oo 

•301 

3900 

-•005 

In  small  garden  at  rear  of  house.    It 

36. 

1 

7*95 

•5« 

7050 

+•005 

is  more  or  less  sheltered  from  all 

8-07 

8*oo 

M  8-ooc 

points,  but  not  seriously  from  any. 

1      . 

1    3 

f35 

•1 

850 

-•005 

In  kitchen-garden,  quite  exposed. 

37- 

1 

637 

•a 

1700 

—  •on 

| 

6-37 

3 

2510 

—  •012 

| 

6*40 

'4 

3360 

—•017 

--L_    M6-37* 
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EXAiimnos  o 


u 


a 


County. 


Name  of  station,  owner,  and 
observer. 


it 


Maker's! 


38. 


39- 


40. 


4i 


43- 


1862. 
Oct.  17. 


Oct  20. 


Oct  21. 


Oct  23. 


Oct  24, 


Oct.  24. 


York 


York 


York 


York 


York 


York 


44. 


45- 


46. 


Oct.  14. 


Oct.  24. 


Oct  25. 


York 


York 


York 


47- 


Oct  25. 


York 


Holme  on  Spalding  Moor,  G. 
Dunn,  Esq. 


HI. 


Scarborough,  Mr.  Robert* 


Davis,  of  Leeds ...» )  pj 


Negretti  &  &dbn,  9  »-i 


Old  Malton,  H.  Hurtley,  Esq.... 


York,  Bootham,  J.  Ford,  Esq.. 


Harrogate,  Dr.  Bainbridge 


Leeds,  Holbeck,  Messrs.  Mar- 
shall &  Co. 


Leeds,  Manor  Road,  Holbeck, 
Leeds  Water-works. 


Bradford,  Horton  Hall,  E.  Hail 
stone,  Esq. 


Well  Head,  Halifax,  J.  Water- 
house,  Esq. 


Wakefield,  W.  R.  Milner,  Esq. 


vn. 


in. 


x. 


DC. 


GaacUa   .„._ 9a.1l 


Negretti  &  Zatabra'  9  aj 


Messrs.  MankaU  iaarJk 


YL 


|H 


Negretti  &  ZamV«% . 


VIII. 


Mr.  Milner. 


moot) 
IT.' 


<teW 


ON  THIS  KAINFALL  IN  THIS  BBITI8H  ISLES. 
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J-GAUGES  (continued). 


ightof 

ill 

Equivalent*  of 

Error  at 

luge. 

water. 

scale-point! 

Remark*  on  position,  &c. 

Above 
1    \ZnL 

specified  in 

Scale- 
point. 

Grains. 

previous 
column. 

as 

il    feet 

in. 

in. 

6        32 

5-00 

•1 

530 

—'007 

Neither  trees  nor  buildings  within  a 

38. 

5-00 

•a 

1020 

—  •006 

considerable    distance.      Gauge    is 

5-00 

•3 

1505 

-003 

thoroughly  exposed  on  a  frame,  ele- 

500 

•4 

1980 

correct. 

vating  it  to  the  above  height.    Flat 

M  5*000 

•5 

2490 

—  *O02 

country  all  round. 

6        96 

7*97 

•1 

1220 

+•003 

Position  very  unsatisfactory,  in  a  con- 

39- 

7*95 

•2 

2480 

+•002 

fined  back  yard,  sure  to  catch  drip- 

79o 

•3 

3700 

+  005 

pings  from  a  tree  in  N.E. ;  had  it 

8*00 

moved  a  few  feet  as  being  better, 

M  7-955 

but  still  Terr  objectionable. 
Gauge  in  a  large  garden,  quite  ex- 

0       61 

IO'OO 

•1 

2520 

correct. 

40. 

1 

10*08 

•2 

5010 

-f-*002 

posed. 

1 

99m 

•3 

77*o 

-•006 

IO'OO 

M  10*000 

6       50 

500 

•1 

502 

—•001 

Gauge  kept  at  the  Friends'  school,  on 

41. 

501 
5-00 

•2 
•4 

1000 
aooo 

—•002 
-'003 

a  very  large  lawn,  and  well  exposed. 
Glasses  often  broken  and  fresh  ones 

5-00 

bought. 

M  5-002 

- 

•     420 

800 

.1 

1220 

+•004 

Gauge  in  garden  of  a  house,  said  to  be 
in  High  Harrogate,  but  certainly 
not  in  highest  part  thereof.    Well 

42. 

8'02 

*2 

245° 

+  006 

1 

7-97 

„  7*95 

exposed. 

M  7-985 

0      127 

9-95 
9-98 

Fastened  to  a  stone  slab  on  the  roof  of 
the  factory,  but  as  its  area  is  2  acres, 

43- 

10*05 

the  height  above  ground  is  measured 

IO'OO 

to  the  turf,  wherewith  the  roof  is 

i 

M  9995 

covered,  and  not  to  the  street.    The 
ground  level  is  95  ft.,  the  height  of 
the  factory  28  ft.,  and  of  the  gauge 
4  ft. 
Sufficiently  exposed ;  sunk  in  a  pit  6  ft. 
square  at  top,  sides  formed  with 

erel.  j     0j 

10-05 
9*95 

44- 

1 

10*00 

IO'OO 

flagstones,  sloping   at  40°;    gauge 
stands  in  the  middle,  its  top  level 

1 

H  10*000 

with  the  ground. 

>   7      496 

800 
8*01 

Freely  exposed;    there  are  conserva- 
tories to  the  E.  about  40  ft  distant, 

45- 

1   t' 

1 

1 

796 

but  only  about  10  ft.  high.   Glass 

1 
1 

8'oo 

not  accessible.    Very  hilly. 

*  7-993 

)n|    4*7 

1195 

Gauge  on  slope  of  lawn,  quite  open  to 
S.  W.  Scale-rod  measured  at  several 

46. 

11*90 

1 

1195 

points,  and  appeared  correct.  Cylin- 
der also  true  size  at  the  places  mea- 

1 

12*05 
M  1 1*962 

sured.    [Since  reported  to  give  dif- 

ferent  results  from  a  new  gauge 

placed  near  it     Perhaps  this  one 
has  been  stretched  by  frost] 

4  0 

»»5 

I0'00H 
lOOO,, 

•I 

2530 
5070 

correct. 
—•001 

In  the  garden  of  the  prison ;  very  well 

47- 

1        io-oa„| 
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REPORT — 1866. 


EXAMINATION  01 


M 

fi-S 

■■3  s 


©  a 


County. 


Name  of  station,  owner,  and 
observer. 


11 


Maker'* 


1*1 


4». 


1862. 


Oct  27. 


York 


49- 


So- 


Si 


5*- 


S3- 


54- 


55« 


56. 


57- 


Oct.  17. 


Oct.  28. 


Oct.  28. 


1863. 
April  6. 


April  6. 


April  6. 


April  6. 


Apiil  8. 


June  12. 


York 


York 


York 


Sussex 


Sussex 


Sussex 


Sussex 


Kent 


Middlesex  , 


Huggate,  Pocklington,  Her.  T. 
Bankine. 


vn. 


Middleton,  Beverley,  Rev.  H.  D. 
Blanchard. 


7  York  Parade,  Bererley  Road, 
•  Hull,  J.  Smith.  Jan.,  Esq. 


III. 


Cssella 


.toonfi 
'J. 


Patrington  Flax  Works 


39  Tower,  Leonards-on-Sea,  J. 
0.  Savery,  Esq. 


Marina,  Leonards-on-Sea,  J.  C. 
Savery,  Esq. 


Bleak    House,   Hastings  (Old 
gauge)  Mr.  J.  Banks. 


IX 


m. 


ni. 


IL 


Negretti  A  Zambn  daily. 


Messrs.  Marshall  moath- 
and  Co.  lr. 


Private  


Caaella 


dsik. 


Fairlight,  J.  Bock,  Esq. 


Newman ^7* 


Negretti&Zamln  Mr- 


West  Wickham,    Bey.   J.   T. 

Austen. 


..•  dsilr. 


Colney  Hatch,  Mr.  Rose . 


Xegretti&Zanibra  icA< 
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ht  of 

Diameters 
(that  marked 
M  =mean). 

Equivalents  of 

Error  at 

LfiTC. 

water. 

scale-point, 

specified  in 

previous 

column. 

Bemarks  on  position,  Ac. 

si 

A 

1 

buvc 
crcl. 

Scale- 
point 

Grains. 

f«*. 

in. 

in. 

lO'Oi-q 

M  io*oc8 

55© 

IOOJtq 

9*9*  » 

Bad  gauge,  badly  placed.    Mr.  Ran- 
kine  had  no  measure  except  a  scale 

48. 

lO'OO,, 

of   inches,    halves,    and    quarters, 

9'9*» 

painted  on  a  box  into  which  the 

1 

H  9997 

water  was  poured.    A  shrub,  nearly 
a  foot  higher  than  the  gauge,  grew 
close  to  it  and  overhung  it,  and 
about  1 5  feet  to  E.  there  was  a  tree 
20  feet   high.     Observations  use- 
less. 

>         I50 

503 

•1 

50a 

correct 

Freely  exposed  in  kitchen-garden. 

49- 

• 

500 

•» 

IOOO 

correct 

1 

505 

*3 

1510 

—•002 

\ 

„  5oo 

•5 

2530 

—•006 

' 

M  5*020 

lO  •       11 

800 

•1 

1230 

+•003 

Bather  sheltered,  house  30  feet  high, 

50. 

\ 

798 

*a 

2470 

+  005 

being  scarcely  30  feet  distant   in 

• 

1 

8-02 

'4 

5090 

—•001 

N.E. 

1 

800 

•5 

6300 

+  004 

M  8*000 

1 

10*02 

Not  tested  for  same  reason  as  No.  5. 
Gauge  in  flower-garden,  150   feet 

5»- 

998 

lO'OO 

from  house  or  nearest  tree.    Level 

9'97 

ground  for  miles ;  but  a  ditch  near 

H  9992 

t  gauge. 

3         11 

C'OO 

•1 

500 

—•001 

In  the  garden  of  Martello  Tower,  No. 

5*- 

498 

5 

2510 

—•006 

39 ;  quite  exposed.   About  1 00  yards 
from  high-water  line. 

1 

501 

1 

500 

1 

M  4*998 

•1              41 

500 

•1 

500 

—•001 

Li  yard  at  back  of  Marina  ,*  very  much 
sheltered  by  buildings  on  SJ2.,  S~ 

53* 

5-02 

5 

2510 

-•005 

501 

and  S.W. 

500 

M  5*007 

- 

0  ,      80 

I2*00 

•1 

.  3000 

—•006 

On  the  slope  of  a  steep  bill  facing 
S.W.    House  20  feet  high,  10  feet 

54- 

1 

I2'10 

•21 

6000 

-003 

| 

II*70 

•31 

9000 

—•009 

to  N.E.,  all  else  quite  open* 

IIQO 

1 

M  11-925 

6  '      50O 

8-02 

•1 

I300 

—•002 

Very  fair  position,  on  S.  slope  of  the 

55* 

j 

798 
801 

'3 

3880 

-•005 

hill;  house  2  5  feet  high,  30  feet  to  N. 

8*oo 
M8003 

1 

3S0 

12*15 

12*09 

Freely  exposed,  in  kitchen-garden,  on 
the  W.  slope  of  a  small  hill,  not  far 

56. 

12' IO 

from  its  top. 

I2*l6 

1 

M  12*125 

>    0!      164 

S-oo 

*i 

1300 

-•003 

On  sloping  roof  of  asylum  facing  S.W., 
in  which  direction,  however,  there  is 

57- 

, 

795 

•2 

2540 

—  •001 

1 

8*03 

•3 

3830 

—•002 

a  chimney  about  20  ft  distant  and 

830 


REPORT — 1866. 


EXAXHllM 


O  1 

Ji 


County. 


Name  of  station,  owner,  and 
observer. 


It 


MaWiiMt 


59- 

6o. 
6i. 


1863. 
July  27. 

July  *7. 

Aug.  4* 
Aug.  4, 


Kent 


Kent 


Antrim 
Antrim 


6a. 


63. 


Aug.  31. 
Septa. 


Northumberland 


Durham. 


Chartwell,    Westerham,  J;  0. 
Oolquhoun,  Esq. 


River     Hill,     Sevenoaks,     J. 
Rogers,  Esq. 

Linen  Hall,  Belfast,  Mr.  Stewart 


Queen's  College,  Belfast,  Mr.  J. 
Bell 


Rosella  Place,  N.  Shields,  R. 
Spenoe,  Esq. 


Sunderland,  West  Hendon,  T. 
W.  Backhouse,  Esq. 


m. 


Casella 


Knight 


Jfc. 
id.- 


IV. 
IV. 


NegrettiiZimbragi. 


Dr.Ogfa.. 


64. 


65 


66. 


67. 


Sept.  2. 


Septa, 


Sept  9. 


Sept.  9. 


Durham. 


Durham. 


Devon., 


Devon., 


Hendon  Hill,  Sunderland,  J. 
W.  Mounsey,  Esq. 


Field  House,  Sunderland,  Rev, 
GhHiff. 


Plymouth,  Saltram  Qardens,Mr, 
J.  Snow. 


Plymouth,  Ridgeway,  Miss  B. 

T.  r 


,  Phillip*. 


m. 


VII. 


in. 


in. 


Private 


'la 


.*■* 
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GAUGES  (continued). 


it  of 


&bore 
•ea- 

lcvel. 


Hi 

.S^S    II 


Equivalents  of 
water. 


point 


Grains. 


Error  at 

scale-point, 

specified  in 

previous 

column. 


Bemarks  on  position,  Ac. 


U 


,fat 

500? 

520 

H 
5* 


ol 


«*4 


&      116? 


in. 

M  7-990 
5*oa 

498 

5-00 

M  5-000 

498 

,,  4*99 

M  4985 

11-28 
11*29 

Minis 
11*39 
ii*35 
11*04 

M  11*293 


7*98 
8*oa 

7-95 
796 

M  7978 

2*1 
2*1 

Mi- 100 


*4 
"5 

•I 

*2 
'3 
4 

*2 

*3 
•5 
I'O 
•05 
•1 

•OS 
•I 


•1 

•2 
3 
'4 
•5 
•5 

I'O 


5040 

0300 

500 

xooo 

15x0 

1980 

1000? 

1440 

2460 

4920 

1250 
2500 

1240 
2500 


1200 
2480 

3760 

5100 
6280 

440 
880 


iSo 


98 


96 


116 


—•002 
•»*ooa 
—•001 
—•002 

—  •004 
+•001 

—  •003 
+•008 
correct 

-f*002 

correct. 
+•001 

-f-coi 
-pool 


+•005 
+  004 

-f**002 
-004 
+  •003 


4-97 

•1 

5IO 

-•004 

4'95 

•2 

IOIO 

-006 

4*98 

'5 

•540 

—•019 

„  4"97 

M  4968 

995 

•05 

1260 

—•001 

IO'OO 

•I 

2520 

—•001 

985 

9*9° 

If  9925 

5-00 

•1 

500 

—•001 

4*97 

•3 

1500 

-•004 

4*99 

•4 

1980 

—•001 

^5'°° 

5 

2490 

-004 

M4990 

5*01 

•I 

510 

—•002 

499 

'2 

1000 

—•001 

5-03 

*3 

1500 

—•001 

5'02 

5 

2480 

-p002 

15  ft.  higher  than  the  gauge.  Gauge 
about  1  ft  above  elates. 

Some  trees  W.  of  gauge,  but  not  near 
enough  to  influence  the  amount  col- 
lected. It  is  placed  on  face  of  a  hill 
sloping  to  E. 

Funnel  toed  about  1  ft  above  the  gar- 
den wall:  rain  runs  down  a  pipe 
into  a  graduated  glass  receiver. 

Quite  unsheltered. 


Formerly  stood  E.  of  the  college  build- 
ings, 9  ft  above  ground,  but  having 
been  intentionally  damaged,  was  re- 
moved about  two  months  since  to 
the  S.,  where  it  now  stands,  7  ft 
1  in.  above  ground;  it  will  finally 
be  erected  on  a  stone  pier  9  ft  3  in. 
above  ground. 

In  vegetable  garden,  more  sheltered 
by  fruit-trees  than  is  desirable. 


An  extraordinary  gauge,  consisting  ©f 
a  stout  glass  tube  about  a  foot  long 
and  half  an  inch  internal  diameter, 
opened  out  at  the  top  to  a  cylinder 
2*1  inches  in  diameter;  the  divi- 
sions are  on  the  tube ;  the  whole  is 
of  glass,  and  there  is  no  provision 
against  frost  or  evaporation.  Posi- 
tion good. 

Very  near  to  No.  63  (the  grounds  ad- 
join).   Position  very  good. 


In  kitchen-garden  of  Field  House,  sub- 
sequently called  "  The  Hall." 


Well  exposed ;  but  being  so  dose  to 
the  ground,  recommended  that  moss 
or  short  cut  turf  be  put  round  it  to 
prevent  splashing. 

Well  placed,  on  grass  plot,  but  rather 
too  near  an  apple-tree;  suggested 
its  being  moved  a  few  feet. 


59- 


60. 


61. 


62. 


63. 


64. 


66. 


67. 
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BEPOBT— 1866. 


EXAMmnoy  i 


3-f 


S« 


County. 


Name  of  station,  owner,  and 
observer. 


ii 

1° 


Maker's  i 


68. 


1863. 
Sept  9. 


Devon.. 


69. 


70. 


Sept  10. 


Sept  10. 


Devon.. 


Devon.. 


7»- 


71, 


73- 


74. 


Sept  10. 


Sept  11. 


Sept  11. 


Sept  12. 


Devon.. 


Devon.. 


Devon.. 


Devon 


Plympton,  Goodataoor,  H.  BL 
Trebv>  E*!- 


m. 


Dartmoor,  Morley  Clay  Works, 
W.  Martin,  Esq. 


Dartmoor,  Prison  Beservoir,  Mr. 
H.  Watts. 


Dartmoor,  North  Hesaary  Tor, 
Mr.  H.  Watts. 


Milton  Abbot,  Edgeeumb,  H. 
Clarke,  Esq. 


Milton  Abbot,  Endeleigh  Gar- 
dens, Mr.  Cornelius. 


Plymouth,  Ham,  Bev.  C.  Tre- 
lawny. 


UX 


in. 


ra. 


in. 


in. 


See  re- 
marks. 


•  9  \ 


'9i 


.man 


.wed 


c?«J 
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-GAUGES  (continued). 


ht  of 

|2? 

Equivalents  of 

Error  at 

ige. 

lis 
lis 

lis" 

water. 

scale-point, 
specified  in 

Remarks  on  position,  &c. 

3  fe 

a' 

'    AHmw 

i.  ' 

ki«L 

Scale- 
point 

Grains. 

previous 
column. 

feet 

in. 

in. 

1 

H  5*012 

•6 

*95° 

+•008 

5«o 

501 
500 

•1 
•a 

500 
1000 

—•001 
—•002 

In  grass  plot,  in  kitchen-garden;  very 
well  placed. 

68. 

4'9* 

#3 

1400 
2480 

correct. 

The  second  set  of  readings  are  from  a 
large  glass,  not  generally  used. 

«500 

•5 

correct. 

M  5*000 

•6 
•1 
•a 
'3 

*95° 
500 
960 

1420 

+•005 
—•001 
+•006 
+•015 

•4 

1920 

+•013 

| 

•5 

2500 

-•004 

•6 

2900 

+  015 

1 

•8 

395° 

+•004 

| 

ro 

4950 

+■002 

i  •     9°° 

5*°3 

•1 

500 

correct. 

On  lawn,  fully  exposed,  except  to  N.W., 

69. 

1 

498 

•a 

1000 

—•001 

where  the  house,  20  feet  high,  is 

i 

5-00 

•5 

2430 

+•011 

nearly  50  feet  distant 

\ 

,-.5*°* 

I'O 

4850 

+'o»4 

M5007 

•     3  '  XfOO 

5*00 

•1 

495 

correct. 

Placed  near  the  lower  reservoirs,  on 

70. 

. 

5*oa 

•3 

1440 

+•010 

the  E.  slope,  and  nearly  at  the  foot 
of  North  Hessarv  Tor.    It  is  about 
100  feet  W.  of  the  prison,  fully  ex- 

1 

498 

'5 

4480 

correct. 

1 

„  5"01 

I'O 

4940 

+•004 

M  5*002 

posed,  and  about  20  feet  higher  than 

the  ground  on  which  the   prison 
stands. 

0 

2596 

5-00 

•I 

495 

+*OOI 

Nearly  at  the  top  of  the  hill,  about  £ 
of  a  mile  N.W .  of  No.  70. 

7«- 

5-00 

•3 

1440 

+•011 

1 

5'04 

%     5 

2480 

+•002 

«5'°° 

1*0 

4940 

+•008 

M  5010 

lo  '    i6o7 

500 

•1 

500 

—*coi 

On  slope  of  a  hill  facing  S.,  sufficiently 
exposed ;  at  foot  of  the  hill  (20  feet 
below  Che  gauge)  is  a  small  surface 

7a. 

1 

5*oo 

•a 

iooo 

—•002 

1 

500 

•3 

1500 

-•003 

I 

„  so1 

4 

2000 

-•003 

of  running  water. 

1 

M  5'ooa 

•5 

2500 

—•004 

6  1    i  «o? 

500 

•1 

500 

—•001 

Gauge  well  placed,  in  a  level  part  of 

73- 

499 

•a 

IOOO 

—•002 

the  kitchen-gardens. 

501 

•3 

1500 

—•003 

w5'°° 

'4 

aooo 

-•003 

M  5*000 
675 

'5 

2500 

-•004 

0 

9* 

-•1 

laoo 

-035 

A  very  old  established,  but  also  a  very 

7+ 

670 

•a 

2050 

—•030 

unusual  gauge,  consisting  essentially 
of  a  catching  apparatus,  and  a  sepa- 

670 

•3 

2900 

—'026 

1 

665 

•4 

3900 

—•038 

rate  one  for  measuring ;  the  former 
mav  be  described  as  Fig.  X.  fixed  on 
a  dwarf  post,  and  provided  with  a 
tap  for  drawing  off  the  water  into 

M6700 

1 

1 

the  measuring-apparatus ;  a  cylinder 
about  2  inches  diameter  in  which 

| 

floats  a  bung  carrying  a  divided  rod ; 

1 

a  constant   correction   for    "sink- 

,      I 

age"  is  included  in  the  above  tabu- 

* 

884 


mnoM— 1866. 


EXAMIHAIK*'! 


5*8 


II 


-4 


County. 


Name  of  station,  owner,  and 
observer. 


MaJtcr*.. 


1863. 


75- 


76. 


77- 


Sept  12. 


Sept  14. 


Sept  14. 


7*. 


Sept  14. 


79- 


80. 


Sept  15. 


Sept  15. 


81. 


82. 


Sept  15. 


Sept  15. 


Sept  16. 


Sept  16. 


Sept  16. 


Devon 


Devon 


Devon 


Devon 


Devon 


Devon 


Devon 


Devon 


Devon 


Devon 


Devon 


Ivybridge,  Torrhill,  J.  Widdi- 
oomb,Esq. 


Torquay,  Woodfield,  B.  Vivian, 
Esq. 


Newton  Bushel,  High  Wick,  Dr. 
Bar  ham* 


Bovey  Tracey,  John  Divett,  Esq. 


Teigmnonth,  W.  C  Lake,  Esq. 


Teignmouth,  W.  C.  Lake,  Esq. 


Teignmouth,  Westbrook,  Miss 
K.  T.  Clark. 


Dawlish,  Cliarlton  Villa,  P.  J. 
Margary,  Esq. 


Exeter,  Pennsylvania,  Ck  Ken- 
naway,  Esq. 


Exeter,  Albert  Terrace,  W.  Vi- 
cary,Esq. 


Exeter,  Albert  Terrace,  W.  Vi- 
eary,  Esq. 


1H. 


Negretti  &Zunbr»-G 


vni. 


III. 


>di 


Knight 


NegretU&2uBbra.. . 


m. 


m. 


m. 


m. 


di 


Stt 

d 


Amateur......... 


Negretta&2uabra9« 


Xegretti&liwbn., 
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of 

kr*L 


feet 


170 


150 


250? 


H 


»i    *> 


6o 


50 


*;  61 


*93 


iAo 


160 


Equivalents  of 
water. 


Scale- 
point 


50a 
500 
498 
500 

M  5-000 
800 
781 
8x6 
8-oa 

M  7*998 
5,oo"q 
5*02 

5*°2 
498. 

M5aooo 

5*05 
5'OS 

M  5*050 
798 
798 
798 
8*oo 

M7987 

5*QO 

505 

5'oa 
500 

M  5*017 
505 
5"o+ 
500 
50a 

M  50*7 

495 
501 

5<>5 
M  5010 

503 
504 
5<* 

ifS°5 

M  5*040 

r95 

8 '02 

3'02 

M  7-990 
7-96 
796 


•1 
•a 

*4 

•5 

09 

•2 

•4«S 


x  c.  in, 
*    ,. 
\    .• 
5    » 


Grains. 


•1 

•2 
*3 

*5 

•I 
'2 
3 
4 
*5 
'I 
*2 
3 

'4 
*5 

•i 

•2 
"3 
5 

l-Q 
'I 
"2 
3 
*5 

•I 
•2 


5IO 
I020 
I580 
2080 
2580 
I230 
2640 
60OO 


260 

520 

IOjO 

X20O 


Error  at 

scale-point, 

specified  in 

previous 

column. 


1320 

2600 
6370 

480 

980 

1500 

2490 

498 

980 

1500 

2000 

2500 

55o 
1030 
1550 
2030 

2570 

410 

820 

1 120 

1930 

393o 
1260 
2510 
3830 
6yo 

1260 
2510 


—  •003 
-••006 
—•019 
—•020 

—  •020 

—  •007 

—  •008 
—•008 


—  •001 

—  •003 

—  •003 
correct. 


—•004 

—  "005 

—  •003 


+•004 
+  004 
correct. 

+  'OOI 
-f 'OOI 

-+-004 

-f-'OOI 
4-001 
-j-'OOI 

—•016 
—  •007 
—•011 
—•008 
—•016 

+■019 
+•038 
+•078 
+•  118 

-f '222 

correct. 
+•002 
+•003 

-f  *002 

correct, 
-pool 


Remarks  on  position,  Ac. 


lated  errors,  which  the  said  correc- 
tion of  *02  increases. 

In  terraced  garden,  3  feet  from  the  6- 
feet  fall  of  an  E.  and  W.  wall. 
House  20  feet  high,  about  20  feet  N. 
of  gauge. 

[Correct  glass  forwarded  17Noy.  1863.1 

Funnel  very  much  out  of  shape,  had 
been  much  battered.  Position  not 
good,  on  a  steep  declivity  facing 
B.W.    Another  gauge  (inaccessible) 

•    on  roof. 

Moderately  pood  position,  in  a  garden 
sloping  slightly  to  N.W. 


Measuring-glass  broken  and  almost 
useless.  A  new  one  supplied.  Gauge 
in  flower-garden,  rather  too  near  the 
house. 

Observations  from  this  station  sup* 
pressed,  the  position  being  extremely 
unsuitable,  and  no  improvemet  prac- 
ticable. 


See  above ;  gauges  Nos.  79  and  80 
close  together. 


Very  good  position,  near  the  crest  of 
the  lull  t  ground  undulating. 


On  lawn  in  a  good  position,  very  open 
to  all  but  N.E.,  and  not  mucn  shel- 
tered even  from  that 

[Diameter  of  funnel  increased  to  5*12 
inches,  and  gauge  thereby  rendered 
almost  correct,  Oct.  1863.] 

Thoroughly  exposed,  on  a  large  lawn. 
Had  not  been  in  use  many  months ; 
previous  observations  cancelled* 

[New  glass  graduated  correctly,  sup- 
plied Nov.  1863.1 

*     •  *  -  —  -*   on  small 


Position  moderately  good, 
grass  plot  in  rear  ofhou* 


Fixed  with  the   funnel   rising  1  ft. 
above  the  top  of  the  gable-end  of 


75- 


76. 


77. 


7«. 


79« 


*Q, 


81. 


82. 


83. 
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EXAMDJAHOX 


\i 


86. 


87. 


88. 


89. 


1836. 


Sept  16. 


Sept,  16. 


Sept  16. 


Sept  16.  DeYon 


County. 


Devon 


Devon 


Devon 


90.   Sept  17 


9*- 


9*. 


93. 


94. 


95- 


Sept  17, 


June  8. 


June  8. 


Sept  a6. 


Sept..  26 


Devon 
Devon 


Wilts.. 


Wilte.. 


Kent 


Kent 


Name  of  station,  owner,  and 
observer. 


Exeter,  Albert  Terrace,  R  Dy- 
mond,  Eeq. 


Exeter,  High  Street,  W.  H. 
Ellis,  Esq. 


Eieter  Institution 1 . 


Exmouth,  Bvstook,  E.  Divett, 
Esq. 


Exeter,  St  Thomas's  Hospital 


Honiton,  Broadhembury,  Bev. 
W.  Heberden. 


Calne,  Castle  House,  Col.  Ward. 


Calne,  Castle  House,  CoL  Ward. 


Dover  Castle  Keep,  H.  J.  Poul- 
ter,  Esq. 


Castle  Street  Dover,  H.  J. 
Poulter,  Esq. 


n 


m 


Maker's 


vra. 


in. 

H. 

ra. 
m. 
in. 
m. 

in. 


••  •••«  ■••••••«••• 


l 

Knight  &  Foster.  ]  91 

I 
/ 


••••••.•••m*<« 


Casella V 


CaselU  9* 


•■! \ 
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sight  of 

ill 

11 

Equivalents  of 

Error  at 

/ 

pige. 

water. 

Male-point, 
specified  in 

Bemarks  on  position,  Ac. 

if 

,    Atwvra 

id. 
in.1 

sea- 

fereL 

Scale- 
point 

Grains. 

previous 
column. 

feet 

in. 

in. 

i 

7'97 

*3 

3830 

-•004 

the  coach  house ;  about  6  ft.  of  pipe 

i 
i 

8  00 

•5 

6310 

—  •001 

conducts  the  rain  into  a  bottle  placed 

1 

M  7-972 

in  an  accessible  position.  This  gauge 
is  30  ft.  from  No.  84. 

d  |    *4* 

503 

•r 

500 

—•001 

About  200  ft.  from  No.  84.  In  a  good- 

86. 

1 

502 

"2 

990 

-f-'OOI 

sized  garden,   rather   sheltered  bj 

4-9« 

3 

1460 

+•006 

some  peas,  which  were  removed,  and 

500 

5 

2460 

+•005 

a  promise  was  given  that  nothing 

M  5*007 

should  shelter  it  again. 

0  >    180 

987 

•1 

2050 

—  •003 

Bises  about  a  foot  above  flat  roof  of 

87. 

io-ia 

•2 

4120 

—•007 

observatory;    funnel    taken  down, 

992 

3 

6200 

—  •012 

restored  to  a  truly  circular  figure, 

1 

lO'IO 

•5 

10330 

—•020 

and  a  correct  glass  supplied. 

l 

M  10*003 

7  1    1*5 

?6~ia 
?6i6 

Gauge  so  constructed  that  true  dia- 
meters could  not  be  taken ;  position 

88. 

1     •" 

1 

very  unfavourable;  fastened  on  a 
wall,  and  with  a  very  fine  holly  tree 

6  ft.  above  the  gauge  and  not  3  ft. 
from  it.    It  was  immediately  out 

; 

1 

down. 

0     340 

512 

•1 

520 

—■003 

On  a  raised  part  of  the  roof,  near  its 
centre,  and  perhaps  20  ft.  from  the 

89. 

i 

4'9« 

•2 

1000 

+•002 

„4*96 

•3 

1500 

+•003 

nearest  side. 

1 

4 

2020 

-f-*ooi 

J         . 

M  5-050 

•5 

2520 

-f-'oo* 

°l     5<>t 

Very  old  and  roughly  made,  much 
sheltered  by  trees,  especially  by  a 

90. 

♦|  4oo 

4-96 

•1* 

500 

—•002 

wall-like  row  of  lofty  poplars. 
In  the  hollow  stump  of  a  tree,  well 

91. 

4'9« 

•a 

985 

correct. 

exposed  in  every  direction  excepts., 

500 

•3 

1500 

-•005 

where  some  laurels  were  growing 
too  high.     Mr.  Heberden  promised 

4*97 

*5 

2480 

-•005 

M  4977 

to  have  them  cut. 

it 

ISO 

500 

•1 

500 

—•001 

On  lawn  in  an  open  position ;  ground 

9*- 

5<x> 

•2 

IOIO 

—•004 

level  for  some  distance  round  the 

500 

*3 

15x0 

—005 

gauge,  but  it  falls  to  a  lower  level 

I 

5-00 

4 

2010 

—  •005 
— -008 

about  100  yards  to  the  S. 

] 

M  5000 

*5 

2520 

°l   182 

4*99 

•1 

5oo 

—  *OOI 

On  roof,  water  conveyed  by  pipe  into 
ground  floor ;  experiments  often  re- 

93. 

501 

•2 

1 100 

—•004 

4*97 

3 

1520 

—•007 

peated  show  that  the  loss  in  passing 

„s°° 

•4 

2020 

—•008 

through  this  length  of  pipe  is  almost 

M  4993 

*5 

2530 

—•012 

inappreciable. 

0 

5« 

503 

■1 

500 

—•001 

By  permission  of  the  officer  in  com- 

94* 

501 

•2 

1000 

—  •003 

mand  of  the  garrison  this  gauge  was 

4'94 

•3 

1520 

—•008 

placed  on  the  summit  of  the  keep, 

,   4*97 

5 

2520 

—  'Oil 

the  highest  point  of  the  Castle,  and 

M4988 

regimental    orders    issued    for  its 
protection  by  the  bombardiers  on 
duty. 
Funnel  made  by  a  local  workman  as 

•|     16 

47« 

•1 

500 

-009 

95- 

479 

•2 

1000 

-•017 

"  exactly  5  inohes !"    A  new  funnel, 

479 

*3 

'1520 

—•030 

5*03  in.  in  diameter,  was  sent  to  re- 

1*1 

£ 

— — 
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M 
Is 

i] 

County. 

Name  of  station,  owner,  and 
otasciTcr. 

ii 

Msfas/s»m   "? 

11 

1864. 

96. 

97- 

Jan.     4. 
Apr.  25. 

Cobham  Lodge,    Miss  Moles- 
worth. 

Thornton  Beserroir,  Leicester 
Water-works,  Mr.  Allen. 

in. 

Knight  

Trooghtoo 2i 

Leicestershire    ,.. 

IV. 

98. 

May    2. 

Leicestershire    ... 

Fleckney,  Mr.  Putt 

HL 

KegicttiAZnbnlti 

99- 

May    5 

Leicestershire    ... 

Leicester,  Wigaton,  T.  Burgess, 
Ssq. 

X. 

1 
Negrettii&nihn' 

100. 

May    5. 

Leicestershire    ... 

Leicester,  H.  Billson,  Esq 

X. 

Kegretti&Zisilnu..  • 

101. 

Sept    5. 

Kent  ,... 

Margate  Royal  Sea-Bathing  In- 
firmary, British  Association. 

in. 

1 
CaseUa  

102. 

Sept  10. 

Lancashire., 

Boyton,  Oldham,  Mr.  Heap.  ... 

IV. 

J*** 

roj. 

Sept  1a. 

Lancashire 

Manchester,   Piccadilly,   Man- 
chester, Sheffield,  and  Lin- 
coln Railway  Company. 

vm. 

1 
CasarteDi  ,..— -9*^ 

1 

l 

104. 

Sept  1  a. 

Lancashire..  .«•.... 

Manchester,  Old  Trafford,  G. 
V.  Vernon,  Esq. 

X. 

NegirtUA&«*»' " 

1 

105. 

Sept  13. 

Lancashire. 

Manchester,    Castleton    Moor, 
Rev.  J.  C.  Bates. 

ra. 

1 

CaseUa  'l** 

_j____ 
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htof 

pi 

J  IS   B 

Equivalents  of 

Error  at 

«e- 

water. 

wale-point, 
specified  in 

Remarkfl  on  position,  &e. 

8  c 
8.8 

Above 

Scale- 

Grains. 

previous 

«§  § 

ferel. 

point 

column. 

w  rt 

f«t 

in. 

in. 

483 

•5 

2520 

—  048 

place  thif  one.  Position  rather  shel- 

M 4797 

tered,  but  the  beat  available. 

100 

5*00 

•1 

500 

—•001 

Fir-tree  30  feet  high,  50  feet  K.  of 
gauge,  and  house  40  feet  high,  30  feet 
8.  of  it,  the  former  having  grown  since 

96. 

5*02 

•2 

1000 

—  *OOI 

-  501 

3 

1500 

— -002 

^5*°° 

4 

2000 

—  *002 

the  gauge  was  placed  there. 

M  5*007 

"5 

2510 

—•005 

'    374 

10*15 

*i 

2550 

—  025 

Gauge  only  holds  1*54  inch,  a  decided 
fault.    Position  E.  of  the  reservoir 

97. 

10*16 

•21 

4900 

—•031 

lO'II 

*3* 

7250 

—•036 

embankment  and  below  it,  but  so  far 

10*15 

•40 

9050 

-•045 

to  the  E.  that  nothing  rises  10°  above 
the  gauge.    In  a  valley  running  E. 
and  W. 
Hedge  2  feet  high,  6  feet  S.W. ;  some 

M  10*142 

So 

11050 

-042 

4S* 

5*02 

•1 

450 

-f'OIO 

98. 

502 

•2 

95° 

-j-'OIO 

trees  in  W.  rise  to  32°  above  gauge. 
Sunk  in   garden.      Glass  wrongly 

502 

*3 

1480 

+•004 

502 

*4 

2000 

correct. 

divided,  being  one  division  short  at 

«     *>? 

M  5*020 
800 

*5 
*i 

2500 
1240 

correct 

-f*002 

the  bottom.     [Fresh  glass  supplied.] 
Bather  surrounded  by  vegetables ;  sug- 

99. 

8-01 

*2 

*475 

-P005 

gested  a  removal,  about  10  feet. 

798 

"3 

3700 

+•008 

8*oo 

*4 

4970 

+•008 

1 

If  7*997 

•5 

6280 

+  005 

o     230? 

8  00 
800 

•I 
*2 

1250 
2500 

+•001 
+•003 

Sheltered,  especially  in  S.W.,  by  trees 
rising  to  50°,  in  N.  to  45°,  and  in  S. 

IO    . 

799 

3 

3750 

+  004 

to  36°.       . 

800 

•4 

5°5° 

4"*002 

1 

M  7-998 

•5 

6280 

+•005 

0       *5 

5-00 

•1 

496 

correct. 

About  100  tarda  from  the  sea-shore  in 
garden  of  principal  medical  officer ; 

IOI. 

500 

•2 

1000 

—•002 

5-00 

3 

14.90 

—  •001 

quite  exposed. 

1 

500 

*4 

2000 

—•003 

[Reexamined  June  2nd,    1866,    and 

H  5-000 

•5 

2490 

—  •002 

found  in  good  order.] 

0     4*4 

9*95 

05 

1 100 

-•005 

On  sideof  slight  valley,  sufficiently  open. 

102. 

10*12 

•IO 

2000 

correct. 

Gauge  very  rough,  the  measure  being 

10*03 

•15 

3000 

correct. 

a  tin  can  with  a  glass  slit.    [New 
gauge  since  supplied,  as  the  correct- 
ness indicated  by  these  measurements 

10*11 

•a© 

3990 

+•001 

M  10*052 

"25 

4910 

-|-*oo5 

was  believed  to  be  fortuitous.] 

0     194 

867 

•1 

1420 

-f-'OOl 

Box  fastened  to  a  plank  between  two 
ridges  of  the  roof ;  quite  exposed. 

103. 

8*55 

•2 

2840 

+'002 

826 

'4 

5720 

*.    «P002 

856 
M8510 

"      106 

803 

•2 

2480 

-f-co4 

In  garden  at  back  of  Osborne  Place, 

104. 

797 

"4 

4950 

+•009 

rather  sheltered,  especially  by  a  tree 

- 

7*99 
M  7993 

20  feet  high,  10  feet  N.E.  of  gauge. 

0     475 

3'oo 

•1 

170 

+■005 

This  and  the  following  gauges,  to  No. 

105. 

301 

•2 

340 

-f-*oio 

113  inclusive,  are  placed  in  the  gar- 
den of  St.  Martin  s  Vicarage,  about 

3*00 

3 

55o 

+•007 

3%oi 

4 

720 

-j-*002 

I  of  a  mile  S.E.  of  Blue  Pits  station. 

~~ — 

z2 


340 
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EXAMINATIO.X  C 


a 


|c 


County. 


Name  of  station,  owner,  and 
observer. 


1° 


Maker,  i 


-  3 


106. 


107. 


108. 


109. 


ui, 


112. 


113. 


114. 


115. 


116. 


1864. 
Sept  13 

Sept  13. 

Sept.  13. 

Sept  13. 

Sept.  13. 

Sept  13. 

Sept  13. 

Sept  13. 

Sept  24. 

Not.  26. 


1865. 
Mar.  22. 


Lancashire.. 


Lancashire.. 


Lancashire.. 


Lancashire.. 


Lancashire.. 


Lancashire.. 


Lancashire.. 


Lancashire.. 


Leicestershire 


Middlesex  , 


Kent 


Manchester,  Osstleton   Mour, 
Ber.  J.  O.  Bates. 


Manchester,  Castleton    Moor, 
Ber.  J.  C.  Bates. 


Manchester,  Castleton    Moor, 
Ber.  J.  C.  Bates. 


Manchester,    Osstleton    Moor, 
Rev.  J.  C.  Bates. 


Manchester   Castleton    Moor, 
Rev.  J.  C.  Bates. 


Manchester,   Castleton  Moor, 
Bey.  J.  C.  Bates. 


Manchester,  Osstleton    Moor, 
Ber.  J.  C.  Bates. 


Castleton    Moor,    Ber.  J.  C. 
Bates. 


Owston,    British   Association, 
Miss  Gilford. 


Highgate  Nurseries,  J.  Cutbush, 
Esq. 


Welling,  Bexley  Heath,  H. 
H.  Wollaston,  Esq. 


1 


vn. 


m. 


m. 


xn. 


in. 


ni. 


m. 


CbaelU   lea. 


Case?]*   J  9 


Negrettift  Zaatev  9  a.  1 
Negretti&ZamW?  xs 


ZmatoJn 


NegretU& 


OaselUi    /#*.« 


Casella 


H.  S.  H.  Wo0bs-:9i 
ton,  Esq.  I 
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jhtof 

Diameters 
(that  marked 
M-mean.) 

Equivalents  of 

Error  at 

V- 

water. 

scale-point, 
specified  in 

■  Atxn* 

•ea- 
>|  lereL 

Scale- 
point 

Grain*. 

previous 
column. 

i 

in. 
M  3*005 

in. 

1    475 

7'99 

•1 

1260 

correct. 

798 

"a 

*54<> 

— -ooi 

795 

'3 

3800 

—  •001 

1 

i 

S'oo 
M  7-980 

'4 
"5 

5050 
6300 

correct. 

+*OOX 

'    475 

jo-oo* 

•I 

3560 

—•001 

. 

1000,, 

•a 

51  ao 

-003 

10*00,, 

'3 

7630 

—•00a 

1 

10*00  „ 

*4 

10x60 

—•002 

M  10*000 

'5 

12620 

correct 

»]    475 

500 

•1 

506 

—•002 

500 

•a 

1020 

—•006 

I 

50a 

3 

1500 

—•002 

i 

^«8 

•4 

2000 

—•003 
—  •008 

1 

M  5  000 

"5 

2520 

»    479 

500 

•1 

500 

—  ■oox 

0« 

•1 

980 

-f -ooa 

500 

•3 

1480 

correct. 

„  4'98 

4 

'975 

correct. 

I 

M  4-990 

'5 

*474 
500 

—  •001 

°,   494 

500 

•1 

—•oca 

498 

•a 

X020 

—006 

1 

500 

'3 

1500 

—  •003 

i 

500 

'4 

2000 

-004 

M  4-995 

'5 

2520 

-009 

0 

475 

7*99 

•I 

1260 

correct. 

797 

•a 

25x0 

-f '002 

S'oo 

*3 

3750 

+-OC4 

1 
i 

S'oo 

*4 

5020 

+•004 

M  7-990 

'5 

6310 

+•002 

0     479 

7'9« 

•x 

1260 

4- -001 

1 

800 

•a 

2510 

-p002 

1 

7*98 

3 

3750 

+•004 

,  *°* 

*4 

5020 
6310 

+  004 

H  7-998 

•5 

4-003 

0 

494 

S'oo 

•1 

1260 

+  -COI 

\ 

802 

•a 

2510 

-f-002 

7*97 

3 

3750 

+•004 

1 

800 

*4 

5020 
63x0 

+•004 

I 

M  7*993 

5 

-f  *C02 

°l   5*° 

500 

•1 

500 

— -oox 

1 

4*99 

•a 

990 

oorrect 

1 

500 

3 

1400 
1980 

—•oox 

1 

5*oi 

'4 

4- *oox 

1 

H  5-000 

5 

2480 

oorrect 

°i   394 

500 

•1 

500 

—  001 

I 

5-00 

•a 

1000 

—•ooa 

1 

4'98 

•3 

1500 

-003 

1 

w5'°2 

"4 

2010 

-•005 

• 

H  5*000 

•5 

2505 

-C05 

!|   J5° 

5*95 

•1 

640 

-f'OIO 

, 

5*99   | 

3 

199c 

«f*020 

Remarks  on  position,  &o. 


S 


The  situation  is  quite  open,  and  the 
gauges  are  well  placed. 


East  end  of  village,  on  gentle  slope 
to  N.  and  near  the  crest  of  the  hill ; 
ground  undulates  in  all  directions; 
gauge  well  placed. 

Houses  20  feet  high, 60  feet  N.of  gauge, 
all  else  free.  Hill  drops  rather 
abruptly  to  S. 


I  Tree  12  feet  high,  8  feet  S.E.  of  gauge, 
which  is  0  inches  above  roof  of  green- 


xo6. 


107. 


108. 


109. 


11  a. 


xx3. 


114 


1x5. 


116. 
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J 


"Si 


County. 


Name  of  station,  owner,  and 
observer. 


§ . 


Maker's 


117. 


118. 


119. 


123. 


1865. 


Mar.  22, 


July    1 


July    2. 


Sept  13. 


Sept  14. 


Sept  16. 


Sept.  21. 


Surrey 


Kent 


Kent 


Kew,  Kew  Committee,  B.  Ba- 
ker, Esq. 


Aool,  Margate,  British  Aasooia- 
tion,  £.  8.  London,  Esq. 


vn. 


in. 


-|f 


Bamsgate,  B.  Cramp,  Esq. 


vm. 


Warwickshire    .. 


Warwickshire 


Bedfordshire . 


Calthorpe  Street,  Birmingham, 
W.  Southall,  Esq. 


63  Bloomsbury  Street,  Birming- 
ham, D.  Smith,  Esq. 


Caaella 


Negretti  AZsmbra.  9 1 


NegrotuA2sab»;i' 


Bedford,  Dr.  Barker.. 


Derbyshire. . 


Chatsworth,   Duke  of  Devon- 
shire, Mr.  Taplin. 


vin. 


124. 


125. 


Sept.  25. 


Sept  27. 


Flintshire 


Hawarden,  Dr.  Moffat., 


Denbighshire.. 


Llandudno,  Dr.  Niool 


126. 


Sept.  27. 


Carnarvon . 


LUnfairfeohan,  B.  Luck,  Esq.... 


X. 


in. 


Mr.&MarsUI...  S&j 


Negr*ttiAZ»3ib7»i:»-| 


NegfettiftAmto?* 


CbeelU 
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ight  of 

|1| 

Equivalents  of 

Error  at 

auge. 

i  «  > 

water. 

scale-point, 

specified  in 

previous 

column.  . 

*  ■ 
n. 

Above 
lerei 

Scale- 
point 

Grain* 

feet. 

in. 

in. 

596 

'3 

i 

595 

1 

M  5*962 

3|      »9 

lO'OO 

•1 

2570 

—•002 

10*00 

•a 

5100 

—  •002 

1 

lO'Ot 

IO'OO 

1 

M  10*002 

0 

60 

500 

•1 

495 

correct. 

4'99 

•2 

990 

correct 

501 

*3 
•5 

31 

correct 

—  'OOI 

M  5000 

6 

78 

117 

•I 

2970 

—•006 

12*2 

•2 

5850 

j 

12-0 

•3 

8670 

-•005 

1 

WO 

•4 

11700 

—•on 

Mi  1-975 

"5 

14550 

—  •on 

1   j     510 

8-oo 

•io 

1 120 

-f-'OI2 

S*oi 

•21 

2510 

-f-*OI2 

1 

7*99 

'OS 

520 

-h'0<>9 

8*oo 

1 

1 

Mfl-ooo 

10  1    340 

806 

•11 

1400 

correct 

1 

7*97 

•20 

2500 

+■004 

1 

8*03 

•40 

4980 

-f'OIO 

1 

803 

1 

M  8-oat 

13  1      III 

12*  I 

I2'2 

1 

12*5 

1 

M  12-267 

o|    360? 

805 

•1 

1240 

+•003 

1 

8-00 

•2 

2470 

+•006 

8-03 

'* 

3700 

•f'OIO 

8*00 

*4 

4970 

+*OIO 

M  8*020 

"5 

6250 

-f'OIO 

5 

170 

7*99 

•1 

1280 

—•002 

7'96 

•2 

2480 

+•003 

7*94 

800 

M  7972 

9 

99 

8'02 

•40 

4900 

+•014 

8*05 

•15 

1900 

correct. 

790 

•095 

1230 

—  '002 

7-96 

8-07 

M  8-000 

8 

150 

5-00 

•1 

500 

—•001 

500 

•2 

1000 

-•003 

500 

•3 

1480 

correct 

4*95 
M  4-9*7 

4 

1940 

+•006 

1 

'5 

2490 

—005 

Bemarks  on  position,  &c. 


I 


home  at  foot  of  slope  to  8.  Ground 
generally  level  in  the  neighbour- 
In  Observatory  enclosure,  but  quite 
freely  exposed.  Ground  level  for 
some  distance,  especially  towards  the 
Thames. 

South  end  of  the  village,  in  a  field 
clear  of  all  obstructions.  About  2 
miles  from  sea.  Ground  gently  un- 
dulating. 

Gauge  mounted  on  top  of  thermometer 
stand,  in  the  centre  of  a  kitchen-gar- 
den and  quite  exposed. 


Very  much  sheltered  by  trees,  except 

to  S.  and  S.W.    The  observer  has 

always  taken  010  as  009,  020  as 

0*19,  Ac.,  thereby  nearly  correcting 

the  error. 

Very  well  placed,  in  kitchen-garden ; 

quite  open. 


Internal  diameter  of  cylinder  4*1,  and 
each  0-1  of  scale  =895,  therefore 
gauge  very  nearly  correct ;  shel- 
tered, however,  on  all  sides  by  houses 
and  trees. 

Gauge  on  pedestal  in  kitchen-garden, 
quite  open. 


At  west  end  of  the  village,  in  large 
garden;  position  satisfactory  in  every 
respect. 


On  the  eastern  slope  of  Ormes  Head, 
the  crest  of  the  nill  in  N.E.  rising 
45°  above  gauge;  in  other  respects 
well  placed. 


Freely  exposed  on  the  E.  side  of  a  hill, 
half  a  mile  S.E.  of  Llanfairfechan 
railway  station. 


117. 


118. 


119. 


123. 


124. 


125. 


26. 


844 


report— 1866. 


EXAMINATION 


i« .  -si 
'iJ.  1{ 

ll;ftl 


County. 


Name  of  station,  owner,  and 
observer. 


i 


Makers  name. 


117 


12S 


119. 


130. 


*3* 


131, 


'33 


1865. 
Sept.  17. 


Septa*. 


Sept.  29. 


Sept  30. 


Dec.  28. 


Pec  28. 


1866. 
May  23. 


Cimarron. 


Carnarvon. 


Carnarvon. 


Flintshire 


Surrey 


Surrey 


»34- 


«35 


May  28. 


May  28. 


Kent 


Kent 


Kent 


Bangor,  Rev.  Canon  Purvis.. 


Negretti&  Zemin  91 


Llanberis,  Royal  Victoria  Hotel, 
Mr.  Williams. 


Beddgelert,  Sygun,  Mr.  SearelL 


Rhyl,  Mr.  Evans  , 


m* 


m.* 


xil 


Obsella 


Weybridge,    Rev.   Dr.   Spyer, 
W.F.Harrison,  Esq. 

Weybridse   Heath,    Bartropps, 
W.  F.  Harrison,  Esq. 


Nelson  Crescent,  Bamsgafte,  Dr. 
Smiles. 


Canterbury,  Chartham,  C.  T. 
Drew,  Esq. 


~. Sata 


Negretti&Zamin  90 

03 


Negretti&Zambn. 


XL 


X. 


Negretii  A  Zauta^ 


Negretti&Zambra  j.jJ 
topi 


Canterbury  Barracks 


*  These  and  all  other  gauges  in  North  Wales,  started  under  the  joint  auspices  of  Cqfrin 
Mathew  and  Mr.  Symons,  are  made  with  a  cylinder  about  b  inches  high,  rising  from  the  nm, 
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*t  of 
ge. 

Alvcrre 
levcL 


fort. 
105 


I      370 


1      330 


*        53 


150 


6  1      40 


.S3  II 
05S 


ID. 
798 
8*00 
80O 

8'oo 
M  7995 
500 

4*99 
5*01 
500 
M  5  000 

5*co 
5-01 

499 
500 
M  5*000 
500 
500 

499 
5*oa 
M  5-002 

8-oo 
801 
804 

,    7*99 
M  8010 
8*00 
802 

7*99 
801 
M  8x05 


5-00 
5*00 
5-00 
5-01 
M  5005 

8*05 

7*95 
7-96 
8-02 
M  7995 


Equivalents  of 
water. 


Scale- 
point. 


m. 
•1 
•2 
'3 
•4 

5 
•1 
•2 
'3 
'4 
'5 

•1 

•2 

•3 
'4 
"5 


*i 

•2 
#3 
'4 
•5 


•1 

•40 
•50 


•01 

•1 

•2 

*4 

'5 


Grains. 


Error  nt 

scale  point, 

peciiied  in 

previous 

column. 


1250 
2550 
3800 
4950 
6120 
500 
990 
1490 
1980 
2480 

500 

ICOO 

1480 
1980 
2480 


1270 

2540 
3800 
5100 
6380 


510 

1240 

1983 

*459 


130 
1330 
2550 
5050 
6340 


+•001 

—  *OOI 

correct. 
+•010 
+•018 
—•001 
correct. 
—•001 

•j-'OOI 

correct. 

—•001 

—  •002 
+•002 
-pooi 

correct. 


correct, 
correct. 
+•001 
—•001 
—•002 


-003 
correct. 
+•001 
+•005 


correct* 
— X05 
—•001 
-pooa 
correct. 


Remarks  on  position.  &c. 


On  the  N.  face  of  a  hill,  and  near  its 
foot ;  fair  position ;  mounted  on  a 
pillar  in  the  middle  of  a  garden. 


In  the  garden  of  the  hotel,  a  good 
position,  but  accessible  to  tourists ; 
the  ratio  between  these  returns 
and  those  of  the  other  gauges  on  the 
shores  of  the  lake  are  however  very 
steady. 

On  a  post  (otherwise  would  be  shel- 
tered by  trees)  near  the  bottom  of 
a  gorge,  running  nearly  E.  and  W. 


Gauge  placed  in  a  6-inch  iron  water- 
main,  in  the  yard  of  the  gas-works, 
west  end  of  Rhyl,  100  yards  from 
sea-shore,  and  nearly  level  there- 
with. Glass  inaccessible,  Mr.  Evans 
being  absent 

In  kitchen-garden,  clear,  save  that 
there  is  a  cedar  40  ft.  high  60  ft. 
N.W.  of  gauge. 


In  kitchen-garden  of  Bartropps,  on  the 
northern  slope  of  a  rising  ground 
i  of  a  mile  E.SJE.  of  Weybridge 
railway  station.  Forgot  to  test 
glass.  Mr.  Harrison  informed  me 
it  agreed  with  a  t?sted  ono  subse- 
quently sent. 

Rather  sheltered  by  trees  iu  N J3.  and 
E.,  and  the  house  30  ft  high,  20  ft. 
S.W.  of  gauge.  Recommended  that 
the  gauge  be  placed  on  a  shelf  8  ft 
high,  as  securing  a  better  position, 
but  still  objectionable. 

At  the  paper  mills,  in  a  vslley  runing 
about  E.  and  W.  Rather  sheltered 
by  trees  and  buildings ;  moved  to  a 
clearer  spot 

Gauge  not  tested ;  it  is  noticed  simply 
to  record  that  at  the  date  stated  tins 
gauge  was  enclosed  by  a  high  paling 
so  close  round  it  as  to  utterly  vitiate 
the  returns. 


n 


127. 


128. 


129. 


130. 


131. 


132. 


133- 


»34- 


»35- 


whereby  snow  is  more  adequately  measured.    For  the  comparison  of  a  gauge  of  this  kind, 
with  an  ordinary  No.  III.  gauge,  see  British  Rainfall,  1866. 


ELAMHinor 


e  xn. 


TIL 


^**m*+ 


i^Jfflfx*     Kctf 


Tbr  Gu  fivr.    TIL     nmm  k  7kr*>  ?i 


J.      XL     S«gntti*&K*»  9* 


M*-  *"»4- 


141.  Jane  4.    Kent 

i 
1 


14*,,  Jan*  5,  .  Km* 


£tt»    xn. 


— -,.  lie  Tinne*  Her.  C.    XIL    EUiott 

Wlkoo. 


..-...-  ?«■ 


•S* 


HytKER 


&*...!    X.    jlfcgwtti****' 


«4J. 


*44> 


Jut*  6. 


June  6. 


K«iit 


Kent 


Hythe,  Saltwood  Stone,  O.  S.  j    X. 
Court,  Eaq. 


Hythe,  Horton  Park,  J.  Kirk- 
patrick,  Esq. 


Negwtti4fi»te  9s*1 


Ncgnttitl**11" 


ON  THE  RAINFALL  IN  THIS  BRITISH  ISLES. 

--AUGE8  (continued). 


347 


C     of 

11 

J  3  II 

Equivalents  of 

Error  at 

■-"?_ 

water. 

scale-point, 

specified  in 

preyious 

column. 

Bemarks  on  position,  Ac. 

II 

Soak- 
paint 

Grains. 

a 

in. 

in. 

140 

4-96 
50a 

•01 
•1 

5° 
5°4 

oorreott 
—•002 

In  flower-garden,  quite  clear  except  in 
the  W.,  where  there  are  elms  50  ft. 

136. 

4*99 

•2 

IOOO 

—•00a 

distant  and  70  ft.  high. 

«  5"01 

3 

1490 

—  •001 

M  4*995 

4 
•5 

1980 
1480 

correct. 
—•001 

169 

4-oosq. 

•031 

100 

+•007 

Gauge  on  a  stump  in  flower-garden. 

137. 

4-00 

•063 

250 

+•002 

In  the  N.W.  are  trees  about  70  ft. 

4'05 

125 

500 

+'004 

distant  and  50  ft.  high,  all  else  quite 

1 

■ 

«  4"10 

188 

720 

+•013 

open. 

M  4-038 

**5 

980 

+•012 

•50 

I900 

+•042 

cub.  in. 

',      » 

5-00  sq. 

•01 

'22 

+•001 

In  flower-garden,  fairly  open  in  all 

138. 

1 

5*°4  h 

'i 

*'5 

+•001 

directions. 

1 

5*o*  » 

*2 

5*<> 

+•001 

1 

5-00  „ 

*3 

7-6 

—•002 

j 

1 

M  5015,,. 

•4 
*5 

IO*2 
12*6 

Grains. 

—•006 
—•001 

3  '        9 

S'oo 

*Ol 

50 

correct. 

In  yard  of  water-works,  slightly  shel- 

I39. 

4*99 

'I 

5<x> 

—•001 

tered  from  E.  by  the  tower,  other- 

. 

5-00 

•2 

1000 

—  #oqa 

wise  dear. 

1 

501 

"3 

1500 

—•003 

. 

M  5000 

•4 
*5 

1980 
2480 

+•001 
correct. 

2  i     53 

5-00 

•OI 

48 

correct. 

In  open  vegetable  garden,  clear,  except 

140. 

1 

5-01 

•I 

500 

—•001 

in  N.E.,  where  there  are  lofty  elms 

5-01 

•2 

IOOO 

—•001 

about  90  ft.  off. 

1 
\ 

„  5"°° 

•3 

1490 

correct 

1 

M  5*007 

•4 

*5 

2000 
2500 

—•002 
—•003 

2  |       6a 

4-9* 

•1 

502 

correct. 

In  centre  of  large  lawn,  quite  clear, 

141. 

1 

5-03 

•2 

1020 

—•004 

very  good  position. 

1 

5-05 

"3 

1540 

—007 

1 

,,  5'°5 

'4 

2000 

+  *OOI 

1 

M  5*027 

•5 

2500 

+•001 

6  1       12 

S-oo 

•1 

1270 

correct. 

First  yfath  not  marked,  it  was  there- 

142. 

1 

7*9* 

•a 

1540 

correct. 

fore  cut  on  with  the  writing  diamond. 

805 

'3 

3900 

—•007 

In  large  kitchen-garden,  level  and 
quite  clear.    West  end  of  Hythe. 

1 

8*oo 

•4 

5170 

-00; 

| 

M8002 

•5 

6300 

+•004 

6        *»5 

802 

•01 

130 

correct. 

On  high  ground  near  the  railway  tun- 

*43- 

r*l 

•1 

1300 

—•oca 

nel;  well  placed,  in  Jtitehen-garden. 

7-98 

•2 

*55° 

—  •001 

803 

'3 

3900 

—■007 

M  8-002 

#4 

5100 

—•002 

I 

'5 

6300 

—  •004 

1  -     400? 

7'97 

•1 

1250 

+■002 

In  lam  flower-pot  in  centre  of  lawn. 

Hilt  rise  somewhat  in  N. 

144- 

1 

8-04 

•2 

2500 

+•003 

1 
I 

8*04    ' 
M8-t>7 

*3 

4 

3700 
4850 

+•009 
-foil 

1 

•5 

6100 

-J--020 

*s* 


r— 1866. 


F,\*¥mTTO» 


13* 


Maker's, 


HJ1.IL 


H%k 


X.      Xegr*tti*Zff«fcrw 


XIL  'GmxJI* M 


^-J-** 


14*-  Jar  11 


r.J. 


xn. 


X.      X<«vetti*ZBBfa(& 


,J 


M*.  Jn  IE- 


I5C    J«W  12. 


151.  Jane  rx-  I 


,  15a-  j™»  «- 


153.  June  is. 


«54- 


Jime.3 


J.C.Skwt.    m.   iPriimto  


F.Wd 
Owe. 


BbttKAttrr 
•kr,E»*,Ur. 


r.E-*,Mr.T. 


IIL     C«ell* 


F.Wcb-  IIL 


m. 


Tiliihwii.  Chmh  Hoot*  Mr. 


Ltmborhant,  Scotoey  Cattle,  E. 
Huffy,  Esq. 


LMftbCTtam^  Cooxi  Lodge,  W. 
C.  Morland,  Esq. 


m. 


in. 


CaseDs 


Knight? 


P* 
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of      1 

fij 

.1*11 

Equivalents  of 

Error  at 

water. 

scale-point, 
specified  in 

Eemarks  on  position,  &c. 

bo-*"* 

cvel. 

8ooi«- 
point. 

Grain*. 

previous 
column. 

fcet 

in. 

in. 

17* 

7*97 

•1 

1270 

correct. 

In  kitchen-garden ;  fair  exposure. 

«45- 

800 

•2 

2550 
3800 

— -ooi 

S'oo 

•3 

correct 

801 

•4 

5100 

—•002 

H  7995 

•5 

6360 

—•002 

x86 

5*00 

•01 

50 

correct. 

On  terraced  walk,  on  a  hill  facing 

146. 

499 

•1 

500 

—  'OOI 

W.t  perfectly  open  in  every  direc- 

501 ' 

•2 

1000 

—•002 

tion. 

4'99 

•3 

1500 

-•003 

M4992 

•4 
•5 

1980 
2480 

correct. 
—  •001 

*I* 

5-00 

•1 

510 

-•003 

Open  in  all  directions  except  S.W., 
where  the  house,  30  it  high,  is  only 

*47- 

5-00 

•2 

looo 

—•002 

500 

*3 

1500 

—•003 

about  30  feet  off. 

500 

•4 

2020 

—•008 

So 

M  5*000 

S'oo 

•5 
•05 

2500 
640 

—•004 
—•001 

House  20  ft  high,  10  ft  distant  in  E., 

148. 

798 

•1 

1320 

—•004 

all  else  dear.    [Close  to  gauge  No. 

7*97 

•a 

2550 

—•001 

54 ;  both  are  regularly  observed,  the 

readings  are  "generally  nearly  alike, 

•if  anything  No.  148  is  in  excess/' 

800 
M  7-988 

3 

•4 

3900 
5080 

-•008 

—•001 

5 

6350 

—  "002 

which  is  exactly  what  the  testing 
shows.] 
In  the  middle  of  the  cemetery ;  high 

500 

5-02 
5°4 

149- 

ground  and  very  open;  measured 

496 

occasionally,  but  no  glass  there  on 

5-08 

that  date. 

M  5-003 

4-98 
500 

*OI 

50 

correct. 

In  a  garden,  the  house  25  ft  high, 
being  40  ft  N.  of  the  gauge,  other- 

150. 

f 

•1 

510 

13 

1 

4*97 

•2 

1030 

wise  clear. 

1 

„5'°* 

3 

1530 

-009 

' 

M  4993 

'4 
•5 

2030 
2530 

—  •010 
—•012 

i 

493 

•1 

510 

—  X03 

Slightly  sheltered  from  8.E.,  but  on 
the  whole  in  a  good  position. 

151. 

1 

504 

•2 

IOIO 

—-004 

1 

500 

•3 

1510 

—00c 

—  008 

503 

'4 

2020 

1 

M  5-000 

•5 

2500 

-•004 

>! 

5-00 

•1 

510 

—•003 

On  a  post  in  garden;  rather  sheltered 
in  W.  by  a  tree  30  ft  high,  30  ft  off, 

152. 

1 

5*02 

•2 

1010 

—•003 

1 

502 

•3 

1520 

-006 

and  in  S.W.  by  others  20  ft.  high 

1 

„*# 

•4 

2030 

—  •009 

and  20  ft.  off. 

1 

M  5-005 

*5 

2500 

-•003 

9      Hi 

503 

•1 

540 

-•007 

At  angle  of  the  castle  terrace,  quite 

«53- 

5°l 

•2 

1050 

-008 

open. 

1 

5*08 

3 

1550 

—•007 

„5°» 

> 

2010 

+•002  • 

M  5*045 

•5 

2560 

-•007 

... 

190 

504 

•1 

55° 

—•009 

Not  in  operation,  but  to  be  started 

*54- 

5-08 

•2 

1050 

-•007 

January  1st,  1867. 

503 

"3 

1530 

—•002 

508 

•4 

2030 

correct 

M  5-057 

•5 

2550 

—  •003 

*» 


auojt 


%    '* 


5  £       *  2 

Si    31 


Omar. 


is 


rjr.   Jin*  it,.  E^nt 


xn. 


irtf.  J  in*  i;^  Knir 


i  j-  /in*  i+,  1V-.S 


**▼.  a  Pfc   HL 


Crannronk.   Han 


Crar/nuJtrJ,JaulLLT.Fi5-     IL 


+& 


t$.  Jon*  14.  fea*  _...    EMCfc»nFvi&&F!aHrM     X.      5egx«tti«V2ana*n  oi 

JbSfcca*r  ^ 


1 5>  Jw  14.,  Kent 


I 


i6j.  June  16. 


162.:  June  15. 


164. 
165. 

1 06 


June  16. 


June  16, 


Juno  16. 


Kent 


Kent 


Kent 


Kent 


Kent 


Kent 


L 


Luton  Part.  J.  Befeaoav  &%. . -,    X.      Xcgretti  ftZaanbn.  9m] 


1 


!  16a.  June  16.  Kent  ~. r  Himton  Govt.  Tf. 


I 

\ 

)  East  Pcckham,  Orchard  Cottage. 
I     &  X.  Harm,  fen,  ■ 


Timbridge,  Dr.  Fielding  . 


Maidstone.  Fant  Road,  J.  H. 
BaTentock,  Esq. 


Maicbtone,  Sorerfield,  F.  Dobell, 
E«q. 


Aylesford,  Gapt.  Cheer© 


Maidntone,  Larkfleld,  Ber.  W. 
Dinock. 


XI. 


m. 


v. 


n. 


xn. 


m. 


^egrattoJfc  Zamibr* , 


Xegrotti*  Za^baf  9  a-i 

seedy 


watii 


1 
CaseUa   ^...-Wrt 

TF1 


Annan  of  Hedde*>ont 
don.  i  ly. 


Caselln   


Caaolla 


AUGES  (continued). 

351 

>f 

lit 

I  a  6 

Equivalent  of 

Error  at 

water. 

scale-point, 

specified  in 

previous 

column. 

Remarks  on  position,  Ac. 

|j 

•  el. 

Scale- 
point. 

Grain*. 

I' 

et. 

in. 

in. 

575 

500 

•1 

500 

—■001 

Slightly  sheltered,  but  probably  not 
injuriously;  in  N.E.,  nowever,  the 

155- 

5-00 

•1 

990 

correct. 

~  5°° 

•3 

1490 

—■001 

house  is  only  30  ft.  off,  and  perhaps 

M  5*000 

•4 
•5 

1980 

2480 

+•001 
correct. 

30  ft  high. 

350 

5-01 

*i 

500 

—•001 

Mounted  on  a  brick  column  in  the 

156. 

4'9« 

•2 

1000 

—  •002 

middle  of  a  field,  very  carefully 

500 

*3 

1490 

— *OOI 

placed. 

^  5"01 

4 

2000 

—•003 

M  5*000 

'5 

2500 

—  •004 

•08 

500 
1000 

In  a  valley,  and  too  much  sheltered  by 
trees ;  were  is  an  apple-tree  35  ft 
high  only  25  ft.  to  E,  and  a  fig-tree 

'S7- 

•16 

**4 

1500 

'3* 

2000 

10  ft  high  8  ft.  to  8. 

39 

2500 

3*7 

7*99 

•01 

140 

—•001 

Found  some  currant  bushes  very  near. 

158. 

*o5 

•1 

1300 

—'002 

They  hare  since  been  moved. 

«-«4 

•a 

2570 

—•002 

_     7'97 

4 

51 10 
6380 

—•001 

M  8013 

'5 

—•001 

196 

7-96 

•1 

1150 

+•001 

In  kitchen-garden,  quite  open. 

159. 

7*98 

•* 

2600 

-•006 

7*99 

3 

3890 

-•008 

\ 

800 

4 

5*40 
6500 

—•014 

M  7983 

5 

—•014 

So 

800 

X2QO 
2580 
384O 

—  •002 

In  kitchen-garden,  somewhat  sheltered 

x6o. 

8*ox 

•2 

-•003 

by  shrubs  in  N.E.    Close  to  orna- 

7*99 

•3 

—'002 

mental  lake. 

8*00 

•4 

5XOO 

—•002 

M8-ooo 

5 

634O 

+  001 

76 

5-00 

•i 

500 

—•001 

On  the  grass  margin  of  a  large  tank 
provided  for  water-fowl ;  clear,  and 
in  a  level  tract  of  country. 

161. 

5*00 

•2 

IOOO 

—•002 

500 

•3 

I5OO 

—  •003 

5-00 

4 

2000 

-003 

M  5  000 

'5 

2500 

-004 

7i 

500 

•1 

500 

—•001 

In  flower-garden,  clear,  except  a  tree 

162. 

4-98 

•2 

IOOO 

—•002 

xo  ft  high  40  ft  8.8.  W.  of  gauge. 

5-00 

•3 

1500 

-003 

♦*99 

•4 

2000 

-•004 

M  4*993 

'5 

25OO 

—•006 

♦  98 

•01 

50 

correct. 

Houses  40  ft.  high  about  10  ft.  off,  in 
E.S.E.  and  N ;  all  else  clear. 

163. 

498 

•1 

500 

—•002 

4*97 

•a 

XOIO 

-006 

1 

496 

•3 

1500 

—•006 

1 
) 

M  4973 

•4 
S 

2000 
2500 

-008 
—•010 

20*25 
20*50 

Diameter  of  tube  xo|  inches,  and  scale 
4  inches  *=inch,  therefore  reads  cor- 

164. 

2075 

rectly.  Quite  open,  in  kitchen-garden. 

M  2*050 

4*9* 

•1 

500 

—•001 

On  lawn,  sloping  to  river.    AraucarU 

165. 

5-01 

•2 

IOOO 

—•002 

8  ft  high,  10  ft.  W, 

1 

4*99 

3 

1490 

1980 

—•OOI 

1 

500 

•4 

correct. 

\ 

M  4*995 

5 

2480 

—  *OOI 

("•'*••• 

500 

•01 

5° 

correct 

Found  in  rather  a  sheltered  position ; 

166. 

1 

4*99 

•10 

500 

—•001 

suggested  removal,  which  was  adopt- 

1 

5-01 

•20 

990 

—•001 

ed. 

500 

•30 

1490 

correct. 

M  5*003 

•40 

1980 

+•001 

•50 

24S0 

correct. 

852  report— 18G6. 

Report  on  the  best  means  of  providing  for  a  Uniformity  of  Weights 
and  Measures,  with  reference  to  the  Interests  of  Science.    By  a 
Committee,  consisting  of  Sir  John  Bowring,  The  Rt.  Hon.  C.  B. 
Adderley,  M.P.,  Sir  William  Armstrong,  C.B.,  F.R.S.,  The 
Astronomer  Royal,  Samuel  Brown,  W.  Ewart,  M.P.,  Dr.  Fair, 
F.    P.    Fellows,   Prof.  Frankland,   Prof.    Hennessy,    F./tS., 
James  Heywood,  M.A.,  F.R.S.,  Sir  Robert  Kane,  F.B.S.,Dr. 
Leone  Levi,  F.S.A.,  Prof.  W.  A.  Miller,  F.R.S.,  Prof.  Ramz.ve, 
F.R.S.,  C.  W.  Siemens,  F.R.S.,  Col.  Sykes,  M.P.,  FJR.S.,  \V. 
Tite,  M.P.,  FM.S.,   Prof.  A.  W.   Williamson,  FJLS.,  Lord 
Wrottesley,  D.C.L.,  F.R.S.,  James  Yates,  FM.S. 
Tour  Committee  have  much  pleasure  in  reporting  that  during  the  year  step: 
of  great  importance  have  been  taken  to  promote  the  adoption  of  one  oommor 
decimal  system  of  weights  and  measures,  both  at  home  and  abroad.    Ir 
November  1865  a  second  Conference  was  held  at  Frankfort,  of  official  dele- 
gates from  different  German  States,  including  Austria,  Prussia,  Bavaria, 
Saxony,  Hanover,  Wurtemberg,  Baden,  Hesse,  Mecklenburg,  Nassau,  Olden- 
burg,  and  the  Hanse  Towns,  with  a  view  of  determining  the  ban  of  a 
uniform  system  for  the  whole  of  Germany,  in  confirmation  of  what  had  been 
agreed  upon  in  1863,  on  which  occasion,  however,  Prussia  was  not  repre- 
sented.    By  a  protocol  of  the  28th  of  November,  the  delegates  resolved  to  tike 
the  metre  as  a  unit  of  measure  with  the  other  portions  of  the  metxio  system, 
allowing  the  coexistence  of  the  foot  of  3  decimetres,  the  inch  of  3  centimetres, 
and  the  line  of  3  millimetres.    It  is  much  to  be  regretted  that  by  thus  com- 
bining two  otherwise  antagonistic  systems,  the  Commissioners  have  thrown 
an  impediment  to  the  absolute  introduction  of  the  metric  system ;  bat  the 
question  will  doubtless  be  subject  to  further  consideration.      The  war  viuch 
has  taken  place  in  Germany  has  delayed  the  consideration  of  this  and  other 
measures  of  progress ;  but  it  is  gratifying  to  learn  that  one  of  the  first 
conditions  laid  down  in  the  preliminaries  of  peace  was  the  establishment  of  a 
uniform  system  of  weights  and  measures,  not  only  over  the  north  for  Germany 
under  the  immediate  influence  of  Prussia,  but  over  the  southern  portions 
also. 

In  the  United  States  of  America  considerable  advance  has  also  been  made. 
Seizing  the  opportunity  of  Mr.  Yates  Thompson's  visit  to  the  States,  jour 
Committee  desired  him  to  ascertain  what  steps  were  taken  on  the  subject  in 
that  country ;  and  it  is  gratifying  to  learn  that  the  Americans  seem  prepared 
to  advance  further  and  much  more  expeditiously  than  we  have  done.  Mr. 
Thompson,  whose  able  Beport  we  havo  the  pleasure  to  append  (p.  355-363), 
informed  us  that  on  the  recommendation  of  a  Select  Committee  on  weights, 
measures,  and  coinage,  appointed  by  the  National  Academy  of  Science,  rro 
Bills  were  introduced  in  the  Senate  and  Houseof  Representatives,  one  rendering 
the  use  of  the  metric  system  lawful  in  the  United  States,  and  the  other 
authorizing  the  use  in  Post-offices  of  weights  of  the  denomination  of  gramma ; 
whilst  joint  resolutions  were  passed,  enabling  the  Secretary  of  the  Tnasnn* 
to  furnish  to  each  State  one  set  of  the  standard  weights  and  measures  °f 
the  metric  system,  and  authorizing  the  President  to  appoint  a  Special  Com- 
missioner to  facilitate  the  adoption  of  one  uniform  coinage  between  the 
United  States  and  foreign  countries.  These  resolutions  passed  the  How  »f 
Representatives  with  little  or  no  opposition.  The  two  Bills  have  passed  into 
law. 

The  approaching  Universal  Exhibition  in  Paris  in  1867  appeared  to  your 
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Committee  a  most  favourable  opportunity  for  promoting  uniformity  in  weights 
and  measures,  and  they  have  suggested  to  the  Imperial  Commission  an  Ex- 
hibition of  the  weights,  measures,  and  coins  of  all  countries,  and  the  hold- 
ing of  an  International  Conference  on  the  subject  at  the  same  time.  A 
similar  request  was  sent  to  the  Imperial  Commission  by  the  International 
Decimal  Association,  and  in  union  with  them  we  deputed  Professor  Leono 
Levi  to  proceed  to  Paris  to  put  himself  in  communication  with  M.  Le  Play, 
the  Commissaire-General,  with  a  view  to  the  advancement  of  the  object. 
Professor  Levi  has  fully  succeeded  in  his  mission,  and  a  Special  Committee  of 
the  Scientific  Commission  has  been  appointed.  Your  Committee  indulge  the 
hope  that  the  proposed  Exhibition  with  the  International  Conference  will 
greatly  promote  the  desired  uniformity,  and  they  are  most  anxious  for  the 
success  of  an  undertaking  in  initiating  which  they  have  taken  an  active  part. 
Professor  Levi's  report  on  the  subject  is  appended  (pp.  363-365). 

The  International  Statistical  Congress,  which  met  last  at  Berlin  in  1863, 
proposes  to  hold  its  next  Meeting  in  Florence  in  October  next.  At  all 
its  previous  meetings  the  question  of  uniformity  of  weights,  measures,  and 
eoins,  in  their  character  as  statistical  units,  formed  the  subject  of  grave 
discussion ;  and  although  the  Congress  has  not  only  repeatedly  expressed 
its  opinion  in  favour  of  uniformity,  but  made  specific  recommendations 
with  a  view  to  its  attainment,  it  is  most  desirable  that  it  should  on  this 
occasion  also,  when  many  of  the  Southern  States  of  Europe  are  likely  to  be 
tee  represented,  give  its  authoritative  voice  in  favour  of  uniformity  in 
Yeigrts,  measures,  and  coins,  both  for  statistical  purposes,  and  the  general 
progress  of  scientific  and  social  intercourse  among  nations.  The  British 
Association  has  never  yet  been  represented  in  that  Congress,  and  it  seems 
befitting  that  the  section  of  Statistics  and  Economic  Science  should  seize  the 
opportunity  for  the  discussion  of  a  subject  in  which  both  that  Congress  and 
this  Association  have  taken  such  lively  interest,  and  for  the  establishment  of 
a  correspondence  and  mutual  representation  likely  to  prove  most  beneficial  to 
Statistical  Science ;  and  Italy,  whose  contributions  to  science  and  art  and 
political  economy  have  been  so  valuable,  will  doubtless  heartily  welcome  the 
representatives  of  this  great  and  eminently  progressive  Association. 

The  state  of  weights  and  measures  in  India  has  been  brought  before  your 
Committee  in  two  pamphlets,  one  on  Indian  weights  and  measures,  by  Mr. 
Gover,  Principal  of  the  Military  Male  Orphan  Asylum  of  Madras,  and  the 
other  by  Mr.  James  Bridgnell,  Head  Accountant  of  Her  Majesty's  Mint, 
Calcutta,  entitled,  "  Suggestions  for  a  Decimal  System  of  Measures,  Weights, 
and  Money  for  India."  Having  regard  to  the  great  importance  of  extending 
to  that  empire  the  same'  advantages  of  uniformity  as  we  are  labouring  to 
promote  in  other  parts  of  the  world,  your  Committee  have  sent  an  address 
on  the  subject  to  the  government  of  India.  The  question  is  now  under  their 
consideration;  but  much  difference  of  opinion  exists  between  the  Madras 
and  Bombay  Conimissions  on  the  respective  merits  of  the  decimal  and  binary 
systems.  It  is  most  important  that  India  should  neither  be  separated  from 
nor  remain  behind  any  country  in  the  world ;  and  we  trust  that  at  the  forth- 
coming Exhibition  and  International  Conference  to  be  held  in  Paris  she  will 
send  copies  of  all  her  weights,  measures,  and  coins,  and  be  duly  represented 
in  the  French  capital,  especially  as  her  trade  with  countries  using  the  metric 
system  is  becoming  more  and  more  extensive. 

It  is  much  to  be  desired  that  a  measure  for  legalizing  the  use  of  metric 
weights  and  measures,  similar  to  that  passed  in  the  United  Kingdom,  should 
be  introduced  in  all  the  British  Colonies,  and  your  Committee  would  be  glad 
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to  obtain  the  cooperation  of  Her  Majesty's  Secretary  for  the  Colonies  in  u> 
important  a  matter. 

At  home,  the  only  legislative  measure  recently  passed  bearing  on  the  ab- 
ject, is  one  for  transferring  to  the  Board  of  Trade  the  department  of  we$is 
and  measures,  previously  connected  with  the  office  of  the  Comptroller  of  tb 
Exchequer.    Your  Committee  regret  that  no  provision  has  been  made  in  tk 
Act  for  authorizing  that  Board  to  provide  themselves  with  a  copy  d  tbe 
standard  metrio  weights  and  measures,  with  a  view  to  the  stamping  of  ti» 
metric  weights  and  measures  in  common  use.    The  law  on  the  subject  is  in 
a  very  anomalous  state.    Although  the  Metrio  Weights  and  Measures  Act  of 
1864  has  rendered  permissive  and  legal  the  use  of  such  weights  and  measure*, 
the  inspectors  of  weights  and  measures  are  by  law  bound  to  seize  any  such 
weights  and  measures  not  duly  stamped ;  and  since  no  means  axe  now  afforded 
for  stamping  them,  the  Act  is  rendered  inoperative.     Seeing  that  the  system  ia 
being  extensively  introduced  in  many  arts  and  manufactures,  and  in  com- 
merce generally,  it  is  much  to  be  desired  that  the  law  on  the  subject  may 
speedily  be  amended.    A  deputation  from  your  Committee  waited  ob  the 
late  President  of  the  Board  of  Trade,  Mr,  Mttner  Gibson,  on  the  subject,  and 
he  promised  to  consider  the  introduction  of  a  separate  measure  to  remoie  the 
anomaly.     But  the  session  was  too  far  advanced,  and  nothing  has  been  done. 

Among  the  means  by  which  Her  Majesty's  Government  oould  promote  nidi 
introduction,  we  might  mention  the  preparation  of  all  statistical  document* 
by  the  Board  of  Trade  in  the  terms  of  the  metrio  system  as  well  as  in  the 
imperial,  and  the  publication  of  the  British  Tariff  in  a  similar  manner.  The 
-  International  Statistical  Congress  has  strongly  urged  the  former  of  these 
measures,  and  we  see  no  reason  why  the  Board  of  Trade  and  the  Bond  of 
Customs  should  not  supply  these  additional  facilities,  both  to  statists  and 
British  merchants.  Although  the  articles  now  subject  to  Custom*  duty  si© 
very  few,  still  the  operation  of  the  British  Tariff  is  most  perplexing  to  those 
accustomed  only  to  a  decimal  computation. 

Your  Committee  have  given  their  earnest  consideration  to  the  procuring 
of  a  Mural  Standard  as  a  means  for  diffusing  information  \  and  they  have 
appointed  a  Subcommittee  to  ascertain  and  report  on  the  best  form  and 
material  in  which  such  standard  can  be  constructed.  The  Subcommittee 
have  devoted  much  time  to  the  subject,  and  they  have  finally  succeeded  in 
obtaining  from  Mr.  Casella  a  model  of  a  Metre  and  Yard  combined,  which 
seems  to  fulfil  all  the  conditions  necessary  for  the  proper  exhibition  of  these 
measures  in  the  most  conspicuous  places.  A  special  report  on  the  subject  by 
the  convener  of  the  Subcommittee,  Mr.  James  Yates,  is  appended  (pp.  3(&-3ti7). 
The  Committee  propose  purchasing  some  copies  of  suoh  standard ;  and  as  the 
cost  is  five  guineas  each,  the  sum  already  voted  by  the  Association  will  be 
barely  sufficient  for  this  item  alone.. 

Your  Committee  are  anxious  to  see  school  instruction  made  more  operative 
towards  extending  the  knowledge  of  the  metric  system  among  the  young. 
To  promote  this  object,  they  have  addressed  themselves  to  the  President  of 
the  Committee  of  Council  on  Education,  for  the  purpose  of  suggesting  the  intro- 
duction of  the  metric  system  into  the  examination  of  teachers  in  the  training 
schools  supported  by  parliamentary  grant,  and  a  conference  with  teachers  and 
others  interested  in  education  was  held  on  the  subject  at  the  Lecture  Theatre 
in  Jermyn  Street.  Great  difficulty  is,  however,  experienced  in  inducing 
teachers  to  give  due  prominence  to  the  metric  system,  so  long  as  the  use  of 
it  is  only  permissive,  and  all  the  tables  of  weights  and  measures  according  to 
the  imperial  system  are  still  to  be  taught* 
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The  measures  and  weights  of  the  metric  syBtem  haying  been  almost 
miversally  adopted  by  scientific  chemists,  there  seemed  to  be  every  reason 
o  expect  that  they  would  be  adopted  in  pharmacy  also.  This  has  been  done 
n  some  countries  which  have  not  yet  introduced  the  system  into  commerce, 
die  Swedish  Pharmacopoeia  is  constructed  on  this  principle,  and  in  the 
United  States  of  America  prescriptions  are  written  in  terms  of  the  metric 
rotem.  In  this  country  the  change  has  hitherto  been  opposed  by  the 
Itaeral  Council  of  Medical  Education  and  Registration,  which  issues  its 
decrees  under  the  authority  of  an  Aot  of  Parliament.  In  these  circumstances, 
the  Metric  Committee  of  the  British  Association  resolved  to  address  the 
Medical  Council,  suggesting  that  "  the  objection  formerly  urged  to  the  intror* 
duotion  of  the  metric  system  side  by  side  with  the  imperial  in  all  the  formulas 
for  the  preparation  of  drugs  and  chemicals,  that  the  metric  weights  and 
measures  were  not  yet  sanctioned  by  the  Legislature,  is  now  removed  by  the 
passing  of  the  Metric  Weights  and  Measures  Act/'  and  expressing  the  desire 
of  the  Metric  Committee  that  the  system  may  be  introduced  into  the  forth- 
coming new  edition  of  the  Pharmacopoeia.  Hereupon  the  following  resolu- 
tion was  passed :  « That  the  General  Medical  Council  are  not  prepared  to 
•dppt,  in  its  full  extent,  the  suggestion  of  the  Metric  Committee  of  the 
British  Association ;  but  the  Council  will  direct  that  a  complete  comparative 
table  of  metric  and  imperial  weights  and  measures,  with  instructions  for 
their  mutual  conversion,  shall  be  inserted  in  the  forthcoming  edition  of  the 
teiah  Pharmacopoeia." 

Twit  Committee  thought  it  probable  that  great  advantages  would  arise 
from  the  introduction  of  the  metrio  system  in  the  carrying  department  of 
railways.  On  this  question  Professor  Levi  consulted  some  of  the  officials  at 
the  Clearing-house  in  London,  and  Mr.  Louis  d'Eyncourt,  a  member  of  the 
Council  of  the  International  Decimal  Association,  embraced  the  opportunity 
of  a  visit  to  Boulogne  to  make  inquiries  regarding  the  goods  traffic  by  rail- 
way between  England  and  France.  But  although  the  evidence  thus  obtained 
was  important  and  decisive,  it  appeared  that  the  Boyal  Commission  on  the 
Railways  in  Great  Britain  and  Ireland  was  not  disposed  to  proceed  with  the 
inquiry, 

Yoor  Committee  have  reason  to  believe  that  they  have  already  exercised 
considerable  influence  in  the  promotion  of  an  object  of  so  wide  and  general 
importance  as  the  uniformity  of  weights,  measures,  and  coins  in  all  countries ; 
and,  in  conclusion,  they  would  recommend  the  reappointment  of  the  Com- 
mittee with  similar  powers,  and  another  vote  of  at  least  fifty  pounds  towards 
the  purchase  of  copies  of  the  Mural  Standard,  and  more  especially  in  con- 
nexion with  the  forthcoming  Universal  Exhibition  and  International  Statis- 
tical Congress. 

fyport  on  the  Progress  of  the  Metric  System  in  the  United  States  of  America, 
By  H.  Yates  Thompson,  F.S.S. 

(ImuKBjr, — In  accordance  with  your  letter  to  me,  dated  17th  February 
1866, 1  took  occasion,  on  a  visit  to  the  United  States  of  America  in  May  and 
Jane  last,  to  ascertain  what  steps  are  being  taken  by  friends  of  the  Metric 
System  of  Weights  and  Measures  to  promote  its  adoption  in  that  country. 

It  appears  that  ever  since  the  settlement  of  the  Constitution  in  1789, 
wherein  it  was  declared  that  Congress  should  have  power  «'  to  fix  the  standard 
of  weights  and  measures,"  there  has  been  a  continual  effort,  which  has 
hitherto  been  without  practical  result,  to  obtain  a  uniform  and  decimal 
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system  of  weights  and  measures  for  the  United  States.    In  1790,  in 
dance  with  a  recommendation  of  President  Washington,  Mr.  Jefferson,  &a 
Secretary  of  State,  reported  elaborately  on  the  subject ;  and  it  is  proWbk 
that  one  or  other  of  the  plans  proposed  by  him  would  have  been  carried  bw 
effect,  had  not  the  proposals  of  the  French  Government  for  an  internatimi 
system  inclined  the  American  Legislature  to  wait  and  watch  the  resnh  d 
the  efforts  made  in  France  before  initiating  any  radical  changes  in  thsx 
own  weights  and  measures.     The  adoption  of  the  metric  system  in  America 
does  not  seem  to  have  been  urged  till  very  recently.     During  the  early  part 
of  the  century  that  system  was  still  an  experiment  in  France,  and  by  adopting 
it  the  Americans  would  have  sacrificed,  what  was  then  more  import&fit  to 
them  than  now,  uniformity  with  England.     But  its  inherent  merits  were  so 
great,  and  its  ultimate  success  was  becoming  so  probable,  that,  althngb 
Mr.  Jefferson  in  1790  recommended  the  seconds  pendulum  as  the  standard 
of  measure,  Mr.  John  Quincy  Adams,  to  whom  the  matter  was  referred  by 
the  Senate  in  1817,  and  who  reported  in  182  L  in  probably  the  most  ex- 
haustive essay  that  has  been  written  on  the  subject,  advised  a  suspension  o£ 
all  innovation  at  home  until  an  international  scheme  could  be  adopted  by 
America  in  conjunction  with  foreign  nations.     Though  Mr.  Adams  did  not 
recommend  in  so  many  words  the  adoption  of  the  metric  system,  there  »  so 
doubt  that  that  was  the  system  which  he  most  admired.     Indeed,  in  one  re- 
markable passage,  he  almost  puts  off  the  gravity  of  the  statesman  to  anticipate 
with  rapturous  enthusiasm  the  time  when  "  the  metre  will  surround  the  globe 
in  use  as  well  as  in  multiplied  extension,  and  one  language  of  weights  and 
measures  will  be  spoken  from  the  equator  to  the  poles." 

The  plan  which  he  did  recommend  consisted  of  two  parts,  the  prindpks 
of  which  were — 

1.  To  fix  the  standard  with  the  partial  uniformity  of  which  it  is  sas- 
ceptible,  for  the  present  excluding  all  innovation. 

2.  To  consult  with  foreign  nations  for  the  future  and  ultimate  estabfoh- 
ment  of  universal  and  permanent  uniformity. 

The  first  part  of  Mr.  Adams's  plan  has  been  in  a  great  degree  acoompbihed. 
I  visited  at  Washington  the  building  in  which  are  deposited  the  standards  of 
the  weights  and  measures  of  the  United  States,  under  the  charge  of  J.  RHil- 
gard,  who  is  now  Acting  Suprintendent  of  Weights  and  Measures  in  ptae 
of  Professor  Bache.  From  this  central  office  of  Weights  and  Measures,  mil 
sets  of  standards,  including  most  beautiful  and  accurate  balances,  have  been 
furnished  to  all  the  States  and  Custom-houses  of  the  country.  Each  State 
Government  in  its  turn  directs  the  distribution  of  standards  fo  its  counties ; 
and  in  States  where  the  further  subdivision  of  towns  exists,  as,  for  example, 
in  the  State  of  New  York,  the  authorities  of  each  county  are  instructed  by  a 
law  of  the  States  to  provide  each  town  with  standard  weights,  measures,  and 
balances,  and  to  compare  them  with  the  county  standard  once  in  every  five 
years. 

The  office  of  Weights  and  Measures  at  Washington  contains,  moreover, 
several  copies  of  the  metric  standards  which  have  been  from  time  to  time  fur- 
nished by  the  French  Government.  The  first  of  these  were  sent  to  Congress 
in  1795,  being  copies  of  the  provisional  metre  and  kilogram.  The  latest 
addition  was  made  in  1852,  and  consists  of  three  different  series  :— 

1.  A  standard  metre  of  steel  upon  a  bronze  base  and  a  standard  kflqgr&ffl 

of  brass  gilt. 

2.  A  graduated  brass  metre  and  a  litre,  both  by  Gambey. 

A  complete  and  valuable  collection  of  the  whole  apparatus  composing 
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in  France  the  assortment  of  a  bureau  of  verification  of  weights  and 
measures  of  the  first  order. 
It  wiU  be  seen,  therefore,  that  the  American  Government  has  not  only 
brought  its  present  system  for  the  manufacture  and  distribution  of  its  own 
standards  to  a  considerable  degree  of  perfection,  but  is  already  amply  pro- 
vided with  copies  of  the  metric  standards. 

With  regard,  however,  to  the  second  of  Mr.  AdamB's  suggestions,  viz.  "  to 
consult  with  foreign  nations  for  the  future  and  ultimate  establishment  of 
universal  and  permanent  uniformity,"  no  progress  has  yet  been  made.     The 
subject  has  been  commended  to  Congress  on  two  occasions  by  Secretaries  of 
the  Treasury ;  in  1847  by  the  Hon.  E.  J.  Walker,  and  in  1861  by  Mr.  Chase, 
who  is  now  Chief  Justice  of  the  Supreme  Court  of  the  United  States.     Scien- 
tific men  generally  throughout  the  country  had  been  for  some  time  gradually 
coming  to  the  conclusion  that  the  metric  system  was  that  which  ought  to  be 
adopted ;  but  it  was  not  till  the  International  Congresses,  postal  and  sta- 
tistical, held  at  Paris  and  Berlin  in  1863,  that  the  idea  took  a  practical  form. 
The  United  States  was  represented  at  the  Paris  Postal  Congress  by  the  Hon. 
J.  A.  Easson,  and  at  the  Statistical  Congress  in  Berlin  by  the  Hon.  S.  B.  Bug- 
gies.    Both  these  gentlemen  were  deeply  impressed  with  the  advantages  of 
the  metric  system.   They  participated  in  the  strong  resolutions  adopted  at  both 
these  Congresses  in  favour  of  its  general  adoption  ;  and  in  December  1863 
Mr.  Buggies  forwarded  to  the  Secretary  of  State  a  Report  on  the  subject, 
*hich  was  printed  as  a  public  document,  and  contained  in  an  appendix  (A) 
the  Report  of  the  Special  Commission  appointed  by  the  Statistical  Congress 
of  I860  on  International  Weights,  Measures,  and  Coins ;  (B)  a  copy  of  the 
Debate  in  the  House  of  Commons  on  the  Metric  Bill  of  1863.     This  docu- 
ment was  republished  by  the  State  Government  of  New  York  at  Albany  in 
1864,  and  was  in  such  request  that  a  further  issue  was  required  in  1865. 
At  the  same  time,  the  Legislature  of  the  State  of  Connecticut  (it  is  to  be 
remembered  that  only  State  Governments  in  America  have  to  do  with  educa- 
tion) had  recommended  to  all  its  school  officers  that  the  metric  system  be 
taught  in  the  schools  of  the  State. 

We  must  bear  in  mind  that  during  the  above  period,  from  1863  to  1865, 
the  civil  war  was  raging,  and  it  is  therefore  not  surprising  that  the  leading 
American  statesmen  had  little  time  to  give  to  such  matters  as  weights  and 
measures.  Mr.  Chase,  however,  had  (in  1863)  procured  the  appointment,  by 
the  National  Academy  of  Sciences,  of  a  Committee  on  Weights,  Measures, 
and  Coinage.  This  National  Academy  of  Sciences  had  been  incorporated  in 
1863  by  the  Senate  and  House  of  Representatives  of  the  United  States,  and 
consists  of  a  body  of  not  more  than  fifty  scientific  men,  whoso  chief  duty  it 
is,  whenever  called  upon  by  any  department  of  the  Government,  to  "  investi- 
gate, examine,  experiment,  and  report  upon  any  subject  of  science  or  art." 
This  Committee  included  all  the  most  notable  men  of  science  in  America  who 
had  given  special  attention  to  weights  and  measures.  The  members  were  as 
follows: — Joseph  Henry,  CJiairman;  J.  H.  Alexander,  Fairman  Rogers, 
Woicott  Gibbs,  Arnold  Guyot,  Benjamin  Silliman,  Jun.,  William  Chauvenet, 
John  Torrey,  A.  D.  Bache,  John  Bodgers,  L.  M.  Butherfurd,  Professor  New- 
ton, Samuel  B.  Buggies,  J.  E.  Hilgard. 

After  a  thorough  investigation  of  the  subject  in  January  1866,  these 
gentlemen  reported  shortly  in  favour  of  the  authorization  and  encouragement 
by  Congress  of  the  introduction  and  use  of  the  metric  system ;  and  with  a 
view  to  this  it  made  three  practical  suggestions : 

1.  The  immediate  manufacture  and  distribution  to  the  Custom-houses  and 
States  of  metric  standards  of  weights  and  measures. 
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2.  The  introduction  of  the  system  into  the  Poet-offices,  by  makhf  t 
single  letter  weigh  15  grammes,  instead  of  14-17  grammes  or  half  an  case. 

3.  To  cause  the  new  cent  and  two-cent  pieces  to  be  so  coined  that  they  «bJ 
weigh  respectively  5  and  10  grammes,  and  that  their  diameter  shall  be  made  to 
bear  a  determinate  and  simple  ratio  to  the  metric  unit  of  length. 

Such  were  the  recommendations  which  the  National  Academy  of  Seiease 
forwarded  to  Congress  in  January  last  The  Report  was  at  once  referred  to 
a  Standing  Committee  of  the  House  of  Representatives  on  Weights,  Measures, 
and  Coins,  which  had  been  wisely  constituted  at  the  beginning  of  the  jament 
Congress  to  take  cognisance  of  this  important  subject*  This  Committee  ire 
constituted  chiefly  through  the  exertions  of  the  Hon.  J.  A.  Eassbd,  wta 
became  its  Chairman,  and  to  his  energy  its  prompt  action  is  greatly  fa?- 
He  obtained  the  assistance  of  Professor  Newton,  of  Yale  College,  a  well- 
known  man  of  science,  as  Clerk  to  the  Committee ;  and  with  his  aid  a  Report 
was  prepared  and  printed  in  May  last,  which  is  well  worthy  of  the  atteriwa 
of  all  friends  of  the  metric  system. 

After  examining  at  some  length  the  whole  subject  of  weights  and  measure* 
in  the  United  States,  Mr.  Kasson's  Report  proceeds  to  demonstrate  the 
progress  which  is  being  made  by  the  metric  system  throughout  the  world. 
With  regard  to  the  action  of  England,  it  declares  that  the  course  taken  by 
the  House  of  Commons  "  must  be  regarded  as  evincing  a  deliberate  intention 
to  introduce  the  metric  system  into  England,  and  as  giving  up  any  purpose 
of  creating  a  separate  system  founded  upon  the  yard,  the  foot*  or  the  inch, 
and  as  paving  the  way  for  the  ultimate  exclusive  adoption  of  the  metric 
system." 

The  Report  next  points  out  and  illustrates  by  Tables  the  ^conveniences 
and  want  of  system  of  the  weights  and  measures  now  in  use  in  America, 
with  all  which  we  are  sufficiently  acquainted,  and  contrasts  therewith  the 
order,  simplicity,  and  perfect  harmony  of  the  metric  plan. 

The  Report  pronounces  strongly  on  several  grounds  against  a  change  tf 
nomenclature,  and  after  illustrating  by  a  Table  the  somewhat  astonishing 
fact  that  of  the  total  value  of  the  imports  and  exports  of  the  United  States  for 
1860,  which  amounted  in  all  to  762,000*000  dollars,  the  amount  of  nearly 
700,000,000  dollars  was  with  nations  and  their  dependencies  that  have 
now  authorized  or  taken  the  preliminary  steps  to  authorise  the  metric  system, 
concludes  as  follows : — 

Your  Committee  unanimously  recommend  the  passage  of  the  Bills  and  joint 
Resolutions  appended  to  this  Report.  They  were  not  prepared  to  go,  at  this  time, 
beyond  this  stage  of  progress  in  the  proposed  reform.  The  metric  swtem 
is  already  used  in  some  arts  and  trades  in  this  country,  and  is  especially  adapted  to 
the  wants  of  others.  Some  of  its  measures  are  already  manufactured  at  Banpor, 
in  Maine,  to  meet  an  existing  demand  at  home  and  abroad.  The  manufacturer:  of 
the  well-known  Fairbanks  scales  state,  "  For  many  yean  we  have  had  a  Ik^p 
export  demand  for  our  scales  with  French  weights,  and  the  demand  and  *k  » 
constantly  increasing."  Its  minute  and  exact  divisions  specially  adapt  it  to  the 
use  of  chemists,  apothecaries,  the  finer  operations  of  the  artisan,  and  to  all  scientific 
objects.  It  has  always  been  and  is  now  used  in  the  United  States'  coast  sorwr*. 
Yet  in  some  of  the  states,  owing  to  the  phraseology  of  their  laws,  it  wooM  be 
a  direct  violation  of  them  to  use  it  in  the  business  transactions  of  the  com- 
munity. It  is  therefore  very  important  to  legalise  its  use*  and  give  to  the  people, 
or  that  portion  of  them  desiring  it,  the  opportunity  for  its  legal  enrolo/Best, 
while  the  knowledge  of  its  characteristics  will  be  thus  diffused  among  **&• 

*  I  ascertained  that  the  metric  weights  are  in  use  in  the  Assaying  Department  of  the 
U.S.  Treasury  at  New  York,  and  by  analytical  chemists  generally  throughout  America.-* 
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Chambers  of  commerce,  boards  of  trade,  manufacturing  associations,  and  other 
voluntary  societies  and  individuals  will  be  induced  to  consider  and  in  their  dis- 
cretion to  adopt  its  use.  The  interests  of  trade  among  a  people  so  quick  as  ours 
to  receive  and  adopt  a  useful  novelty  will  soon  acquaint  practical  men  with  its 
convenience.  When  this  is  attained  (a  period,  it  is  hoped,  not  distant),  a  further 
-Yet  of  Congress  can  fix  the  date  for  its  exclusive  adoption  as  a  legal  system.  At 
an  earlier  period  it  may  be  safely  introduced  into  all  public  offices  and  for  Govern- 
ment service. 

In  the  schedule  of  equivalents  provided  in  the  Bill,  extreme  scientific  accuracy 
is  not  expressed.  The  reasons  follow.  The  exact  length  of  the  meter  in  inches 
and  the  -weight  of  the  kilogram  in  grains  can  of  necessity  be^  determined  only 
approximately.  The  most  careful  determinations  of  these  quantities  now  possible 
are  liable  to  minute  corrections  hereafter  as  more  numerous  observations  are  made 
and  better  instruments  are  used.  Instead,  therefore,  of  aiming  at  an  accuracy 
greater,  perhaps,  than  is  attainable,  it  is  more  expedient  to  consult  the  convenience 
of  the  people  by  using  the  simplest  numbers  possible  in  the  schedule,  and  yet  such 
as  shall  be  in  tact  more  nearly  exact  than  can  ever  be  demanded  in  the  ordinary 
business  of  life.  These  numbers  are  to  be  used  in  schools  and  in  practical  life 
millions  of  times  as  multipliers  and  divisors,  and  every  unnecessary  additional 
iignre  is  justly  objectionable* 

In  a  popular  sense  of  the  word,  however,  the  numbers  in  the  schedule  may  be 
said  to  do  exact.  The  length  of  the  meter,  for  example,  is  given  as  89-37  inches. 
The  mean  of  the  best  English  and  the  best  American  determinations  differs  from 
this  only  by  about  the  amount  by  which  the  standard  bar  changes  its  length  by  a 
change  of  one  degree  of  temperature.  Such  accuracy  is  certainly  sufficient  for 
Vend  purposes  and  for  popular  use. 

The  second  measure  recommended  is  a  joint  resolution,  necessarily  following  the 
adoption  of  the  leading  Bill,  and  provides  for  furnishing  the  standards,  which  will 
thereby  be  required)  to  the  several  States. 

The  third  proposition  is  a  Bill  to  authorize  and  provide  for  the  use  of  the  weight 
of  15  grams  in  the  Post-office,  in  conformity  with  the  system  adopted  by  that 
department  for  foreign  correspondence. 

The  fourth  is  a  Resolution  looking  to  effective  negotiation  for  a  uniform  coinage 
among  nations. 

Respectfully  submitted, 

John  A.  Kasson,  Chairman. 
Ghablss  H.  Winfield. 
Thomas  Williams. 
Hkzekiah  S.  Bundy. 
Henby  L.  Dawes. 

BILLS  AND  RESOLUTIONS  ACCOMPANYING  THE  REPORT. 
A  BiU  to  authorise  the  we  of  the  Metric  System  of  Weights  and  Measures. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  from  and  after  the  passage  of  this  Act.  it 
shall  be  lawful  throughout  the  United  States  of  America  to  employ  the  weights 
and  measures  of  the  metric  system ;  and  no  contract,  or  dealing,  or  pleading  in  any 
court,  shall  be  deemed  invalid,  or  liable  to  objection,  because  the  weights  or 
measures  expressed  or  referred  to  therein  are  weights  or  measures  of  the  metric 
system. 

Sbo.  2.  And  be  it  further  enacted,  That  the  tables  in  the  schedule  hereto  annexed 
shall  be  recognized,  in  the  construction  of  contracts,  and  in  all  legal  proceedings, 
as  establishing  in  the  terms  of  the  weights  and  measures  now  in  use  in  the  United 
States,  the  equivalents  of  weights  and  measures  expressed  therein  in  terms  of 
the  metric  system ;  and  said  tables  may  be  lawfully  used  for  computing,  deter- 
mining, and  expressing  in  customary  weights  and  measures  the  weights  ana  mea- 
sures of  the  metric  system. 
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Measures  of  Length. 


Metric  Denominations  and  Values. 

Equivalents  in  Denominations  in  use. 

Myriameter  . . 

10,000  meters. 

6*2137  miles. 

Kilometer .... 

1,000  meters. 

0-62137  mile,  or  3280  feet  10  inches 

Hectometer  . . 

100  meters. 

328  feet  1  inch. 

Dekameter    . . 

10  meters. 

393-7  inches. 

Meter    

1  meter. 

39-37  inches. 

Decimeter .... 

^t h  of  a  meter. 

3*937  inches.                                         j 

Centimeter    . . 

vJtfth  of  a  meter. 

0-3937  inch. 

Millimeter    . . 

yg^^th  of  a  meter. 

0-0394  inch. 

Measures  of  Surface. 

Metric  Denominations  and  Values. 

Equivalents  in  Denominations  in  use. 

Hectare 

Are 

Centare 

10,000  square  meters. 
100  square  meters. 
1  square  meter. 

2-471  acres.                                          , 
119-6  square  yards.                             , 
1-550  square  inch. 

Measures  of  Capacity. 


Metric  Denominations  and  Values. 

Equivalents  in  Denominations  is  ose. 

Names 

No.  of 
liters. 

Cubic  measure. 

Dry  measure. 

Liquid  or  wine 
measure. 

Kiloliter  or  stere 

Hectoliter 

Dekaliter 

Liter 

1000 

100 

10 

1 

nnnr 

1  cubic  meter    .... 
-jV  of  a  cubic  meter . 
10  cubic  decimeters 
1  cubic  decimeter . . 
-jV  of  cubic  decimeter 
10  cubic  centimeters 
1  cubic  centimeter .. 

1-308  cubic  yard    . . 
2  bus.  and  3*35  pecks 

9-08  quarts 

0-908quart 

6-1022  cubic  inches 
0*6102  cubic  inch  . . 
0-061  cubic  inch    . . 

26-417  gtlkm* 
26-417  gtfoi»     i 
2-6417  galkns. 
1-0567  aunt 
0-&15guL 
0-338  flu&oGDce- 
0-27fluki-di*chin 

Deciliter    

Centiliter 

Milliliter 

Weights. 


Metric  Denominations  and  Values. 

Equivalents  in 

Denominations 

in  use. 

Names. 

Number  of 
grams. 

Weight  of  what  quan- 
tity of  water  at  maxi- 
mum density. 

Avoirdupois  weight 

Millier  or  tonneau  . 
Quintal 

1,000,000 

100,000 

10,000 

1,000 

100 

10 

1 

iV 

1  cubic  meter  

1  hectoliter 

2204*6  pounds. 
220-46  pounds. 
22-046  pounds. 
2-2046  pounds. 
3*5274  ounces.   , 

Mvriagram    

Kilogram  or  Kilo. . 

Hectogram    

Dekagram 

Gram 

10  liters 

1  liter    

1  deciliter 

10  cubic  centimeters   . . 
1  cubic  centimeter  .... 
■X  of  a  cubic  centimeter 
10  cubic  millimeters   . . 
1  cubic  millimeter  .... 

0-3527  ounce. 
15*432  grain 
1-5432  grain. 
0-1543  grain. 
00164  grain.     ' 

Decigram 

Centigram 

Milligram 
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Joint  Resolution  to  enable  the  Secretary  of  the  Treasury  to  furnish  to  each  State  one 
set  of  the  Standard  Weights  and  Measures  of  the  Metric  System, 

Be  it  resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  the  Secretary  of  the  Treasury  be,  and  he  is 
jereby,  authorized  and  directed  to  furnish  to  each  State  to  be  delivered  to  the 
Governor  thereof,  one  set  of  the  standard  weights  and  measures  of  the  metric 
?ystem,  for  the  use  of  the  States  respectively. 

A  BUI  to  authorize  the  use  in  Post-offices  of  Weights  of  the  denomination  of  Grams. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  the  Postmaster-General  be,  and  he  is  hereby, 
authorised  and  directed  to  furnish  to  the  Post-offices  exchanging  mails  with 
foreign  countries,  and  to  such  other  offices  as  he  shall  think  expedient,  postal 
balances  denominated  in  grams  of  the  metric  system ;  and,  until  otherwise  provided 
by  law,  one  half  ounce  avoirdupois  shall  be  deemed  and  taken  for  postal  purposes  as 
the  equivalent  of  fifteen  grams  of  the  metric  weights,  and  so  adopted  in  progression ; 
and  the  rates  of  postage  shall  be  applied  accordingly. 

Joint  Resolution  to  authorize  the  President  to  appoint  a  Special  Commissioner  tofacili* 
tote  the  adoption  of  an  Uniform  Coinage  between  the  United  States  and  Foreign 
Countries. 

Be  it  resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled,  That  the  President  be,  and  he  is  hereby,  authorized 
to  appoint  a  Special  Commissioner  to  negotiate  with  foreign  Governments  for  the 
«rtabfiahment  of  the  common  unit  of  money,  of  identical  value  in  all  commercial 

costriea  adopting  the  same ;  that  all  Governments  with  which  the  United  States 
hdd  diplomatic  relations  be  invited  to  participate  in  the  negotiations.  That  any 
plan  which  may  be  agreed  upon  by  part  of  or  all  the  representatives  engaging  in 
such  negotiations  be  submitted  to  Congress  for  its  approval  before  being  carried 
into  effect  in  the  United  States ;  and  that  the  compensation  allowed  to  such  Com- 
missioner be  the  amount  necessary  for  his  actual  and  proper  expenses  incurred  in 
the  execution  of  his  duties. 

The  above  Bills  and  Resolutions  passed  the  House  of  Representatives  with 
little  or  no  opposition.  They  arc  now  before  the  Senate,  which  has  referred 
them  to  a  Committee,  of  which  the  Hon.  Charles  Sumner  is  Chairman ;  and 
his  well-known  and  enlightened  views  on  the  subject  encourage  the  hope 
that,  either  in  this  session  or  next,  the  Senate  will  confirm  the  action  of  the 
House  of  Representatives*. 

Such  is  the  present  position  of  the  metric  movement  in  the  United  States. 

I  may  add  that  the  general  public  in  America  seems  inclined  to  receive  the 
new  system  favourably.  Several  of  the  leading  newspapers  have  noticed  it 
in  terms  of  welcome  and  commendation ;  and  it  is  notorious  that  the  know- 
ledge which  all  Americans  possess  of  the  great  advantages  of  a  decimal 
system  of  coinage,  render  them  likely  to  appreciate  all  the  more  fully  the 
merits  of  the  metric  system  of  weights  and  measures. 

Nor  are  its  promoters  careless  of  advantages  likely  to  result  from  tho 
spread  of  instruction  on  the  details  of  the  system  in  schools.  I  have  already 
mentioned  its  adoption  as  a  part  of  education  in  the  schools  of  Connecticut. 
I  was  assured  that  it  only  needs  that  the  permissive  Rill  bo  passed,  for  many 
other  States  to  follow  the  example  of  Connecticut. 

In  February  last  a  large  number  of  Professors,  Presidents  of  Colleges,  and 

*  Since  this  Report  was  put  in  type,  news  has  arrived  that  Mr.  Sumner's  Committee,  on 
the  16th  of  July,  reported  favourably  the  above  Bills  and  Resolutions,  all  without  amend- 
ment ;  and  still  more  recently  we  have  been  informed  that  the  two  Bills  have  passed  into 
law. 
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others  connected  with  education  in  the  United  States,  issued  an  addrws  to 
editors  and  publishers  of  Arithmetics,  urging — 

1*  That  to  the  Arithmetics  now  published  an  appendix  be  at  once  added, 
that  shall  contain  a  full  explanation  of  the  metric  system  of  weights  end 
measures,  and  of  their  relation  to  the  weights  and  measures  now  in  connwa 
use,  and  that  the  whole  be  illustrated  by  suitable  and  numerous  examples. 

2.  That  in  every  revised  edition  of  Arithmetics  now  used,  and  in  erery 
new  Arithmetic,  a  proper  development  of  this  system  have  a  place  in  tk 
body  of  the  work  ;  and  that  in  examples  for  practice  occurring  thereafter, 
there  be  frequent  reference  to  these  weights  and  measures. 

I  learned  that  Messrs.  Stoddard  and  Co.,  of  New  York,  were  in  June  tot 
already  engaged  in  introducing  an  explanation  of  the  metric  system  into 
revised  editions  of  Stoddard's  Arithmetics — an  important  series;  aid  I 
further  ascertained  that  the  authors  and  publishers  of  at  least  three  other 
series  of  Arithmetics  have  promised  similar  introduction. 

I  left  with  Professor  Henry,  Secretary  of  the  Smithsonian  Institution  at 
Washington,  a  copy  of  Dowung's  Synoptic  Table,  which  will  be  exhibited  m 
the  Museum  of  the  Institution ;  and  I  doubt  not  that  we  shall  soon  heir  of 
similar  Tables  or  charts  of  the  metric  system  being  made  in  America  fir  the 
use  of  schools.  I  have  much  pleasure  in  acknowledging  Professor  Hair's 
Courtesy  in  suggesting  that  any  parcels  which  we  wish  to  send  to  our  friends 
in  America,  may  be  sent  free  of  expense  through  the  Smithsonian  InstitauaQ. 
We  shall  certainly  do  well  to  supply  them  with  copies  of  any  mural  standard, 
school  metres,  or  other  appliances  which  may  be  devised  for  extending  the 
knowledge  of  the  metric  system.  In  the  Report  of  the  Smithsonian  Insti- 
tution for  this  year,  which  will  shortly  appear,  and  which  is  very  widely 
circulated,  will  be  found  Tables  of  equivalents  of  the  metric  and  Engfoh 
systems  of  weights  and  measures)  compiled  by  Professor  Newton. 

The  first  two  pages  of  Mr.  Kasson's  Report  are  devoted  to  the  questoui  of 
Coinage.  Upon  this  subject  the  Committee  makes  no  recommendation  of  a 
specific  nature  boyond  the  joint  resolution  quoted  above.  It  is  therefore 
singular  that  the  first  actual  step  in  advance  towards  a  practical  adoption  tf 
the  metric  system  in  the  United  States  has  been  made  through  the  Mint  in 
the  following  manner. 

In  May  last  an  Act  was  passed  through  the  House  of  Representatives,  <m 
the  motion  of  the  Hon.  J.  A.  Kasson,  and  through  the  Senate,  on  the  motion 
of  the  Hon.  John  Sherman,  which  subsequently  was  signed  by  the  President 
and  became  law,  authorizing  the  coinage  of  five-cent  pieces  of  copper  and 
nickel  in  place  of  the  paper  five-cent  currency  then  in  circulation,  and  fixing 
their  weight  at  77*16  grains,  equiponderant  to  5  grams  of  the  metric  system. 
The  diameter  of  this  coin  was  fixed  at  20  millimetres,  and  they  hate  already 
been  issued  from  the  Mint  in  large  quantities,  so  that  every  citizen  of  tie 
United  States  now  carries  in  his  pocket  a  weight  and  measure  of  the  wtne 
system.  When  the  Bill  authorizing  the  issue  of  this  coin  passed  thtwzh 
Congress,  the  Chamber  of  Commerce  of  New  York  at  once  held  a  meeting  to 
express  its  satisfaction,  and  unanimously  voted  thanks  to  Messrs.  Kasson  »nd 
Sherman  for  their  exertions  in  thus  teaching  the  people  hf  actual  expel*** 
the  uses  and  value  of  the  metric  Bystem. 

No  better  instance  could  be  given  than  the  above  of  the  practical  awl 
energetic  manner  in  which  the  friends  of  the  metric  system  in  America  an? 
taking  up  the  subject.  It  is  greatly  to  be  hoped  that  our  present  Parliament 
will  not  slacken  its  efforts  in  the  direction  in  which  the  last  Parliament  wk 
so  good  &  beginning.     J  may  mention,  however,  that  our  friends  in  America 
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find  it  difficult  to  understand  how  it  has  happened  that,  after  the  unanimous 
Report  of  the  Committee  of  the  House  of  Commons  in  1862,  in  favour  of  the 
ultimate  adoption  of  the  Metric  System  of  Weights  and  Measures,  nothing 
has  yet  been  done  by  our  Government  to  make  our  people  acquainted  with 
the  details  of  that  system  by  the  distribution  of  Standards,  and  its  introduc- 
tion as  a  branch  of  education  into  schools  aided  by  public  money, 
I  am,  Gentlemen,  with  much  respect, 

Your  obedient  Servant, 

H .  Yaiss  Thompson. 
2  Cleveland  Bow,  St.  James'*,  London,  S.W. 
July  27th,  1866. 

Report  on  (he  Exhibition  of  Weights,  Measures,  and  Coins  at  the  Universal 
Exhibition  in  Paris,  1867.    By  Professor  Leojtb  Levi,  F.8.A.,  F.8.8. 

GrarxBiCBir, — In  compliance  with  the  desire  of  the  Metric  Committee  of  the 
British  Association  and  the  Council  of  the  International  Decimal  Associa- 
tion, I  proceeded  to  Paris  to  confer  with  M.  Le  Play,  the  Commissairc~ 
Genoral  of  the  Universal  Exhibition  for  1867,  with  regard  to  the  proposed 
special  exhibition  of  the  Measures,  Weights,  and  Coins  of  all  countries  $  and 
1  have  the  pleasure  to  report  that  the  utmost  desire  was  shown  to  forward 
the  object  in  view,  the  same  being  quite  in  consonance  with  the  design  of 
feat  Great  Exhibition. 

already  had  the  Imperial  Commission  anticipated  to  some  extent  our 
«6ggestions,  since  by  decree  of  the  20th  September  1865,  an  International 
Scientific  Commission  was  constituted  for  the  purpose  of  assisting  in  propa- 
gating useful  discoveries  and  promoting  reforms  of  an  international  interest, 
such  as  the  adoption  of  the  same  weights  and  measures,  of  common  scientific 
units,  dec.,  Mr.  James  Yates,  E.R»S.,  Vice-President  of  the  International 
Association,  having  been  nominated  one  of  its  members. 

In  order  to  elicit  an  expression  of  opinion  on  the  subject*  and  at  the  same  time 
to  secure  the  concurrence  of  the  Commissioners  of  different  countries  at  the 
time  in  Paris,  M.  Le  Play  summoned  a  preparatory  Conference  on  the  sub-* 
ject*  which  was  held  at  the  Palais  de  ^Industrie  on  the  2nd  of  May,  when  tho 
proposal  of  holding  such  an  Exhibition  was  fully  considered  and  approved. 
On  my  arrival  in  Paris,  another  meeting  was  held  of  the  same  Conference, 
and  both  were  attended  by  persons  of  great  distinction  belonging  to  France 
and  other  countries,  In  the  observations  which  I  had  the  honour  of  making, 
I  showed  the  progress  already  made  towards  the  uniformity  of  weights, 
measures,  and  coins  in  different  countries,  as  well  as  what  remains  yet  to  be 
done,  and  1  concluded  by  suggesting— 

First,  a  special  Exhibition  of  Weights,  Measures,  and  Coins  of  all 
countries; 

Secondly,  the  collection  of  all  official  documents  and  reports  bearing  on 
the  question  of  uniformity ; 

And,  thirdly,  the  holding  an  International  Conference  at  the  time  of  such 
an  Exhibition  to  consider  the  weights,  measures,  and  coins  exhibited  by  all 
countries,  and  the  documents  referring  to  the  same,  and  to  prepare  a  report 
on  the  best  means  of  attaining  the  desired  uniformity  as  speedily  as  possible. 
M.  Le  Play,  representing  the  Imperial  Commissioners,  gave  his  complete 
sanction  to  the  proposal ;  and  he  suggested  that  a  small  Committee  from  the 
Scientific  Commission  should  be  appointed  by  the  President  of  the  Imperial 
Commission  to  promote  the  object,  the  same  to  be  afterwards  enlarged  by 
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the  addition  of  foreign  members  to  be  nominated  by  the  Exhibition  Cams, 
sioners  in  different  countries,  each  nation  contributing  to  bear  a  propartkaal 
share  of  any  expense,  which,  however,  could  not  be  great. 

In  accordance,  therefore,  with  the  suggestion  promulgated  by  the  Metrie 
Committee  and  the  International  Association,  and  with  the  resolnfeoas 
adopted  by  the  Conferences  held  at  the  Palais  de  l'lndustrie,  an  ordinance  <a 
the  subject  was  issued  by  the  President  of  the  Imperial  Commission  oa  fee 
2nd  of  June  last,  which  appropriated  a  space  in  the  Palace  for  the  exhi- 
bition of  measures,  weights,  and  coins  of  all  countries,  and  appointed  a 
Special  Committee  from  the  Scientific  Commission  to  preside  orer  this  par- 
ticular Exhibition. 

The  Committee  thus  formed,  of  which  I  have  the  honour  of  being  a  mem- 
ber, held  its  first  meeting  during  my  stay  in  Paris,  when,  after  organizing 
ourselves  by  nominating  our  senior  member,  M.  Mathieu,  of  the  Bureau 
des  Longitudes,  President,  and  Messrs.  Baudrillart  and  Becquerel,  Secretaries, 
we  prepared  a  circular  to  be  sent  to  the  Commissioners  appointed  in  ail 
countries  for  the  Universal  Exhibition,  communicating  to  them  a  copy  of 
the  ordinance  of  the  Minister  of  State  and  the  minutes  of  the  Conferences 
held  in  the  Palais  de  Tlndustrie,  and  inviting  their  cooperation  on  the 
subject.    An  important  step  has  thus  been  taken  which  will,  I  trust,  greatly 
stimulate  the  object  we  have  at  heart,  viz.  the  adoption  of  the  same  sjstem 
of  measures,  weights,  and  coins  in  all  countries. 

Permit  me  now  to  add  that,  having  regard  to  the  part  taken  br  the 
Metric  Committee  of  the  British  Association  and  the  International  Decimal 
Association  in  suggesting  such  an  Exhibition,  it  is  much  to  be  desired  that 
we  should  do  our  utmost  in  assisting  the  International  Committee  in  the 
attainment  of  the  object.    The  Royal  Commissioners  for  the  Exhibition  of 
1867,  of  which  His  Royal  Highness  the  Prince  of  Wales  is  Chairman,  will 
be  invited  to  send  to  that  Exhibition  a  copy  of  all  the  weights  and  measures 
legal  in  this  country,  and  two  collections  of  the  current  coins  of  the  realm. 
I  trust  the  Metric  Committee  of  the  British  Association  and  the  Council  of  the 
International  Association  will  commend  the  subject  to  the  attention  of  the 
British  Commission,  and  so  secure  their  compliance  with  the  request 

In  the  name  of  the  International  Decimal  Association,  I  have  promised 
that  the  collection  of  weights  and  measures  made  for  the  International  In- 
hibition of  1862,  and  deposited  in  the  Kensington  Museum,  shall  be  placed 
at  the  disposal  of  the  International  Committee  for  the  purpose,  and  upon 
this  also  it  will  be  necessary  to  communicate  with  the  authorities  of  the 
Kensington  Museum. 

Still  more  important,  however,  is  the  nomination  of  delegates  to  take  port 
in  the  great  Conference  which  will  be  held  at  the  time  of  the  Exhibition. 
This  Conference  should  consist  of  men  able  to  study  the  objects  and  docu- 
ments there  exhibited  from  a  scientific  and  practical  point  of  view ;  audit 
is  most  important  that  the  two  scientific  Associations,  to  whom  I  have  the 
honour  to  address  myself,  should  communicate  with  Her  Majesty's  Govern- 
ment, soliciting  them  to  appoint  official  representatives  to  the  same  Confer- 
ence from  the  Mint  and  the  Board  of  Trade,  and  that  you  should  also  trite 
to  the  Chambers  of  Commerce  in  the  United  Kingdom,  showing  the  prac- 
tical advantage  of  their  responding  in  due  time  to  the  invitation  of  the 
International  Committee  by  appointing  delegates  to  the  same  Conferee 
The  Council  of  the  International  Decimal  Association  may  also  appeal  to  its 
Vice-Presidents  in  all  countries,  soliciting  their  good  offices  with  their 
respective  Governments,  with  a  view  to  secure  their  cooperation  in  pro- 
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toting  the  proposed  Exhibition,  and  appointing  official  delegates  to  the 
onferenee. 

My  best  thanks  are  due  to  M.  Le  Flay  for  his  kindness  towards  me  during 
ny  Visit  to  Paris,  and  I  should  fail  in  my  duty  were  I  not  to  acknowledge 
rith  gratitude  the  care  and  interest  shown  by  M.  De  Ghancourtois  in  the 
irumotion  of  the  object  of  my  mission  to  that  great  metropolis. 
I  have  the  honour  to  be,  Gentlemen, 

Your  obedient  Servant, 

Leone  Leti. 
Farm's  Building,  Temple, 
July  1866. 

Report  on  the  Mural  Standard.    By  James  Yates,  F.B.S. 

i   Tin  up  the  account  of  the  Mural  Standard,  exhibiting  in  immediate 

ipposition  the  Yard  and  the  Metre  with  their  divisions,  where  I  laid  it  down 

ast  year  at  Birmingham*. 
The  want  of  Mural  Standards  of  the  linear  measures  has  been  shown  on 

the  authority, — 

1st,  of  the  Commissioners  for  the  restoration  of  the  Standards,  whose 

Report,  with  the  evidence,  was  published  by  order  of  Parliament  in  1841 
(see  pp.  16,17); 

2ndJy,  of  G.  B.  Airy,  Astronomer-Royal,  in  his  letter  to  Lord  Monteagle, 
OttDtroller  of  the  Exchequer,  dated  Feb.  1st,  1859 ; 

%ffly,  of  Lord  Monteagle  himself,  in  his  letter  transmitting  that  of  Pro- 
£&or  Airy  to  the  Secretary  of  State  for  the  Home  Department  (see  Appendix 
to  the  Beport  quoted  below) ; 

4thly,  of  the  Select  Committee  of  the  House  of  Commons  on  Weights  and 
Measures,  a.d.  1862  (see  their  Report,  p.  ix). 
These  Commissioners  and  public  officers  all  concur  in  advising  that  Mural 

Standards  of  length  should  be  exhibited  in  public  places,  where  they  may  be 
accessible  to  the  people  generally.  But,  although  this  subject  has  been 
earnestly  and  repeatedly  recommended  to  the  attention  of  the  Government, 
and  although  the  advice  so  given  is  agreeable  to  the  general  practice  of 
civilized  nations  both  in  Europe  and  America,  yet  nothing  has  been  done  by 
our  Government  to  give  effect  to  these  recommendations. 

Parliament  has,  however,  passed  a  law,  which  received  the  Royal  Assent 
on  the  6th  instant,  and  which  may  be  regarded  as  a  first  step.  The  Select 
Committee  of  the  House  of  Commons,  to  which  1  have  alluded,  adopted 
(a.d.  1862)  a  series  of  Recommendations,  one  of  which  was,  "  that  a  De- 
partment of  Weights  and  Measures  be  established  in  connexion  with  the 
Board  of  Trade."  This  has  been  done  by  the  Standards  of  Weights,  Mea- 
sures, and  Coinage  Act,  1866,  Sections  1, 10, 11, 12.  But  much  remains 
to  be  done,  and  Mr.  Ewart,  the  Chairman  of  the  before-mentioned  Select 
Committee,  has  accordingly  given  notice  of  a  motion  next  Session  to  re- 
appoint the  Committee  with  a  view  to  facilitate  the  introduction  into  this 
country  of  the  Metric  System  of  Weights  and  Measures.  The  task  imposed 
on  the  Committee  will  be  no  less  arduous  than  that  which  they  executed 
with  such  distinguished  success  in  the  spring  of  1862.  It  will  be  the  duty 
of  those  who  are  friendly  to  this  great  improvement  to  avail  themselves  of 
the  interval  by  collecting  all  kinds  of  evidence,  which  may  guide  the  Com- 
mittee in  their  determinations ;  and  we  trust  that  they  will  continue  to  act  in 

*  See  Report  of  the  Birmingham  Meeting  (Sections),  p.  159. 
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the  same  liberal  and  enlightened  spirit,  and  in  conjunction  with  the  mny 
able  and  excellent  men,  in  both  Houses  of  Parliament,  whether  in  or  «ft  & 
office,  who  now  combine  their  efforts  in  the  same  direction.  The  exteash? 
exhibition  and  use  of  our  Mural  Standard  will,  as  we  may  confidently  anu- 
oipate,  be  among  the  principal  means  of  accomplishing  the  object. 

The  Committee  of  the  British  Association,  soon  after  its  appointaat, 
thought  it  desirable  to  appply  for  advioe  and  assistance  to  the  Chemical 
Society,  which  includes  many  of  the  most  eminent  chemists  and  metallur- 
gists in  the  kingdom.     Their  application  was  granted  in  the  kindest  manner 
by  the  President  of  the  Society,  Dr.  William  Allen  Miller,  the  Secretary, 
Dr.  Odling,  and  the  other  members  of  the  Council.  The  subject  was  broogfet 
before  the  Society  at  two  of  its  meetings,  and  the  result  was  a  very  important 
change  in  the  course  of  proceeding.     Professor  Frankland  advised  that, 
instead  of  Baily's  metal,  or  any  other  metallio  substance,  either  simple  ot 
compound,  the  Mural  Standard  should  be  made  of  white  glased  porcelain. 
The  question  was  carefully  considered,  more  especially  in  regard  to  the 
durability  of  porcelain,  and  its  susceptibility  of  changes  by  expansion  and 
contraction.     With  regard  to  durability,  we  know  from  innumerable  dim- 
ples that  porcelain  will  last  for  hundreds  of  years  without  any  peroestibJe 
decay.     We  also  know  that  it  is  very  little  subject  to  expansion  ana  eon- 
traction  from  the  changes  of  atmospheric  temperature.     But  it  is  also  well 
known  that  all  objects  made  of  clay  contract  by  exposure  to  great  heat 
How  could  wo  pass  our  porcelain  Standard  through  the  ordeal  of  a  fur- 
nace without  destroying  the  dimensions  marked  upon  it?      In  this  diffi- 
culty we  were  fortunate  in  obtaining  the  assistance  of  Mr.  Casella,  Philoso- 
phical Instrument  Maker  to  the  Board  of  Ordnance.    This  gentleman,  whose 
business  makes  him  familiar  with  works  of  this  particular  description,  instituted 
a  series  of  experiments,  which  proved  that  a  slab  of  porcelain  after  comptofl 
contracts  visibly  on  its  reexposure  to  a  great  heat,  but  that,  if  the  heat  he 
sufficiently  intense  and  sufficiently  long  continued,  an  adequate  security  will 
be  obtained  against  future  change.    Consequently  a  slab  may  be  prepared  toy 
firing  at  first,  and  then  have  the  lines  etched  in  with  hydrofluoric  acid,  the 
figures  and  letters  painted  with  enamel,  the  lines  rubbed  in  with  the  same) 
and  then  the  lines,  figures,  and  letters  all  burnt  in,  after  which  treatment  it 
will  not  shrink  at  all.    Having  obtained  so  satisfactory  a  result,  the  Com- 
mittee desired  Mr.  Casella  to  proceed  with  his  work. 

The  Committee  have  seen  no  reason  to  make  any  important  change  in  tk 
form  and  dimensions  of  the  instrument.  These  remain  nearly  as  they  were 
shown  to  the  Statistical  Section  of  the  British  Association  at  Birmingham.  But, 
as  the  Yard  was  then  placed  in  close  contact  with  the  Metre,  a  question  &ro» 
whether  the  two  measures  might  not  be  more  clearly  distinguished  from 
each  other ;  and  to  effect  this  it  was  proposed  that  the  Yard  should  be  marked 
in  red  lines  and  the  Metre  in  blue.  This  suggestion  was  adopted,  and  tie 
instrument,  thus  completed,  is  thought  to  be  elegant  and  attractive  as  veil 
as  clear  and  distinct.  If,  however,  any  persons  prefer  having  it  marked 
with  black  lines  this  may  be  done. 

It  was  requisite  that  the  divisions  should  be  so  exact  that  no  inaccuntf? 
could  bo  perceived  either  by  the  sight  or  the  touch.  This  has  been  aceom* 
plished  by  our  artist,  who  obtained  from  M.  Ferreaux,  of  Paris,  one  of  ^ 
beautiful  dividing  instruments,  which  is  so  constructed  as  to  divide,  if  #* 
quired,  to  the  500th  part  of  a  millimetre,  a  length  far  more  diminutive  than 
can  ever  bo  found  necessary.  About  the  tenth  of  a  millimetre  is  sufficient 
to  answer  every  useful  purpose. 
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Besides  showing  the  name  of  the  maker  on  each  instrument  as  a  vouchor 
For  its  accuracy,  the  Committee  hope  to  obtain  the  stamp  of  the  Government 
m  directed  by  Act  of  Parliament,  But  as  the  stamp  could  not  be  impressed 
m  the  porcelain,  a  number  will  be  marked  and  burnt  on  every  instrument,, 
md  the  same  number  with  the  Government  stamp  will  be  impressed  on  the 
frame. 

The  prioe  cannot  be  at  present  determined.  We  can  only  say  that  it 
will  not  exceed  £5  5#,  When  the  demand  is  sufficient  the  price  may  be 
lowered. 

Whilst  Mr.  Oasella  has  been  employed  upon  our  Mural  Standard,  a  Bir- 
mingham artist,  Mr.  Gargory,  who  pursues  the  same  line  of  business,  has 
produced  an  instrument  whioh  may  be  called  a  School  Metre,  being  espe- 
cially adapted  for  school  use.  It  is  made  of  wood  and  ivory,  It  shows  the 
Metre  together  with  the  Yard,  both  Long  and  Cloth  Measure,  the  principles 
of  its  construction  being  generally  the  same  with  those  of  the  Mural  Stan- 
dard.    Its  price  will  be  about  7*. 

The  sum  of  jG50  voted  by  the  British  Association  at  Birmingham  having 

been  expended,  it  will  be  necessary  to  ask  for  a  further  grant,     If  the 

General  Committee  of  the  Association  should  think  it  proper  to  send  oopies 

of  the  Mural  Standard  to  all  the  places  where  the  Association  has  met,  or 

even  to  a  considerable  number  of  them,  a  grant  of  .£100  will  not  be  too 

much ;  and  it  may  be  deserving  of  consideration,  that  if  philosophers,  who 

ue  proverbially  poor,  can  afford  such  a  sum  as  ,£100,  the  Lords  of  Rex 

Uq»ty's  Treasury,  who  have  hitherto  expended  nothing  on  this  great  and 

wfepensable  public  provision,  need  not  grudge  any  amount  which  may  be 

fond  requisite. 


An  Account  qf  Meteorological  and  Physical  Observations  in  Three 
Balloon  Ascents  made  in  the  years  1865  and  1866  (tit  continuation 
qf  twenty-five  made  in  the  years  1862,  1863,  and  1864),  under  the 
auspices  qf  the  Committee  of  the  British  Association  for  the  Advance* 
ment  of  Science,  by  James  Glaibher,  F.R.S.,  at  the  request  qf  the 
Committee,  consisting  of  Colonel  Sykes,  The  Astronomer  Royal, 
Lord  Wrottesley,  Sir  D.  Brewster,  Sir  J.  Herbchel,  Bart.,  Dr. 
Lloyd,  Dr.  Robinson,  Mr.  Glaisher,  Mr.  Gassiot,  Prof,  Tyndall, 
Dr.  Fairbairn,  and  Dr,  W.  A.  Miller. 

At  the  first  appointment  of  the  Balloon  Committee  it  was  charged  with  the 
determination  of  the  law  of  the  decrease  of  temperature  with  increase  of  ele- 
vation, ait  the  primary  objeot  of  research ;  and  some  two  years  since  this  law 
seemed  to  have  been  pretty  well  determined,  but  up  to  that  time  the  expert-* 
Rents  had  been,  for  the  most  part,  mado  in  the  months  of  summer  ana  du<» 
nag  the  hours  of  afternoon.  The  principal  duty  of  the  Committee  was 
the  verification  of  the  results  then  found,  by  including  experiments  at  other 
times  of  the  day,  and  at  other  seasons  of  the  year.  It  was  expected  that 
thw  part  of  the  work  to  be  done  by  the  balloon  would  have  boon  completed. 
In  carrying  out  these  experiments,  it  was  found  that  those  taken  in  the  mom-? 
ing  hours  did  not  accord  with  those  taken  in  the  afternoon  hours,  nor  did 
those  taken  at  one  time  of  the  year  agree  with  those  taken  at  other  times  of 
the  year.    In  the  course  of  these  experiments  an  accidental  descent  just  at 
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the  time  of  sunset  showed  very  little  or  no  difference  of  temperature  far  a 
height  of  nearly  half  a  mile.  The  question  then  arose  as  to  whether  it  *s 
possible  that  at  night  the  temperature  might  increase  with  deration,  and 
not  decrease  as  always  heretofore  had  been  considered,  and  acted  upon  when- 
ever such  entered  into  physical  investigation. 

The  Committee  last  year  therefore  was  reappointed  with  special  referaee 
to  night  observations  at  any  time  of  the  year  made  within  a  moderate  distance 
of  the  earth.  To  make  day  observations,  in  winter  and  the  adjacent 
months  at  any  hour  in  the  day;  in  Bummer  to  be  made  in  the  morning. 
only  the  subject  of  temperature  to  be  considered  as  of  the  first  important*, 
with  any  other  of  the  usual  experiments  which  might  be  possible.  Up  to 
the  Meeting  at  Birmingham  twenty-five  ascents  had  been  made,  of  vtich 
seventeen  had  been  made  in  the  months  of  June,  July,  August,  and  September, 
but  not  one  in  May,  and  mostly  during  the  hours  of  afternoon. 

§1.  Instruments  and  Apparatus. 
The  instruments  were  of  the  same  construction  as  those  used  in  the  previ- 
ous experiments ;  in  addition  well-made  miners'  lamps  were  used  to  illumi- 
nate the  instruments  at  night. 

§  2.  Observing  Arrangements. 
The  instruments  were  in  all  cases  placed  on  suitable  framework,  attached 
to  the  outside  of  the  car,  and  sufficiently  protected  from  all  effects  of  radiation. 

Circumstances  of  the  Ascents,  and  General  Observations. 

Ascent  from  Woolwich  Arsenal,  October  2,  18G5.— The  first  ascent  afer  the 
Meeting  at  Birmingham  was  made  on  October  2nd.  The  balloon  used  to 
that  of  Mr.  Orton,  of  BlackwalL 

When  the  sun  had  set  for  nearly  three-quarters  of  an  hour  and  night  had 
fairly  set  in,  the  moon  shining  brightly,  and  the  sky  free  from  cloud,  the 
balloon  left  Woolwich  Arsenal  at  6k  20",  the  temperature  at  the  time  kin* 
56°.  Within  three  or  four  minutes  a  height  of  900  feet  was  reached,  aid  till 
this  time  I  failed  in  directing  the  light  of  the  Davy  lamp  properly.  Wten  I 
succeeded  the  temperature  was  57°  and  increasing ;  on  reaching  1200  feet 
high  it  had  increased  to  58°*9;  we  then  descended  to  900  feet,  and  the  tem- 
perature decreased  to  57°*8  ;  on  turning  to  ascend  again  the  temperature  in- 
creased to  59°*6  at  1900  feet  high,  being  3£°  warmer  than  when  the  earth 
was  left.  On  descending  again  the  temperature  decreased  to  57j°  at  the 
height  of  600  feet,  and  in  the  several  subsequent  ascensions  and  descensoM 
the  temperature  increased  with  elevation,  and  decreased  on  approaching  the 
earth.  On  every  occasion  the  highest  temperature  was  met  with  at  the 
highest  point.  This  result  was  remarkable  indeed.  The  different  degrees  of 
the  humidity  of  the  air  met  with  in  this  ascent  are  no  less  remarbWe- 
Considering  saturated  air  as  represented  by  100,  at  the  commencement  of 
the  ascent  in  the  balloon  it  was  95;  at  Greenwich  Observatory  it  iras  $4; 
towards  the  end  of  the  ascent  in  the  balloon  it  was  85,  and  at  Greenwich  t* 
97.  The  state  of  things  was  reversed,  and  would  indicate  that  the  vatff  » 
the  air  had  fallen.  Its  amount  at  the  beginning  of  the  ascent  was  5{  gnu* 
in  a  cubic  foot  of  air,  and  at  the  same  elevation  was  4£  grains  in  the  same 
mass  of  air  at  the  end  of  the  ascent. 

The  readings  of  the  instruments  were  taken  very  slowly,  owing  to  the  dif- 
ficulty experienced  in  directing  the  light  properly.  1  failed  in  all  mag*H 
experiments,  and  indeed  in  nearly  all  but  those  relating  to  temperature  tfd 
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humidity.  Two  self-registering  minimum  thermometers  were  tied  down,  one 
with  its  bulb  resting  on  cotton-wool,  fully  exposed  to  the  sky,  and  the  other 
with  its  bulb  projecting  beyond  the  supporting  frame ;  their  indexes  were  at 
the  end  of  their  columns  of  spirit  on  starting,  or  at  56°.  At  every  examination 
of  each  of  these  instruments  a  space  was  found  between  its  index  (which  re- 
mained unmoved)  and  the  end  of  the  column  of  spirit,  indicating  a  temperature 
higher  thin  before  leaving,  and  it  was  closely  approximate  at  all  times  to  the 
temperature  of  the  air.  Consequently,  notwithstanding  the  clearness  of  the 
iky,  the  loss  of  heat  by  radiation  must  have  been  small.  No  ozone  was  shown 
it  the  Boyal  Observatory,  but  in  the  balloon  paper  tests  were  coloured  to  4, 
•a  a  scale  of  greatest  intensity  being  considered  10. 

At  the  early  part  of  this  ascent  I  was  wholly  occupied  with  the  instruments, 
and  when  at  the  height  of  about  1000  feet,  the  view  which  suddenly  opened 
far  exceeds  description.  Almost  immediately  under,  but  a  little  to  the  south- 
east, was  Woolwich ;  north  was  Blackwall ;  south,  Greenwich  and  Deptford ; 
and  west,  as  far  as  the  eye  could  reach,  was  London — the  whole  forming  a 
•tarry  spectacle  of  such  brilliancy  as  far  to  exceed  anything  I  ever  saw. 
When  I  have  been  at  this  elevation  in  the  evening,  at  a  distance  from  Lon- 
fon,  it  has  had  the  appearance  of  a  vast  conflagration,  but  on  this  night  the 
tir  was  so  clear  and  free  from  hase  that  each  and  every  light  was  distinct, 
ud  apparently  all  but  touching  each  other. 

The  whole  of  Woolwich,  Blackwall,  Deptford,  and  Greenwich  could  be 
taed  as  a  perfect  model  by  the  line  of  lights  of  their  streets  and  squares. 
Inline  minutes  we  were  opposite  Brunswick  Pier,  Blackwall,  crossing  the 
Banes,  then  passed  across  the  Isle  of  Dogs,  Greenwich  Beach,  and  so  up 
fa  River  Thames.  Aa  we  advanced  towards  London,  the  mass  of  illumina- 
tion  increased  in  intensity.  At  6h  42m  the  South-Eastern  Railway  Terminus 
*t  London  Bridge  was  directly  under  us ;  looking  southward  at  this  time  we 
uw  the  Borough  stretching  far  away,  and  the  many  streets  shooting  from  it, 
particularly  Southwark  Street,  with  its  graceful  curve  of  lamps.  In  one 
minute  more  we  were  over  Southwark  Bridge,  1300  feet  high,  passed  Black- 
top Bridge  at  6*  45-  and  Charing  Cross  at  6*  47- 

On  leaving  Charing  Cross  I  looked  back  over  London,  the  model  of  which 
C0QU  be  seen  and  traced — its  squares  by  their  lights,  the  river,  which  looked 
dark  and  dull,  by  the  double  row  of  curved  lights  on  every  bridge  spanning  it 
bolting  round,  two  of  the  illuminated  dials  of  Westminster  clock  were  like 
two  do U  moons.  Again,  looking  eastward,  the  whole  lines  of  Commercial  and 
^hitechapel  Beads,  with  their  continuations  through  Holboru  to  Oxford  Street, 
were  visible,  and  most  brilliant  and  remarkable.  We  were  at  such  a  distance 
from  CoQuneroial  Road  that  it  appeared  like  a  line  of  brilliant  fire,  assuming  a 
ftore  imposing  appearance  when  the  line  separated  into  two,  and  most  impo- 
sing just  under  in  Oxford  Street.  Here  the  two  thickly  studded  rows  of  bril- 
J^t  lights  were  seen  on  either  side  of  the  street,  with  a  narrow  dark  space 
^?*ten,  hut  which  dark  space  was  bounded,  as  it  were,  on  both  sides  by  a 
wight  fringe  like  frosted  silver.  At  first  1  could  not  account  for  this  appear- 
**<**  but  presently,  at  one  point  more  brilliant  than  the  rest,  persons  were 
*?&  passing,  their  shadows  being  thrown  on  the  pavement,  and  at  once  it  was 
^i<tent  this  rich  effect  was  caused  by  the  bright  illumination  of  the  shop 
Wk  on  the  pavements. 

1  feel  it  impossible  to  convey  any  adequate  idea  of  the  brilliant  effect  of 
J**4m,  viewed  at  an  elevation  of  1900  feet,  on  a  clear  night,  when  the  air  is 
w  from  mist. 
W66.  2  b 
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It  seemed  to  me  to  realize  a  wish  1  have  felt  when  looking'  through  a  taV 
ecope  at  portions  of  the  Milky  Way,  when  the  field  of  view  appeared  emd 
with  gold-dust,  to  be  possessed  of  the  power  to  see  those  minute  spots  of  Eds 
as  brilliant  stars,  for  certainly  the  intense  brilliancy  of  London  this  night  mat 
have  rivalled  such  a  view. 

We  were  over  the  Marble  Arch  at  6k51m,  about  eleven  miles  in  a  straight !» 
from  Woolwich,  which  distance  had  been  passed  in  about  half  an  hour.  We 
therefore  were  travelling  at  more  than  twenty  miles  per  hour.     On  paws? 
onwards  we  left  the  Edgeware  Road  on  our  right,  and  the  Great  Weston 
•  Railway  on  our  left,  and  passed  nearly  down  the  Harrow  Road.     In  ex  w 
seven  minutes  we  left  the  suburbs  of  London,  passing  over  sfiddfaaflx  in  A* 
direction  of  Uxbridge ;  there  the  contrast  was  great  indeed  ,*  not  a  erasjt  ob- 
ject could  anywhere  be  seen,  not  a  sound  reached  the  ear)  the  roar  of  Lea- 
don  was  entirely  lost.    The  moon  was  shining,  but  seemed  to  give  no  fight , 
and  the  earth  could  not  be  seen.    After  a  time  the  moon  seemed  to  slant  with 
increased  brightness ;  the  fields  gradually  came  into  view,  then  the  ahasVw  <d 
the  balloon  on  the  earth  was  seen  distinctly  pointing  out  oar  path,  whisk,  by 
reference  to  the  pole-star  and  the  moon,  became  well  known.    After  thai  oc- 
casional masses  of  lights  appeared  as  we  passed  over  towns  and  villages.  Uss 
we  passed  out  of  Middlesex,  over  parts  of  Buckinghamshire  and  Berkssse,  to 
Highmoor,  in  Oxfordshire,  where  we  descended  on  the  farm  of  Mr.  Rami  tt 
8h  20",  distant  about  45  miles  from  Woolwich.    The  horizontal  moveuuatcf 
the  air  at  Greenwich  in  the  same  time  was  registered  as  16  miles. 

Unfortunately,  Mr.  Orton  believed  we  were  near  the  sea,  and,  notwithstand- 
ing my  assertions  and  assurances  to  the  contrary,  he  suddenly  brought  the 
balloon  to  the  ground,  and  broke  nearly  all  the  instruments;  the  blip  fii 
lost,  but  an  offered  reward  brought  it  to  me  a  fortnight  afterwards  in  a  wry 
battered  condition. 

The  results  of  this  first  night  experiment  are  very  valuable;  and,  so  far  at 
one  experiment  can  give,  indioate  that,  on  a  clear  night,  the  temperatasa,  up 
to  a  certain  elevation,  increases  with  increase  of  elevation. 

Ascent  from  Woolwich  Arsenal,  December  2,  1865. — The  weather  daring 
the  month  of  November  was  too  boisterous  to  attempt  an  asoent  at  night,  sad 
no  opportunity  presented  itself  till  December  2.  This  day  was  donate,  sad 
held  out  the  prospect  of  a  clear  sky  at  night. 

The  balloon  was  filled,  and  it  was  ready  before  sunset ;  for  some  tin*  after 
this  it  continued  clear,  but  suddenly  became  overcast,  obscuring  the  noon. 
When  the  sun  had  set  nearly  2|  hours,  we  left  Woolwich,  Mr.  Orton  taking 
charge  of  the  balloon.  The  temperature  of  the  air  just  before  leaving  vu 
38*°,  at  1400  feet  high  it  decreased  2° :  unlike  the  previous  ascent,  tihelowest 
temperature  was  always  at  the  highest  point,  and  the  highest  was  at  the 
lowest  point  of  every  asoent  and  descent,  of  which  there  were  several  instniHV 
at  the  highest  point  reached ;  when  nearly  one  mile  high  the  tempsmar* 
was  27°,  being  11°  colder  than  when  we  left  the  earth,  one  hour  and  s  half 
before ;  we  then  descended  with  the  view  of  ascending  again  still  tighcrt 
when  unfortunately,  at  the  height  of  2400  feet,  the  lamp  was  throwi  darn 
by  a  jerk  of  the  balloon,  and  went  out ;  just  before  this  the  temperate*  *■» 
S2£°.     On  losing  the  light  we  continued  the  descent  to  the  earth* 

Pilot  balloons  started  shortly  before  leaving,  having  indicated  the  km 
current  of  air  as  8.E.,  and  the  upper  nearly  W.  On  leaving  Woohneo  w 
passed  over  Stratford,  Tottenham,  St.  Albans,  towards  Tring;  when  hot  w« 
considered  ourselves  high  enough  to  venture  out  of  the  lower  current,  sad  en 
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doing  so,  at  the  height  of  8000  feet,  we  changed  our 
with  some  W.  in  the  wind ;  on  descending  again  to  the  i 
with.  theS.E.  current. 

During  the  whole  ascent  the  sky  was  covered  with  cloud,  and  we  neither 
saw  the  moon,  nor  could  distinguish  her  place  in  the  heavens,  and  we  had  to 
depend  on  the  compass  entirely  for  a  knowledge  of  the  course  we  were  taking. 
This  we  could  readily  do ;  for  although  the  sky  was  uniformly  covered  with 
cloud,  with  very  many  detaohed  clouds  below  us,  some  of  which  were  very 
near  the  earth,  yet  when  no  cloud  was  directly  under  us,  the  boundary  of 
every  field  wan  clearly  visible,  even  at  the  height  of  one  mile.  By  carefully 
noting  the  angle  and  direction  our  course  made  with  edges  of  the  field,  we 
determined  the  direction  we  were  moving.  Thus  guided  we  kept  in  the 
lower  current  till  we  passed  so  far  inland  as  to  be  safe  from  the  sea,  towards 
which  the  upper  current  would  have  taken  us.  The  results  of  this  night's 
experiments  differ  from  those  taken  on  October  2,  by  showing  a  small  de- 
crease of  temperature  with  increasing  elevation.  They  were  made,  however, 
entirely  under  the  cloud ;  for  at  our  highest  point  the  cloud  was  uniformly 
dense,  and  situated  far  above  us. 

In  our  course  we  passed  a  little  north  of  London,  but,  owing  to  a  cloud  of 
lees  elevation  than  1000  feet  between  us  and  London,  we  did  not  see  a  Bingle 
light,  or  anything  of  London,  forming  a  great  contrast  to  the  experience  of 
the  previous  ascent. 

Arrangements  were  made  for  ascents  at  night  in  January  and  February, 
nd  for  several  months  the  balloon  was  kindly  stored  at  night  at  Woolwich 
/or  the  use  of  the  Committee  ;  but  my  health  failed,  and  for  many  months  I 
was  too  unwell  to  attempt  an  ascent  at  night,  and  thus  passed  till  April. 

Ascent  from  Windsor,  May  29,  1866. — I  have  already  said  that  no  ascents 
had  been  made  in  May)  Mr.  Westcar,  of  the  Boyal  Horse  Guards,  then 
stationed  at  Windsor,  kindly  offered  the  use  of  his  balloon,  and  arrange* 
ments  were  made  at  different  times  in  May,  but,  as  is  usual,  some  fruitless 
attempts  were  made. 

On  the  29th  of  May  the  balloon  was  filled  early  in  the  afternoon  and  left 
at  6h  14",  about  an  hour  and  three-quarters  before  sunset,  in  the  hope  of  being 
able  to  remain  in  the  air  for  as  long  after  sunset  as  possible. 

The  temperature  of  the  air  at  this  time  was  58°,  and  was  58£°  at  Green- 
wich Observatory.  It  at  once  declined  to  56°  at  1200  feet,  and  to  43°  be- 
tween the  height  of  8600  to  4600  feet,  then  further  declining  to  29|°  at  the 
height  of  6200  feet,  at  7*  17m.  On  turning  to  descend,  the  temperature 
increased,  but  not  uniformly,  to  54°  at  8h  9m,  at  380  feet  above  the  sea, 
but  very  nearly  touching  the  tops  of  the  trees,  being  about  8°  of  less  tem- 
perature when  at  the  same  height  above  the  sea  on  rising.  Our  otgeot  was  to 
be  as  near  the  earth  as  possible  at  the  time  of  sunset,  and  having  seen  him  set 
to  discharge  sand  so  quickly  as  to  make  him  to  rise  in  the  west.  We  did  not 
succeed*  At  the  time  of  sunset  we  were  about  600  feet  high,  but  directly 
passed  over  a  hill,  and  on  passing  the  ridge,  the  balloon  was  sucked  down  and, 
it  was  only  by  a  very  free  discharge  of  sand  that  Mr.  Westcar  prevented  the 
balloon  coming  to  the  ground.  We  then  again  started  upon  a  second  ascent, 
to  be  as  like  tibia  one  we  had  just  completed  as  we  could  make  it.  At  8k  9m 
the  temperature  was  64°.  Again  the  temperature  declined,  but  somewhat 
less  rapidly  than  before.  On  again  reaching  one  mile  the  temperature  had 
declined  to  39°,  and  on  reaching  the  height  of  6200  feet  (the  same  elevation 
as  we  were  three-quarters  of  an  hour  before  sunset),  the  sun  having  set 
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nearly  twenty  minutes,  the  temperature  was  35°,  or  about  6°  wanner  than 
when  at  the  same  elevation  something  more  than  one  hour  before.  On  tun- 
ing to  descend,  the  temperature  changed  very  little,  it  being  35°  to  36°  for  a 
thousand  feet  downwards.  It  increased  to  37°  at  4500,  to  47°  at  1500,  and 
to  54°  at  900  feet ;  but  here  the  increase  was  checked,  and  at  600  feet  tb 
temperature  was  52|° ;  on  ascending  a  little  again  the  temperature  increased, 
and  decreased  on  descending,  and  was  50£°  on  the  ground  at  a  spot  300  feet 
above  the  sea,  at  half-past  eight  o'clock.  At  Greenwich  at  this  time  the 
temperature  of  the  air  was  52°. 

At  the  time  of  leaving  the  earth  at  6h  14m  the  air  at  Greenwich  had  but  three 
grains  of  moisture  in  a  cubic  foot.  At  Windsor,  near  the  Thames,  there  were 
4J  grains ;  the  air  was  damp :  on  ascending  the  air  at  first  became  drier; 
but  at  the  height  of  one  mile  was  saturated,  and  was  very  nearly  saturated  at 
the  same  height  after  sunset. 

Thus  this  double  ascent  enables  us  to  compare  the  temperatures  of  the  same 
elevations,  just  before  and  just  after  sunset  on  the  same  day,  and  to  estimate 
the  amount  of  heat  radiated  from  the  earth  at  about  the  time  of  sunset 

At  heights  exceeding  2000  feet  the  direction  of  the  wind  was  N.  by  W.; 
at  the  height  of  one  mile  the  air  was  nearly  calm  ;  and  at  heights  less  thai 
2000  feet  it  was  K.  by  E.,  and  these  currents  were  met  with  always  at  those 


At  all  times  during  the  ascent,  whenever  the  sun  shone  upon  a  transparent 
bulb,  or  a  dull  blackened  bulb  thermometer,  the  reading  was  a  very  little 
in  excess  of  the  reading  of  a  shaded  bulb,  and  was  frequently  the  same  eren 
when  the  sun's  heat  felt  sensibly  warm  to  ourselves. 

The  path  of  the  balloon  from  Windsor  was  over  Windsor  Great  Park; 
nearly  over  Woking  at  7h  43"  ;  a  little  west  of  Guildford,  approaching  the 
coast,  at  half-past  nine,  we  calculated  that  the  sea  must  be  near,  and  we 
descended  at  a  place  five  miles  south  of  Pulborough. 

My  attention  was  almost  wholly  occupied  with  the  observations,  Mr.  West- 
car's  was  chiefly  with  the  management  of  the  balloon,  frequently,  however, 
reading  the  several  instruments,  particularly  those  whose  bulbs  were  exposed 
to  the  sun's  rays. 

The  safety  lamp  was  burning  all  the  time,  thus  enabling  the  instruments  to 
be  read  after  dark. 

I  till  recently  believed  that  this  was  the  first  ascent  for  scientific  purposes 
since  that  of  Biot  and  Gay-Lussac  in  1804,  in  which  the  management  of  the 
balloon  was  undertaken  by  the  experimentalists  themselves.  But  I  find  I  am 
in  error  in  this  respect.  My  friend  I/Abbe*  Moigno  tells  me  [that  Messrs.  Bmo 
and  Barrel,  in  the  year  1850,  took  the  entire  management  of  the  balloon  in 
their  own  hands. 

On  descending  one  hour  and  a  half  nearly  after  sunset,  there  was  .no  one 
near  to  assist  us  to  empty  the  balloon  and  to  pack  it.  This  we  had  to  do 
ourselves,  and  were  preparing  to  pass  the  night  in  the  car  of  the  balloon, 
when  towards  midnight  a  shepherd  came  to  attend  sheep,  and  we  passed  the 
night  in  his  cottage  at  the  distance  of  half  a  mile,  leaving  the  balloon,  &c  i* 
the  fields  till  the  morning. 

This  is  the  last  ascent  of  which  I  have  to  speak.  I  regret  that  I  have  not 
been  able  to  report  upon  others,  but  it  is  all  I  have  possibly  been  able  to  make 
in  the  year. 

From  all  the  experiments  made  it  would  seem  that  the  decrease  of  tempe- 
rature with  increase  of  elevation  is  variable  throughout  the  day,  and  variaM* 
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in  the  different  seasons  of  the  year ;  that  at  about  sunset  the  temperature 
Taries  but  very  little  for  a  height  of  2000  feet ;  that  at  night  with  a  clear  sky, 
from  the  only  experiment  made,  the  temperature  increases  with  increase  of 
elevation ;  that  at  night  with  a  cloudy  sky  there  was  a  small  increase  of  tem- 
perature as  the  height  increased ;  that  in  the  double  ascent  on  May  29,  the 
one  just  before  sunset  and  the  other  after,  it  would  seem  that  after  radiation 
is  set  in  the  heat  passes  upwards  till  arrested,  where  the  air  is  saturated  with 
rapour,  when  a  heat  greater  by  5°  was  experienced  after  sunset  than  at  the 
same  elevation  before  sunset. 

Two  years  ago,  when  I  exhibited  the  mean  results  of  the  experiments  then 
discussed,  I  did  so  with  much  confidence,  and  thought  all  that  then  was  needed 
was  to  verify  the  results  exhibited.  Now,  with  increased  knowledge,  I  speak 
very  differently,  believing  that  many  more  experiments  are  necessary,  and 
that  they  should  not  be  confined  to  this  country. 

Certain  it  is,  from  the  very  remarkable  results  obtained  from  the  night 
ascents,  which  might,  with  sufficient  number  of  observations,  have  important 
bearing  both  on  the  theory  of  astronomic  refraction  and  on  the  theory  of  heat, 
that  nocturnal  observations  deserve  repetition  and  extension. 

§  3.  Descbiption  of  the  Table  of  Observations. 

All  the  meteorological  observations  taken  during  the  ascents  are  contained 
in  Table  I. 

Column  1  contains  the  times  at  which  the  observations  were  made.  Column 
2  contains  observations  of  the  barometer  corrected  for  temperature  and  index 
error.  Column  3  contains  the  height  above  the  level  of  the  sea,  as  deduced 
from  the  barometric  readings  in  column  2,  by  the  formula  of  Bailey,  checked 
at  intervals  by  that  of  Laplace,  which  is  as  follows : — 


Z= 


*\     flMtn/i      *+*'-64x/  ^  v.      z+ 52251  \ 


-*(s)x«159(l+-W5-)£^ 

where  Z  is  the  height  required,  and  h,  h\  t  and  t'  the  height  of  the  barometer, 
corrected  for  temperature,  and  the  temperature  of  the  air  at  the  lower  and 
upper  stations  respectively,  L  the  latitude.  The  temperature  of  the  air  for  the 
position  of  the  balloon  has  been  derived  from  the  readings  in  column  4. 
Columns  5  to  7  contain  the  observations  with  wet-bulb  thermometer,  its 
depression  below  the  readings  of  the  dry-bulb,  and  the  deduced  dew-point. 

The  Astronomer  Royal  had  observations  made  every  ten  minutes  at  the 
Royal  Observatory,  Greenwich,  on  the  davs  of  ascent,  by  Mr.  Nash  of  the 
^agnetical  and  Meteorological  Department. 

The  height  of  Greenwich  barometer  cistern  above  the  mean  sea-level  is  159 
feet. 
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Tablb  I.  a. — Meteorological  Observations  made  in  the  Twenty-sixth  Balloon 
Ascent  from  Woolwich  Arsenal,  October  2,  1805. 


Time. 


Aneroid 


Height  ebove 

eet-levelt 


Diyi 


Dry. 


Wet. 

Pit 

5§'4 

u 

5*4 

34 

57"o 

iS 

559 

«'9 

57-* 

"•5 

57*5 

i*4 

5f5 

«7 

5*5 

3 

57*° 

570 

08 

57* 

i"o 

57* 

06 

57* 

0$ 

573 

07 

57'S 
57* 

Z 

575 

07 

575 

07 

573 

0*9 

57*4 

0*6 

57*4 

o-6 

575 

0-5 

Dn- 


0) 
(2) 


(21) 
(32) 


h    m 

■ 

in. 

5  *5 

op.m. 

30*00 

5  35 

0 

i» 

30*OI 

5  45 

0 

>i 

30-OI 

|  55 

6  ii 

0 

»t 

30'0I 

0 

11 

3001 

0 

» 

30*01 

6  17 

0 

n 

30*01 

6  10 

0 

M 

6  aa 

0 

II 

29-90 
18*99 

62c 
6  26 

0 

It 

30 

II 

28*81 

6  a8 

0 

II 

2868 

6  29 

0 

II 

2864 

6  30 

0 

It 

28-94 

6  31 

0 

It 

28*94 

6  3a 

0 

II 

6  33 

0 

II 

20-24 

in 

6  3$ 
6  «6 

0 

0 

II 

If 

6  17 

0 

tl 

a8  6a 

6  38 

0 

1* 

18-64 

6  40 

0 

II 

28*62 

«  41 

0 

II 

28*53 
a8*50 

64* 

0 

>l 

6  43 
«45 
6  46 

0 
0 

0 

If 
II 

II 

28*54 
28-56 
28-61 

6  47 

0 

•1 

64* 

30 

II 

28*64 

6  50 

0 

II 

28*69 

6  ft 

0 

II 

«<* 

0 

If 

28-64 

«  S3 

0 

II 

1864 

feet. 

on  the 
ground 


967 

1,139 
1,166 

1,302 
1,01 1 
1,011 


7*7 
967 

«»*55 

1*3*3 

1.304 
1,322 

«i4*>9 
l»38o 

*»399 
1,380 

M3* 

1,302 
W4 

>i3o* 
ii30* 

a. 


6l  *2 

59-8 
5«« 

57» 

570 

sro 

5i5 

56-0 

5«+ 

581 

S«7 
58-9 

5»S 

58*1 
«8*o 
57-« 

sr* 

sr» 

58-0 
580 

n* 

5!"a 
5** 

s»» 

58-0 
58-0 


55? 
535 

554 
5*'» 


5f9 
561 

55-° 

5fJ 
5fJ 
5«J 

P 

5*6 

S4« 


56*9 

56*9 
57*0 


G. 


(1)  Fixed  a  flat  piece  of  cotton-wool  on  end  of  the  supporting  frame,  and  placed  «fl  i- 
the  bulb  of  a  delicate  minimum  thermometer,  with  its  bulb  fully  exposed  to  the  tkj ;  sua 
placed  a  second  minimum  thermometer  with  its  bulb  projecting  into  space,  and  alto  tfoUT 

Tod  to  the  sky.  (2)  In  tho  balloon  just  before  starting. 

1  Left  the  earth,  and  found  I  oould  not  read  the  instruments. 

1  Can  just  see  the  temperature  is  more  than  56°. 

.  Have  just  succeeded  in  seeing  that  the  temperature  is  above  57°. 

Can  see  better.  (7)  Nearly  opposite  Victoria  Docks. 

I  Off  Brunswick  Pier,  Blackwall.  (9)  Over  the  Thames. 

1  Light  of  moon  across  the  river  very  grand. 
Over  the  Isle  of  Dogs ;  most  difficult  to  write. 
(12)  Over  the  River  Thames  again.  (13)  London  Bridge  in  sight 

(14)  Our  course  is  almost  directly  up  the  river. 

(15)  The  minimum  thermometer  on  wool  near  58°,  and  that  in  air  near  58°. 

(16)  Over  South-Eastern  Railway  Station,  London  Bridge. 

(17)  Over  Southwark  Bridge.  (18)  Over  Blackfriars  Bridge. 

(19)  Nearly  over  Hungerford  Railway  Station.  m 

(20)  Can  see  people  walking  along  the  streets.  Reflexion  of  light  very  remarkable  inuri* 
Nearly  over  Oxford  Street.  (21)  Over  Marble  Arch. 

(22)  Passing  between  Edgeware  Road  and  Bayswater  Road. 
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p 

Dry  and  Wet  Thermometers  (free). 

Tteti 

Aneroid 
Btrometer. 

Height  above 
■ea-lerel. 

Ss 

Dry. 

Wet. 

Diff. 

Dew- 
point. 

1            ..V 

h    m     ■ 

in. 

feet. 

0 

0 

0 

(2) 

6  54    o 

p.m. 

28-38 

i,55* 
«.7*5 

589 

5Z** 

I'O 

570 

5  S5    ° 

6  56    0 

»$ 

28-14 

590 

*l'l 

o*8 

S7'i 

57*8 

11 

27*97 

»»949 

59-6 

586 

i-o 

(3) 

6  58    0 

M 

2845 
2876 

1,488 

59-0 

*l'1 

0-9 

57*3 

700 

if 

1, '91 

in 

581 

1*2 

57' 

7    1    0 

11 

2866 

1,286 

57-2 

1*6 

55'8 

<*> 

740 

11 

2884 

1.115 

587 

57*6 

i*i 

56*5 

750 

11 

2883 

1,124 

557 

57-« 

t*I 

565 

(S) 

7    7o 

11 

2884 

i,"5 

58-6 

576 

vo 

567 

7    9    0 

»i 

28-84 

i,"5 

586 

57'4 

1*2 

56-3 

1 

7  11    0 

11 

2904 
2899 

925 

58-6 

574 

1*2 

56-3 

I 

7  12    0 

it 

970 

587' 

7  15    0 
7  16    0 

11 

29-04 

925 

58-2 

568 

**4 

555 

!  <6> 

it 

29-14 

835 

57'* 

55*8 

«'4 

545 

1     ^— ^ 

7   17      O 
7    15     O 

7  19    0 

i> 

2919 

790 

573 

55'8 

**5 

543 

S3 

11 
11 

29-34 
29-04 

«55 
025 
880 

5r5 

56-1 
55* 

3 

55'o 
53* 

1 

7  21    0 

it 

2909 

58-8 

5$'2 

1-9 

55'* 

i 

7  ii    0 

11 

2924 

Z45 

582 

568 

»'4 

555 

' 

7  *4    ° 

it 

29*16 

V7 

1 

7  27    0 

11 

29*16 

V7 

5!'5 

56-5 

2-0 

547 

1 

7  30    0 

11 

29*16 

817 

s!'-s 

57*0 

*5 

55-6 

7  32    0 

n 

*9'34 

637 

58*0 

567 

«'3 

54"8 

7  35    0 

it 

*9'44 

53I 

57-6 

56-1 

*'5 

7  37    0 

i» 

2924 

736 

5*0 

56-5 

**5 

55* 

7  39    0 

11 

29*03 

947 

58-6 

744    0 

11 

*9'55 

ili 

57** 

562 

I'O 

55'3 

7  46    0 

M 

*9'44 

618 

SV 

55o 

2*2 

5*9 

<i§j 

7  48    0 

H 

2939 

663 

58-0 

55-8 

2*2 

547 

7  50    0 

II 

29*16 

802 

58-0 

559 

2*1 

54*9 

7  51    0 

n 

29*06 

898 

*v 

7  55    0 
7  58    0 

>» 

2894 

1,019 

5!'+ 

56*0 

**4 

53-8 

(11) 

i» 

2894 

1,029 

5!'l 

800 

i» 

2924 

751 

568 

54*6 

2*2 

5*5 

13 

820 
840 

»t 
»» 

*9'44 
2936 

I61 

57*o 
57*2 

555 

«7 

540 

8  10    0 

2914 

846 

577 

(14) 

8  12    0 

11 

2936 

637 

569 

54'5 

2-4 

52-3 

!  li  ° 

8  16    0 

n 

1909 

890 

57-2 

55*o 

2*2 

53*0 

(15) 

a> 

29*24 

756 

575 

5f9 

2*6 

5*4 

8  18    0 

29-61 

403 

57/3 

560 

»'3 

54'8 

(16) 

8  20    0 

11 

ground. 

56*0 

1.  2.  3.  4.  5.  6.  7. 

(1)  Thermometer  on  wool  58°.        (2)  Thermometer  with  projecting  bulb  in  space  58°. 

(3)  Leering  London;  great  contrast  looking  towards  London  and  looking  towards 
Uxbridge,  the  direction  in  which  we  are  going  nearly.  (4)  Misty  and  very  dark. 

(5)  Misty.        (6)  Changed  direction.  Can  see  the  shadow  of  the  balloon  on  the  ground. 

(7)  Loud  cheering  heard.        (8)  The  shadow  of  the  balloon  on  the  ground  is  very  dark. 

(9)  Instruments  difficult  to  read  (10)  Crossing  the  River  Thames. 

H 1)  Over  a  wood.  (12)  Can  see  yalre  of  the  balloon. 

(13)  Over  water,  crossing  the  Rivet*  T-hames  again. 

14)  Can  just  see  *  Lyras  at  the  boundary  of  the  balloon. 


15)  Orer  very  wooded  country. 
16)~         '  "  *  **" 


Descended  on  a  farm  at  Highmoor,  in  Oxfordshire,  nine  miles  from  Reading  and 
fire  miles  from  Henley-upon-Thames. 
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Table  I.  b. — Meteorological  Observations  made  in  the  Twenty-seventh  Balloon 
Ascent  from  Woolwich  Arsenal,  December  2, 1865. 


\i 

]>7  and  Wet  Then 

notnrtm  (free).        I 

Time. 

Aneroid 
Barometer. 

Height  above 
■ca-lerel. 

1 

A3 

Drj. 

Wet. 

Diff. 

h    m 

■ 

in. 

feet. 

e 

e 

0 

. 

(1) 

5     ° 

0  p.m. 

29*68 

\                 / 

38*8 

38o 

ot 

m  ( 

5     * 

0    „ 

a9'68 

on 

39*0 

38-1 

09 

3f9  1 

5    9 

0    „ 

-29*68 

►    the    * 

39*0 

38*0 

1*0 

367  ! 

5  » 

0    „ 

29*68 

ground 

390 

38*0 

i"o 

367  , 

5  *4 

0    „ 

29*68 

38-5 

38-O 

o*5 

in 

(2) 

5  »5 

0    „ 

29*68 

/               . 

38J 

38-0 

o'3 

376  , 

k 

5  l6 

0    ,, 

2938 

320 

366 

36*2 

04 

357  ' 

5  *7 

0    „ 

28*23 

1.410 

36*2 

36*0 

0*2 

357 

5  l8 

0    „ 

28*15 

*,485 

36*2 

36*0 

0*2 

357    / 

(6) 

5  »9 

0    „ 

28*13 

1,504 

36*2 

36*2 

o*o 

361    J 

5  *o 

0    „ 

28*13 

1,504 

36*2 

36*0 

0*2 

357    1 

5  2I 

0    „ 

28*03 

1,598 

36-3 

36-» 

O'l 

jfro 

(«) 

5  ** 

0    „ 

*8'33 

M*6 

36-3 

3<-» 

o#i 

36*   1 

5  *4 

0    „ 

2838 

1,269 

36*2 

35« 

°"4 

351   1 

(7) 

5  *5 

0    „ 

2838 

1,269 

3-5*5 
366 

! 

5  *6 

0    n 

2828 

».363 

$3 

O'l 

30-4  ! 

5  *7 

0    „ 

28-23 

1,410 
i»043 

3^7 

o-i 

1*5    . 

5  *9 

0    „ 

2798 

363 

36*0 

0*3 

365    1 

5  3o 

0    „ 

27'93 
27*98 

1,692 

3«5'4 

35*9 

o*5 

35** 

5  3* 

0    „ 

1,642 

37-a 

37'o 

0*2 

367    / 

8 

5  3* 

5  3* 

0    „ 

+    „ 

28-00 
28*08 

1,625 
1,548 

366 

37*o 

f 

1 

5  33 

0    „ 

28*01 

1,615 

366 

36-6 

0*0 

J«<    1 

5  34 

0    „ 

27'93 

1,692 

367 

366 

o*i 

3L5 

5  35 

0    „ 

2703 
2708 

1,692 

366 

36-6 

0*0 

%H 

(10) 

5  36 

0    „ 

«,93o 

363 

36*2 

O'l 

jfro    | 

5  3Z 

0    „ 

27*58 

2,025 

36*2 

36*0 

0*2 

357   | 

5  38 

0    „ 

27*52 

2,083 

36*0 

35*8 

0*2 

355   i 

5  38 

+    ,, 

2748 

2,121 

36-5 

363 

0*2 

36*    1 

5  39 

0    „ 

2783 

1,788 

37*o 

368 

0*2 

3*t 

(ii) 

5  4° 

0    „ 

2788 

i»74i 

37*3 

376 

37"o 

OS 

3«    \ 

5  4i 

0    „ 

27*93 

1,692 

372 

o*4 

3i*j  1 

(12) 

5  44 

0    „ 

*7'93 

1.692 

37*5 

37'* 

03 

3«    1 

itf 

0    „ 

2773 

1,882 

372 

37* 

o*o 

37** 

0    „ 

*7'53 

2,072 

350 

35'* 

5  47 

0    „ 

27*28 

*,3*3 

34* 

340 

0*2 

337 

(13) 

5  47 

+    „ 

27*08 

2,522 

34* 

34* 

o*o 

34** 

5  48 

0    1, 

2698 

2,601 

34-o 

340 

O'O 

34-0 

5  49 

0    „ 

26*98 

2,601 

34-0 

340 

O*0 

34"° 

(14) 

5  So 

0    „ 

27*13 

*,457 

34* 

34* 

o*o 

34** 

1. 


4. 


6. 


7. 


Let  off  a  pilot  balloon,  which  took  the  direction  of  N.W. 

Left  the  earth.  (3)  Misty  all  round. 

Damp  to  sense ;  cannot  see  London. 

Going  in  the  direction  of  W.  by  N. ;  can  see  Woolwioh,Greenwich,&c.,but  not  Lot** 

Going  towards  Stratford. 

Near  Commercial  Boad ;  can  see  its  long  line  of  lights. 

Discharged  sand,  about  14  lbs.  in  weight,  and  caused  us  to  rise  about  550  feet 

Both  radiation  thermometers  near  28  .  (10)  A  densely  cloudy  sky. 

Cloudy ;  nothing  visible. 

Earth  dotted  with  large  white  clouds ;  some  of  them  miles  in  extent 

Moving  N.W.  by  compass.  (14)  Gas  clear. 


ON  THREE  BALLOON  ASCENTS  IN  1865  AND  1866. 
Tabus  I.  b  (continued). 
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\i 

Dry  and  Wet  Thermometers  (free). 

Time. 

Aneroid 
Bsrometer. 

Height  above 

•es-leveL 

ia 

Dty. 

Wet 

Ms*. 

Dew- 
point* 

h    m     ■ 

in. 

fleet* 

o„ 

e 

e  „ 

0 

5  50  30  p.m. 

*7"44 

•M57 

348 

34* 

0*6 

•34'5 

5  51    0 

» 

27-51 

2,088 

350 

349 

O'l 

34-8 

5  52    0 

«t 

*7*53 

2,068 

348 

34*0 

o*8 

3*7 

5  53    © 

i» 

*7'53 

2,068 

34*8 

346 

0'2 

343 

5  54    ° 

»» 

2748 

2,316 

345 

34*3 

0*2 

34*o 

(») 

5  55    ° 

»» 

5  5*  3o 

ti 

27*01 

2,560 

32*8 

33-0 

(2) 

5  5«    0 

i* 

26*98 

*.5*9 

3*7 

32*6 

0*1 

3*4 

5  59    0 

600 

tt 

26*98 

2,589 

327 

3*5 

0*2 

321 

(3) 

»» 

27*03 

*»54* 

3*7 

3*5 

0*2 

321 

610 

♦  1 

27*08 

*»49* 

330 

33*0 

o*o 

330 

6    &    0 

•1 

26*83 

2,736 

330 

330 

0*0 

330 

(4) 

630 

II 

26*65 

2,909 

330 

330 

O'O 

330 

(3) 

640 

II 

26*63 

2,929 

33*o 

32*8 

0*2 

3*'4 

650 
660 

II 

26*61 

*»949 

33* 

3*9 

0*2 

3*5 

II 

26-58 

2,978 

33-0 

3*7 

0*3 

32*1 

6    6  30 

It 

**53 

3.o3* 

33*« 

32*6 

o'S 

31*6 

670 

!» 

2653 

3i<>3» 

333 

3*9 

04 

32*2 

(6) 

680 

II 

26*63 

*.934 

33*3 

(7) 

6    8  30 

II 

2638 

3.*  79 
3,228 

340 

317 

*'3 

*77 

,  (8) 

690 

II 

2633 

3*4 

32*0 

0-4 

312 

6  10    0 

tl 

2633 

3»**8 

32*0 

3»7 

0-3 

31*0 

;<B 

6  11    0 
6  12    0 

II 
II 

2643 
2658 

3»*3o 

3*7 

32*2 

0*5 

3*'3 

1 

6  13    0 

II 

2,980 

328 

32*2 

o*6 

31*1 

6  14    0 

II 

26*61 

2,950 

33'3 

33*0 

03 

3*5 

i 

6  15    0 
6  16    0 

II 

2665 

2,910 

33*5 

32-3 

0*2 

30*1 

(in 

(12) 

II 

2688 

2, 680 

33'4 

3*7 

0*7 

32*6 

6  17    0 

II 

27*  1 3 

*»443 

34#o 

335 

o-5 

,03) 
(14) 

6  18    0 

II 

2668 

a,883 

32*8 

32*3 

05 

307 

6  22    0 

II 

26*08 

3-477 

295 

278 

»7 

22*1 

(Id) 

| 

6  23    0 
6  14    0 

II 
II 

26*01 
2591 

\p 

294 
295 

27*2 

273 

2*2 

2*2 

19*8 
200 

625    0 

II 

2588 

3.675 

29*6 

27*4 

2#2 

20*3 

i 

6  26    0 

II 

2588 

3.675 

29*6 

*7*5 

2' I 

20*7 

6  27    0 

II 

25*97 

3.5*5 

30*0 

295 

0'5 

27*9 

(16) 

6  28    0 

II 

26*  1 3 

3-4*5 

Si-" 

30*0 

1*1 

27*1 

6  29    0 

II 

26*23 

3.3*5 

312 

30*0 

1*2 

26*9 

(17) 

6  30    0 

II 

2635 

3,206 

312 

30*0 

1*2 

260 

6  31    0 

II 

2635 

3,206 

312 

29*9 

1'3 

266 

1. 


3. 


6. 


(1)  Clouds  under  us  look  yery  fine ;  fields  and  their  boundaries  yery  clear ;  can  hear 
clock  striking ;  sand  thrown  out    (2)  45  seconds  crossing  a  field.    (3)  Sand  thrown  out 

(4)  Uniform  dense  cloud  obscuring  the  moon  and  every  star. 

(5)  Large  detached  clouds  under.  (6)  Sky  cloudy  above. 
(7)  Detached  clouds  in  many  places  oyer  land.         _  (8)  Fine  appearance. 


(9)  Thermometer  on  wool  read  23°*5,  that  in  space  20 
(10)  Cannot  see  moon ;  direction  by  compass  N.W. 


(12)  Sand  tischarj 


(11)  Thermometer  on  wool  23°*5,  that  in  space  20° 

(13)  Near  Tring;  entered  a  different  current  of  wind  and  changed  direction  to  ] 
a  S.S.W.  wind.  (14)  Bailway  train  appears  like  a  meteor. 

(15)  Cold  to  sense.  (16)  Sand  discharged. 

(17)  A  town  risible  nearly  to  the  N.  of  us ;?  Dunstable. 
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TAB£B  I.  B  (dontinued.) 


It 

Dry  and  Wet  Thi 

gmomrtCTB 

*•* 

if 

Time, 

Aneroid 
Btfometoft 

Height  abort 
eea-lerel. 

32 

Dry. 

Wet. 

Diff. 

I** 

h    tt     i 

In. 

feet 

0 

0 

9 

9 

a) 

.     6  j*    o  p.m. 

2613 

3,606 

309 

%: 

'•9 

*r* 

6  33    o    „ 

*5"95 

10*2 

I'D 

H7 

0) 

6  34    o    „ 

•573 

3,826 

*7* 

162 

16 

«9"5 

6  35    o    „ 
6  36    0    „ 

1571 

3,846 

*7"8 

26-2 

1*6 

W 

*5'5S 

4.oo| 
4,126 

*7'5 

26-2 

«'3 

*°7    , 

P) 

6  38    0    „ 

*5*43 

27'» 

165 

07 

*T4   ' 

« 

6  39    0    „ 
6  39  3o    » 

*5*i5 
*4'93 

4*o* 
4&8 

*7"2 

*7'» 

26*2 
26*2 

I'O 
fO 

*n  \ 

*H    \ 

6  40    0    „ 

2513 
25*28 

4,4** 

27-2 

26'0 

1*2 

20-7 

w 

6  41    0    „ 

*i7I 

*77 

27*2 

O'S 

*n  / 

6  4a    0    „ 

25-88 

3>«7* 

*9"9 

28-5 

i'4 

IfO     | 

(«) 

•  43    °    » 

SO'OI 

3.54* 

30-0 

29*0 

l*o 

*S"9 

6  44    0    „ 

2608 

3»47« 

30*5 

29*6 

09 

*n 

6  45    0    „ 
6  46    0    M 

16-43 

3.1*8 

31*0 

30-3 

07 

1*4    1 

en 

2693 

2,628 

32*0 

3*'5 

«'5 

yrs  ! 

6  47    0    „ 

*r»3 

27-18 

2,428 

3**5 

320 

o'5 

jn>   1 

w 

6  48    0    „ 

M7* 

t 

7  10    0    „ 

*93° 

on  ground. 

40* 

393 

o*9 

jh  1 

Tabu  I.  a— Meteorological  Observations  made  in  the  Twenty-eighth  Bslfcwe 
Ascent,  from  Windsor,  May  29, 1866. 


(») 

6  12    0  p.m. 

29*88 

ground. 

58*0 

550 

S-o 

P-I   1 

6  14  30    » 

mi 

561 

ST* 

55*« 

2*1 

JP    | 

6  ij    0    „ 
6  10    0    „ 

»,*47 

55'* 

53' 

2*1 

$»•» 

Wl 

28-46 

I»34<> 

.    547 

5*5 

2*2 

s;i 

(") 

6  17    0    „ 

535 

51*0 

*'5 

<is 

6  17  30    „ 
6  18    0    „ 

28-01 

1,782 

5*5 

481 

4"4 

4!i  \ 

27-86 

*.9*9 

5*5 

4r  « 

5-4 

4r6 

<f«> 

6  19    0    „ 

2776 

2,027 

5*'» 

4«'5 

57 

4*7  ! 

(18) 

6  20    0    „ 

%rlA 

2,027 
1.908 
1,829 

52-8 

472 

5-6 

V5 

6  21    0    „ 

2788 

52-2 

475 

47 

4*7    , 

<"> 

6  21  30    „ 

279$ 

53'o 

470 

fro 

41-0    ! 

6  21  45    „ 

2796 

1,829 

5*7 

47-0 

57 

4*"*    1 

6  22    0    „ 

*777 

2,017 

5*5 

47*3 

5"* 

410    - 

6  23    0    „ 

27-56 

2,223 

50-2 

450 

5** 

Jf5 

(1)  Thermometer  on  wool  21°,  that  in  space  19° 


5. 


(3)ta»ddi«faftipi 


Thennometer  on  wool  B0*°,  that  in  spate  18}°. 
Beautiful  appearance  of  detached  clouds  on  earth. 
Black  clouds,  and  vary  high,  completely  coTer  the  sky  abote. 
Moon  visible ;  stall  moving  N.N. W.,  both  by  the  moon  and 
Changed  direction ;  motingS.B. 
(8)  Whilst  supplying  the  wet-bulb  themonwter  with  water  I  feUa^ei  the  kw^^ 
as  extinguished;  came  to  the  ground  at  7  o'clock  at  Bidgemouth,  near  Woken.  IW 
fordshire. 
f  9)  left  the  earth.  (10)  Direction  due  S. 


)  Thermometer  in  son  reads  530.  (12)  Fine  view  of  Ascot  Baeeoouras  to  8.W 

13)  The  numerous  hawthorn  trees  in  blossom  are  like  snowballs  on  the  ground-  Ik 


aokened  bulb  thermometer  in  sun  reads  49  ° 


(14)  Sand  dia^argei 


ON  THREE  BALLOON  A8CBNW  IN  1865  AND  1866.  8ft) 

Table  I.  c  (continued). 


¥ 

Dry  and  Wet  Thermometer*  (free). 

Aneroid 

Height  ebon 

Tune* 

Barometer. 

■eft'WTiL 

s* 

Dry. 

Wet. 

Diff. 

Dew* 
point. 

1 

h    m    ■ 

In. 

feet. 

e 

0^ 

• 

0 

634    0  p.m. 

*7-3J 

1,469 

401 
48'0 

448 

44 

40*0 

(1) 

6  17    0 

»» 

17*06 

*»7*5 

44'° 

4° 

396 

\l\ 

6  31  30 

»» 

1681 

1,961 

47*5 

440 

35 

401 

(3) 

6  31    0 

u 

1681 

1,961 

47** 

440 

VI 

4^4 

6  33     0 

6  36    0 

M 

1668 

3»°93 

46'' 

44© 

18 

409 

£1 

It 

16-61 

3»i7» 

471 

431 

%\ 

38'5 

)l\ 

6  37    0 

»l 

16-51 

3,176 

4«* 

4*1 

35'4 

TO 

6  39    0 

}| 

16-37 

3»4i* 

4«-9 

41*0 

69 

345 

6  40    0 

»» 

16-31 

3»4»i 

47* 

41-5 

57 

36*1 

6  43    0 

If 

i6*oi 

3»79f 

47* 

410 

5* 

(7) 

6  40    0 

II 

15-96 

3.M 

46*1 

4*5 

47 

36*1 

II 

15'9» 

3,900 

43*6 

40*0 

3-6 

35* 

(8) 

6  47    0 
6  4$    0 

II 
It 

*57* 
1556 

4i°3« 
4>**4 
4*3" 

435 
43** 

393 
39* 

4* 

34 

34!2 

35* 

6  51    0 

It 

*5'5» 

435 

40-0 

R 

359 

6  52    0 

II 

iSHf 

4i368 

433 

401 

365 

l 

6  53    0 

It 

*5'3* 

4*447 

43* 

401 

S"« 

36-4 

\ 

6  54    0 

ft 

1516 

4.57* 

4«*5 

89*5 

I'O 

37** 

1  » 

65«    0 
6  56    0 

II 

1516 

4,675 

?9'0 
395 

$90 

o-o 

390 
38-4 

■ 

It 

15*11 

4,6*3 

3go 
387 

o'S 

,ao) 

6  57    0 
6  58    0 

It 

1536 

4.4*7 

4o-5 

»*8 

35*3 

1 

ft 

1541 

4**5 

409 

?8i 

17 

347 

i(ii) 

6  59    0 

tt 

•5*43 

4-394 

41-0 

19 

34'4 

700 

II 

39* 
380 

37'5 

17 

353 

(12) 

710 

It 

1491 

4.934 

36-5 

»5 

34*5 

7*0 

tl 

*477 

5.078 
5»i*i 

37* 

36-1 

I"i 

34*6 

730 

II 

1467 

37* 

JI5"0 

r* 

3*» 

740 
760 

II 

H*4i 

5,469 

350 

345 

°'5 

337 

It 

14*40 

5»48° 

345 

340 

o*5 

33-1 

770 
7*o 

ft 

1416 

5.739 

35© 

p4'5 

0-5 

337 

(13) 

tl 

14*16 

5.739 

35* 

34» 

Vi 

3*'4 

& 


4. 


6. 


7. 


Misty ;  course  still  almost  due  S. 


(2)  Can  W  the  rotate  of  boys  calling  out  in  Long  Walk* 

(3)  Wonderfully  wooded  country.  Oyer  Virginia  Water;  oan  see  ripples  on  the  water. 
Blackened  bulb  thermometer  reads  440,  and  a  transparent  bulb  45°** ;  the  sun  is  shining 
*»  the  bulbs. 

(4)  BtilX  mering  B. ;  son  shining  brightly;  blackened  bulb  43°'!;  minimum  radia- 
tion 39°.2# 

(8)  Can  see  train  on  the  South- Western  line;  appearance  like  a  caterpillar;  at 
*4o*justoutofmist. 

(6)  Sun  warm  to  sense  { 'mistr  below ;  blue  sky  above ;  cannot  see  far ;  plain  thermo- 
meter in  sun  reads  45°! ;  the  blackened  bulb  44°*5. 

(7)  Earing  supplttd  water  to  the  wet-bulb,  the  wet-finger  steamed,  and  steam  sur- 
ged MrVWertear's  hand. 

jjW  The  thermometer,  with  its  bulb  exposed  to  the  sun,  reads  4i°'5 ;  the  minimum 
tbennometer  reads  370. 

( *)  Mr.  Westcar  remarked  that  it  had  suddenly  become  damp  to  sense. 

(10)  The  sun  discerned ;  misty. 

(|1)  The  transparent  bulb  reads  *6° ;  the  minimum  thermometer  on  stand  reads  36°. 

(J2)  Gas  clear ;  sun  behind  clouds. 

\U>)  The  blackened  bulb  uWmometer  reads  330 ;  the  txanaparent  bulb  beside  it  reads 
32  ;  and  the  minimum  on  stand  reads  31°. 
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Table  L  c  (continued). 


p 

1 

1 

D17. 

udWctTh 

(*•* 

Ttee. 

*0££L. 

Height**** 

Js 

Diy. 

Wet. 

Die 

I 

*    » 

■ 

ia. 

feci. 

e 

0 

0 

0 

7    9 

0 

pjn. 

*4*«4 

5.76o 

35-0 

34« 

a 

3*7 

0) 

7  io 

0 

m 

*4«4 

5.7*5o 

35** 

33*6 

3-^ 

7  « 

0 

>* 

24*21 

5.673 

357 
36*0 

33*7 

2"0 

jO*7 

8 

7  I* 
7  '3 

0 
0 

n 

2436 

5^89 

33*5 

**5 

** 

7  H 

0 

n 

24*06 

5.778 

3i-V 

30*0 

Ti" 

S" 

7  «6 

0 

n 

5.83* 

31-0 

30*0 

t-o 

m 

0 

n 

2391 

ee 

30-5 

291 
28-0 

'"4 

251  \ 

7  »7 

0 

n 

2376 

*9*5 

«*5 

iro 

7  i* 

0 

n 

23*61 

6,3*5 

*9*5 

280 

«*5 

tj-o    1 

7  19 

0 

n 

23-66 

6,271 

30*0 

28-3 

17 

13-0  J 

7  20 

0 

ti 

2376 

6,162 

3o-5 

285 

2-0 

ui 

7  *" 

0 

it 

23-86 

6,053 

31*0 

28*0 

3"° 

,,# 

7  ** 

0 

t> 

2391 

5.998 

31*5 

28*7 

28 

ul 

(<) 

7  *3 

0 

n 

l\f, 

5.9** 

320 

*9*5 

**5 

*n 

7  *4 

0 

tt 

6,031 

31-8 

292 

2-6 

15-8  1 

(5) 

7*1 
7  10 

0 

n 

*  ^  1 

0 

n 

24-11 

5.790 

ii':f 

30*0 

"vi 

»S*  \ 

(«) 

7  *7 

0 

»» 

24*26 

5.617 

322 

3»*5 

0-7 

jai 

7*8 

0 

n 

2441 

5*54 

330 

312 

1  8 

*7* 

7  *9 

0 

n 

2451 
24-66 

5.350 

33*o 

31-2 

t-8 

«7< 

7  30 

0 

»» 

5.197 

33** 

31-0 

2*2 

rf7 

7  3' 

0 

>! 

24*76 

5.078 

34'o 

31-2 

2*8 

»6'» 

7  3* 

0 

»t 

2481 

5.0*5 

345 

318 

**7 

*n 

(7) 

7  33 

0 

»» 

2491 

4.9*9 
4.5*6 

34*5 

32-2 

**3 

1,7  / 

7  34 

0 

»» 

25*28 

355 

33*« 

*'4 

*♦  / 

& 

7  35 

0 

*  n 

*5*37 

4,431 

36*0 

34** 

i-S 

S»'$ 

(») 

7  3« 

0 

»• 

2546 

4.336 

7  37 

0 

n 

2558 

4.*o9 

36-2 

34*7 

*"5 

3*3 

7  3« 

0 

»» 

2576 

4.019 
3.9'8 

36-2 

35*o 

1-2 

33* 

7  39 

0 

»f 

25-86 

V'l 

35*8 

**3 

54*° 

7  40 

0 

tf 

26-16 

3.6i5 

38*0 

36-5 

«*5 

*'i    . 

7  4i 

0 

tt 

26-31 

3.463 

38-9 

367 

2-2 

33^    ■ 

7  4* 

0 

tt 

26*51 

3i*6i 

392 

37*o 

2*2 

H* 

(10) 

7  43 

0 

tt 

2654 
27*06 

3,*3© 

405 

37*5 
3Z* 

3*0 

15*7 

7  44 

0 

tt 

2,716 

411 

3*3 

JIT 

7  4I 

0 

ti 

27-11 

2,669 

411 

38*0 

3*» 

Jf« 

(») 

7  4* 

0 

ft 

27*11 

2,669 

420 

385 

3*5 

*l 

7  47 

0 

tt 

2738 

*^07 

435 

40-0 

% 

js** 

7  48 

0 

M 

2746 

*.3*9 

44*o 

40-2 

J57    ' 

7  49 

0 

tt 

27*65 

2,142 

44*9 

40*3 

4*6 

JO   1 
#4 

7  5° 

0 

ff 

27-86 

»,937 
1,821 

44*9 

40'5 

44 

(12) 

7  51 

0 

tt 

2798 

45*o 

409 

4*i 

}6i    1 

1.  2.  3.  4.  5.  6.  7. 

'    (1)  Gas  misty.  (2)  The  minimum  radiation  thermometer  reidf  5  ie- 

f  3)  Near  Woking ;  moving  Terr  slowly.  (4)  Golden  spangles  in  water. 

( 5 )  Let  off  parachute ;  fell  slowly  and  Tory  prettily. 

(6)  The  minimum  radiation  thermometer  reads  27°*7. 
f  7)  Golden  rays  of  sun  shining  on  water  again. 

(8)  The  minimum  radiation  thermometer  reads  310.  m 

(9)  Approaching  Guildford  very  slowly ;  Alder-shot  in  distance ;  main  line  of  &*** 
Western  Railway  nearly  under  us. 

(10)  Over  cemetery  near  Woking ;  the  minimum  radiation  thermometer  reads  25*. 

(11)  Let  off  parachute.  (12)  Waterfall  visible  to  the  left. 
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Table  I.  c  {continued). 


u 

D?y  and  Wet  Tbeniometen  (free). 

Time. 

Aneroid 
Beroneter. 

Height  shore 
aea-lereL 

IS 

Dry. 

Wet. 

Biff. 

Dew- 
point. 

8 

h     m    a 

7  5»    o  p.m. 

in. 
18*36 

feet. 

M57 

4©* 

0 
420 

p 
4* 

0 

3r; 

7  53    °    » 

2843 
28*46 

J.393 

47-0 

422 

4*8 

36*8 

7  54    o    „ 

i-3-*5 

48-0 

4*5 

55 

364 

(3) 

7  5l«    .. 

28*51 

M»8 

480 

4*5 

55 

364 

i4> 

(5) 

7  59  3©    ». 

482 

43* 

5*o 

377 

S     0    0  „ 

28-81 

1,031 

48a 

43* 

5° 

377 

S     1    0  „ 

2888 

960 

4«'3 

43*3 

5° 

37-8 

(6) 

S     3    0  „ 

28*91 

g 

48-3 

433 

5° 

37-8 

*     4    0  „ 

29*01 

490 

44*5 

45 

40*6 

s 

I     I    °  " 
8     6    0  „ 

29*06 
29*21 

801 
663 

495 
51* 

♦I5 
46*0 

5° 
5* 

39'.l 

40*6 

I     1    °  " 
880,, 

29*22 

«54 

51* 

460 

5* 

40-6 

<W 

29*22 

654 

512 

46*0 

P 

40*6 

890,, 

2941 

28*74 

479 

540 

47-8 

6-2 

4*7 

8  10    0  „ 

1,110 

520 

46-5 

5*5 

409 

8  11     0  „ 

2846 

»»379 

5ro 

462 

4'8 

41-2 

8  11    0  „ 

1826 

»»57» 

505 

455 

5o 

*?'* 

\ 

8  13     0  „ 

2788 

».95» 

4Q-i 
482 

441 

50 

387 

8  14    0  „ 

2746 

2,362 

437 

45 

388 

i 

8  15    0  „ 

27*01 

*-795 

470 

43o 

4*o 

385 

/ 

*  »5  3o  .» 
8  16    0  „ 

2666 

3»»5* 

44* 

41-8 

**4 

39-0 

2628 

3.540 
3-7*i 

43*5 

408 

*7 

37* 

8  16  30  „ 

2606 

42-2 

405 

17 

384 

8  17    0  „ 

2587 

3*95* 

410 

409 

o-i 

40-8 

8  17  30  n 

2564 

4.197 

398 

38'* 

r6 

36*1 

8  17  45  » 

*5*45 

4.3M 

391 

38-0 

i-i 

36-6 

8  18    0  „ 

2527 

4-579 

389 

382 

07 

37*3 

8  18  15  „ 

25*08 

4,77* 

389 

38-5 

o*4 

38*0 

8  18  30  „ 

2488 

4»99° 

389 

385 

o'4 

38-0 

(W) 

8  18  45  » 

*474 
24*56 

5pI43 

389 

38* 

©'4 

380 

8  19    0  „ 

5.339 

38*9 

38-5 

04 

38-0 

8  19  »5  h 

2438 

5.533 

3!'5 

38-4 

O'l 

383 

*  19  3o  ti 

2428 

5.64* 

38-0 

38*0 

©•0 

38-0 

«  »9  45  .. 

1396 

5.979 

34*5 

34* 

©'3 

337 

(») 

8  *o    0  „ 

2376 

6,197 

33-5 
336 

33*3 

0*2 

33-0 

8  a©  15  »t 

23*66 

6,3*7 

334 

0'2 

33* 

8  ao  30  „ 

2364 

•5.34* 

340 

340 

o-o 

34© 

8  *©  45   » 

2364 

*.34i 

345 
34» 

345 

0*0 

345 

8  ai    0  „ 

2364 

*»34-< 

34*5 

©•I 

348 

8  11  15  » 

23*61 

6.377 

350 

349 

0-1 

8  »i  30  „ 

2358 

1**1 

351 

349 

0-2 

34* 

(12) 

8  *»  45  .. 

23-63 

35* 

350 

0*2 

34'5 

8  si  15  » 

*377 

6,198 

359 

353 

o-6 

344 

8  12  30  „ 

23-78 

6,186 

35*9 

35*3 

o-6 

344 

*  as  45  ». 

23-91 

6,039 

.359 

35'3 

o*6 

344 

8  13    0  „ 

2396 

5.9** 
5,892 

359 

35*3 

o-6 

344 

- 

8  *3  «5  » 

2404 

355 

35* 

©•3 

347 

a 


.,  (l)  Appearance  of  May  trees  very  peculiar. 

dearth.        (3)  Parachute  readied  the  earth. 

(5)  The  radiation  thermometer  reads  44°- 


»hieoi 


I)  The  parachute  seems  to  skim  oyer 

|4)  Can  hear  the  quacking  of  ducks. 

'6)  Close  to  the  town*  of  Guildford, 

is  a  little  west  of  us.    (7)  Passing  oyer  high  land ;  Box  Hill  range.     (8)  Sun  setting. 

(9)  Slicked  down  Tory  remarkably  on  going  oyer  the  hill ;  two  bags  of  sand  required  to 

*unteraot  the  effect.     (10)  Opened  the  valve  a  little ;  the  first  time  since  leaying  Windsor. 

(M)  Sensibly  damp  and  cola.  (12)  Mist  orer  the  earth ;  cannot  see  for. 
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Table  I.  c  (continued). 


Aneroid 


Height  above 
■eft-level. 


Dry  and  Wet  1 


i  (bet. 


Dty. 


Wet.  DM. 


(1) 


(2) 
(3) 
(4) 

(6) 


i?i 


(8) 


h     m 
••3 

8*3 
8  a4 

825 
8  26 

817 
28 

29 

30 

3« 
31 

33 
34 
35 
36 

37 
3« 


8  39 

8  40 
840 
841 
841 

f  41 
8  43 

2  43 

8  44 

46 

47 

48 

48 

49 

So 

Si 

5* 

8  S3 

8  54 

8  55 

8  56 

8  57 
8  58 
8  59 
o 


30  p.m. 

45  » 

o  „ 

o  .» 

o  „ 

o  „ 

0  » 

o  „ 

o  ,, 

o  „ 

o  ,, 

o  „ 

o  „ 

O  „ 

©  ,, 

o  ,, 

o  „ 

o  „ 

o  „ 

30  „ 

o  „ 

30  ,. 

o  » 

o  „ 

30  •> 

o  „ 

o  „ 

30  „ 

o  „ 

o  „ 

30  „ 

o  f, 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  „ 

o  » 

o  „ 

o  „ 

o  „ 

o  ,, 

o  „ 

o  » 


in. 
H'«4 

2388 
2386 
2386 
2388 
2378 
13-84 

1388 
24*06 
2419 
*4*38 
1451 
2486 
25*11 
1546 
2578 
26*01 
2616 
26*21 
2641 
2644 
1648 
26*76 
2681 
2683 
1698 
2738 

277* 
28-01 
2808 
1844 
28  68 
18*91 
1901 
19*08 
19*16 
19*16 
1916 
19*16 
19*16 
19*16 
19*16 
19*16 
19*18 
19*10 
19*10 
19*01 
19*16 
28*91 
29-16 
29*26 
2931 
*9S5 


feet. 

f.89* 
6,005 
6,073 
6,096 
6,096 
6,073 
6,186 
6,118 
6,073 

5,873 
5.733 
5.5*8 
5.388 
5,010 
4,740 
4,36* 
4,036 
3,8oi 
3,«46 
3,595 
3,39« 
3.361 
3,3*» 
3.041 
2,991 

*»97« 
1,813 

*,4*7 
2,104 
1,810 
i,74J 

1,186 
967 
871 
801 

711 
721 
721 

7** 
721 
711 
712 
712 
608 
684 

779 
865 
72* 

961 
722 

V 

ground. 


35* 
355 
36*0 
36*0 
36-2 

356 
359 

36*0 
356 
357 
365 
368 
36* 
37'* 
37* 

387 
39*0 

39*3 
40*0 
407 
410 
410 
43-J 

43-6 
44'o 
44*5 
450 
465 
47*0 
481 
493 
5*5 
53*o 

S31* 
537 
537 
537 
537 
537 
539 
540 

53*8 
535 

537 
54-0 

53» 

540 
53*8 
53*0 

5*7 
50*1 


34'6 
34'5 
343 
34"* 
34« 
33"9 
33-9 
33'8 
33'5 
335 
34* 
343 
34*4 
351 
35-8 

3*i 
in 

V'l 
37*8 

378 

379 
380 

405 
40"5 
40-5 
407 
410 
411 
411 
430 

45' 

47-8 
47'4 
47*4 
48* 

49*9 
49*9 
499 
49*9 
497 

49'3 
49-0 

47'5 
462 
45*o 
455 
454 
454 
453 
45* 


©-S 
0-9 
'•5 
17 
•*o 
r* 
17 
2*0 

21 

tri 

»"2 

*'3 

*'5 

*'4 

*'l 

«'4 

o*6 

*-9 

2*1 
*•* 

••* 

3'* 

3* 
3o 
3** 

3i 
3#3 
35 
3*8 
4-4 
4* 

4** 

47 
$6 

r* 

38 

3* 

3"8 

38 
4** 

47 
4* 

7* 
8-8 

8-3 

8'4 

r6 
r* 
r* 


1.  2.  a. 

fl}  Moon  just  peeped  out  of  cloud. 

(8)  Compelled  to  one  the  lamp. 

(5)  Extwwrdinary  wooded  country, 
land  before  us.  (7)  Sand  thrown  out. 

Farm,  5  miles  south  of  Pulborough. 


PI 

3*3 
3'7 
3"** 
30*1 

3**3 

J°7 

3«*5 
30^ 

JOI 

& 

ji-o 
3*** 

3. 

34*4 

34^ 
34*1 
34° 
34** 

ifrt 

ir«  ' 
$*$ 

v« 

41* 

4»* 

4** 
*i 
46s 
4*-, 

4S5 

447! 
445 

4H 

3<4    I 


"E e.        T~ 

(2)  Can  hear  a  tetin  to  the  left. 

(4)  Near  Fetaorth, 

(6)  Began  to  pink  up,  being  near  the  ** ;  bd 

(8)  Came  to  the  ground  at  Mr.  TV***/! 


ON  THREE  BALLOON  ASCENTS  IN  1865  AND  1866. 


888 


Adopted  Texfxbatubbs  of  thb  Air,  the  Wet-bulb,  and  the  Hew- 
ponrr  nr  Three  Balioojt  Abcents. 


Tablb  II.  a. — Showing  the  adopted  Beading  of  the  Barometer,  calculated 
Height  above  the  Sea,  Temperature  of  the  Air,  Temperature  of  the  Wet- 
bulb  Thermometer,  and  Temperature  of  the  Dew-point,  in  the 


TWJLNTX- 

ariTH 

Aicmrr,— October  2, 1865. 

me  of 
terra* 
ba. 

Oft!** 

Besom, 
reduced 

toas°r. 

Hdght 
■bored-* 
krelof 
theaea. 

Temp, 
of  the 
Air. 

Temp, 
of  the 
Wet- 
bulb. 

Temp, 
of  the 
Dew- 
point. 

Time  of 
observa- 
tion. 

*Mf. 

Beading 
of  the 
Barom. 
reduced 
to«a°F. 

Height 
above  the 
krelof 

Terns, 
of  the 
Air. 

Temp, 
of  the 
Wet- 
bnib. 

Temp, 
of  the 

point. 

*     • 

m. 

feet. 

0 

lj-4 

e 

h  m 

a 

in. 

feet. 

0 

0  . 

*S 

<>n  o 

30*00 

«•••■• 

61-2 

55*9 

7    4 

0 

28-84 

1115 

SV 

57*6 

31  o 

30*01 

SIS 

564 

53*5 

5 

0 

2883 

1124 

587 

57'6 

5«5 

4S   o 

30*01 

57° 

554 

7 

0 

2884 

U15 

586 

57*6 

567 

5S    o 

30*01 

57'« 

$59 

54* 

9 

0 

28*84 

1115 

58*6 

574 

5«'3 

i  IS    o 

30*01 

57*0 

11 

O 

2904 

9*5 

58*6 

57'4 

S«3 

16    o 

30*0! 

? 

57-0 

12 

O 

28-99 

970 

587 

17    o 

30*01 

56-5 

\i 

0 

2904 

9*5 

»35 

58'ft 

568 

555 

so    o 

560 

550 

540 

0 

19*14 

57* 

55*8 

54"5 

as    o 

15    o 

•JOO 

»|*o9 
a8-8i 

107 
967 

5-5+ 
57+ 

*7 
18 

0 

O 

2919 
*9'34 

790 
*55 

573 
57*5 

5t'8 
56*1 

J4'3 
55° 

16  30 

1266 

58-2 

»9 

0 

2904 

025 
880 

58*1 

55« 

53* 

18    0 

ag-68 

587 

57* 

56*2 

21 

O 

2909 

588 

560 
$6-I 

55* 

19    0 

2864 

1302 

5!*9 

575 

22 

O 

*9*4 
2916 

I45 
817 

58*2 

55  5 

30    0 

**94 

1011 

585 

*4 

0 

ji    0 

28-94 

ion 

581 

565 

55*0 

27 

O 

2916 

817 

5!' 

56-5 

547 

32    0 

580 

565 

55* 

30 

0 

29*16 

817 

*!*5 

570 

5S* 

53    0 

*9*4 
28-99 

7*7 

571 

570 

563 

3* 

0 

2934 

637 

580 

567 

5I'I 

3j    0 

967 

57« 

570 

56-3 

35 

O 

*9*44 

537 

57* 

561 

54-8 

36    0 

18*69 

"55 

582 

57* 

563 

37 

O 

2924 

737 

580 

5*3 

JS* 

37    0 

2862 

1323 

57*8 

57* 

5f7 

39 

O 

29*03 

947 

58*6 

3*    0 

1864 

I3<>4 

58*0 

57* 

5!'l 

3 

O 

*9*5I 

Vi 

57'* 

56* 

55*3 

40    0 

18-61 

1322 

580 

57*3 

566 

0 

»9#44 

618 

57* 

55'2 

5*9 

4*    0 

18-53 

1409 

580 

57*3 

56*6 

4« 

O 

2939 

663 

580 

55-8 

547 

4»    0 

28-56 

1380 

57*8 

57-2 

567 

50 

O 

29*16 

802 

580 

559 

549 

43    0 

2854 

1399 
1380 

58I 

575 

569 

5* 

O 

29*06 
2894 

898 

58-7 

45    0 

•8-56 

58-2 

575 

5-5*9 

n 

O 

1029 

584 

56-0 

$3-8 

46    0 

1861 

1331 

58*2 

57*3 

54'6 

0 

2894 

1029 

a 

A*  30 

1864 

1302 

58-2 

8    0 

0 

2924 

7r 

1ji 

S4« 

l»'5 

50    0 

28*69 

1254 

580 

57*4 

569 

2 

0 

*9'44 
29-36 

570 

52    0 

18*64 

1302 

580 

57'4 

569 

4 

0 

57'* 

55*5 

54o 

53    © 

28-64 

1302 

58*0 

575 

57*0 

10 

O 

2914 

846 

577 

54    0 

18*38 

1552 
1785 

58-9 

57*9 

57*0 

12 

0 

2936 

637 

569 

54*5 

5**3 

55    0 

28-14 

590 

582 

57'I 
57*8 

»5 

O 

29*09 

890 

57** 

55o 

53*° 

56    0 

27-97 

28 

596 

586 

16 

0  29*24 

756 

57*5 

54*9 

5%'t 

54'8 

58    c 

2845 

590 

581 

57*3 

18 

0 

29*61 

403 

57*3 

56*0 

7    0    0 

28-76 

1191 
1286 

%l 

58*1 

57i 

20 

O 

ground. 

56*0 

55* 

55** 

1      G 

28*66 

57* 

55*8 

884 


msro»T — 1866. 


TwJtSTI-SSTXSXH 

Asckr.— Beccnbcr  2>  1865. 

tkm. 

:        t 

Bright      TMm    T«ay. 
kvdof      "V**     Wet- 

•ft-* 

oftk* 

Dew- 

2mf  J**** 

dkwrtk* 

—         >Ta-»;«*fl 

*r  .*■"«*-  Hi 

r.K. 

toirr. 

tkttM.    '    •**"• 

ktA. 

**** 

r.«. 

t»S*>F- 

*""■* 

Ad 

i-k.,j 

k      M      > 

is. 

fat*        1     • 

,io 

a 

k    m 

•    km. 

tec 

e 

.    i  .  1 

500 

**'£ 

\                 / 

38*8 

3r° 

5  59 

0.26*98 

*5*9 

:  32-7    32  5    jnl 

8    0 

19-68 

Is 

390 

jSi 

36-9  i 

6    0 

0  27-03 

*54* 

,  3*7      3*5      "**1 

9    0 

29*68 

39*0 

j«o 

3**7 

1 

0.27*08 

2492 

•33-0 

33*0   rsm 

11    0 

29*68  , 

if 

39*o 
3*5 

jfo 

36-7  , 

2 

0  26r83 

2736 

33*o 

33*0  isr| 

14    0 

2968 

3*° 

3r4 

3 

O  26*65 

2909 

33*o 

33*0  !  irf 

15  0 

16  0 

29*69 

J                        \ 

3*1 

jg-o 

37* 

4 

©26-63 

2929 

33*<» 

3**    *| 

29*38 
2823 

320         |    36*6 

36^ 

35*7  ; 

5 

0' 26-6l 

*9*9 

33*» 

3**9    *f 

17    0 

I4IO         '    36'2 

}6*o 

357 

6 

0**58 

2978 

33*° 

3*7     34 

IS    0 

2**15 

1485          '36* 

j6-o 

35*7   : 

6 

30  26r5J 

3032 

331  ;  32*6    311 

19    0 

28*13 

I5O4         .&* 

jfra 

36^ 

7 

0  26-53 

3032 

33*3  i  3**9.  ,  J* 

20    0 

28*13 

I5OA         |36'2 

1598    ;36*3 

36-O 

357 

8 

026-63 

*934 

33*3 

SI     0 

28-03 

361 

36*0 

8 

j<V  26r38 

,     3"79 

34*0    3'7   *n 

22    0 

2IJ3 

1316    •  36-3 

3«* 

36-0 

9 

0**33 

3228 

324 

32-0   ,)TJ 

14    0 

2*38 

1269    ;  36*2 

3$« 

35*3 

10 

O.  26-33 

3*** 

32-0 

3«7  |  J™ 

25    0 

28*38 

1269    1365 
1363    1 36*6 

12 

O 

2*43 

3129 

3*7 

3"     « 

so    0 

28*28 

3*5 

3*4 

«3 

O 

**5* 

2980 

32*8 

32*2  .jr» 

*7    © 

28*23 

1410  ;  367 

36-6 

3*5 

'4 

O 

26-61 

2950 

33*3 

33*o  .  « 1 

29    0 

2798 

i«43    j3*3 

3«o 

3*5    i 

15 

O 

26*65 

2910 

33*5     3*1     KM 

30    0 

*r93 

1692    1 36*4 

iST9 

3f* 

16 

O 

26-88 

2680 

334 

1  3*7  '  V\] 

3i    0 

27-98 

1642       37*2 

37-o 

3*7    | 

«7 

O 

*ri3 
26-68 

*443 

34*o 

3r$ 

3«%! 

32    0 

28*00 

1625 

366 

37*o 

t 

iS 

O 

2883 

328 

SI 

3«7. 

3*  + 

28-08 

«54* 

| 

22 

O 

16-08 

3477 

*9*5 

irt 

33    0 

28-01 

1615 

366 

3«« 

366    : 

*3 

O 

26*01 

1  *2* 

*9"4 

*r» 

'f*. 

34    © 

*T93 

1692 

35"Z 

3«-6 

*!:§  i 

*4 

J  25-88 

1  3M 

*9*5 

*rs 

299 

35  0 

36  0 

*7*93 

1692 

36*6 

36-6 

3«-6 ! 

*5 

3675 

29*6 

*7*4 

«01 

27-68 

1930 

363 

36-. 

360  ; 

26 

oi  25-88 

3675 

29*6 

*T5    ** 

37    0 

*7*5* 

2025 

362 

36'0 

35  7    ! 

*7 

0' 25-97 

3S*5 

300 

*9"5 

«7» 

38    0 

*rs* 

2083     |  3*° 

35* 

35*5 

28 

0)26*13 

34*5 

311 

30-0 

5 

3*  + 

27*48 

2121       36*5 

36-3 

36*0 

*9 

0)2*23 
J  26*35 

33*5 

3«"» 

30*0 

39    « 

27-83 

27-88 

1788    [37*0 

3** 

366 

30 

3206 

31*2 

30-0 

a 

40    0 

1741     37*3 

37*o 

366 

3i 

0!  26-35 

3206 

31*2 

*9"9 

41    0 

*7*93 

1692     '37*6 

37** 

3*7 

3* 

0  2613 

3426 

30*9 

29*0     2J1 

44    0 

*r93 

1692 

37*5 

37** 

368    | 

33 

0!  25-95 

3606 

29*2 

28^  \H1 

46    0 

*773 

1882 

3r* 

37* 

37*2    1 

34 

o|  *573 
0^  25*71 

3826 

*7* 

26*2  1  iff 

*7"53 
27*28 

2072 

35*0 

35* 

1 

35 

3S46 

*7*8 

26*2  ;  iff 

47    ° 

*3*3 

34* 

34*0 

337   ! 

36 

0|25*55 

4003 

*7*5 

26-2  1  207 

47  + 

27-08 

2522 

34* 

34"* 

34*    I 

3* 

0  25-43 

4126 

*r2 

26-5  !  *r4 

4*    0 

26*98 

2601 

340 

34*0 

340 

39 

0 

25-15 

4406 

*r2 

26*2   217 

49    © 

26-98 

2601 

34*° 

34*o 

340  ! 

39 

30 

*4"93 

462S 

27-2 

26*2  |  217 

50    0 

27-13 

*457 

34* 

34"* 

34'*    1 

40 

0 

25*13 

44** 

27*2 

26*0  1 107 

50  30 

*7'44 

2157 

34* 

34* 

34*    ! 

4» 

0 

25*28 

4*7* 

*77 

2-r*  ;  *f3 

51    0 

27*51 

2088 

350 

349 

34*    1 

4* 

0 

25-8S 

3^7* 

299 

2T5  '  24« 

5*    0 

*7*53 

2068 

341 

340 

3*7    , 

43 

0 

26-01 

354* 

30-0 

295  .259 

53    0 

*7"53 

2068 

34* 

34* 

34*3    ' 

44 

0 

26-08 

347* 

30*5 

*9<  1*7* 

54    0 

56  30 

27-48 

2316 

34'2 

34*3 

34*o 

3 

0 

**43 

3128 

310 

3<^  1  «*» 

17*01 

2560 

328 

33*0 

0 

2693 

262S 

320 

3rs  ,3** 

5*    0 

26*98 

2589 

3*7 

326 

3*4  . 

47 

0 

2713 

242S 

32*5 

32*0  |  31* 

i 
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la*  of 

fcova- 
boa. 

Beading 
of  the 
■ami. 
reduced 
roSfP. 

Height 

above  the 

level  of 

Temp, 
of  the 
Air. 

Temp, 
of  the 
Wet- 
bolb. 

Temp, 
of  the 
Dew- 
point. 

1   Time  of 
1  obeerva- 
1      lion. 

P.M. 

Reading 
of  the 
Barom. 
reduced 
to81°F. 

Height 

above  the 

level  of 

the  Ma. 

Temp, 
of  the 
Air. 

Temp, 
of  the 
Wet. 
bulb. 

of  the 
Dew- 
point. 

m     • 

in. 

feet. 

58-0 

0 

0 

h    m 

• 

in. 

met. 

IS     o 

29SS 

ground 

550 

5*3 

7  20 

0 

2376 

6162 

30*5 

**°'5 

22*8 

21 

0 

2386 

6051 
599* 

31-0 

28*0 

19*8 

14  30 

3$ 

562 

57** 

55"i 

53** 

22 

0 

23*91 

31*5 

**7 

2i*8 

15    0 

1247 

55** 

531 

511 

*3 

0 

2398 

59** 

32*0 

29*5 

*37 

16    0 

28*46 

1340 

547 

5*5 

50-3 

*4 

0 

23*88 

6031 

318 

29* 

23*0 

17    0 

535 

51*0 

4**5 

26 

0 

24*11 

579® 

3i* 

30*0 

258 

17  30 

28*01 

178* 

5*'5 

48*1 

43*6 

*7 

0 

24*26 

5617 

32*2 

3«"5 

30*1 

iS    0 

27*86 

1929 

5*'5 

47*1 

41*6 

28 

0 

24*41 

5454 

33-0 

312 

27*6 

19    0 

27*7* 

2027 

522 

46-5 

407 

*9 

0 

2451 

535o 

33-0 

31*2 

27*6 

10    0 

2776 

2027 

528 

47"* 

415 

30 

0 

24*66 

5197 

33* 

31*0 

267 

11    0 

27*88 

1908 

522 

47"5 

4*7 

3« 

0 

2476 

5078 

34-0 

31*2 

26*2 

11  30 

2796 

1829 

53*0 

47*0 

410 

3* 

0 

2481 

5025 

34*5 

318 

*7'3 

»  45 

27*96 

1829 

5*7 

470 

412 

33 

0 

2491 

49-9 

34*5 

322 

**'3 

ss    0 

*777 

2017 

5*5 

47*3 

42*0 

34 

0 

*5*z8 

4526 

35*5 

33*i 

294 

13    0 

27*5* 

2223 

50*2 

450 

39*5 

35 

0 

*5'37 

443  * 

36*0 

34* 

3«*5 

H    0 

2731 

2469 

49*2 

44* 

40*0 

37 

0 

2558 

4209 

36*2 

347 

3*3 

3* 

0 

25*z5 

4019 
3918 

36*2 

35*o 

33*2 

17    0 

2.7*06 

2715 

48-0 

44*o 

396 

39 

0 

25*86 

3r 
38*0 

35* 

34° 

31  30 

26-81 

2961 

47*5 

44-o 

40*1 

40 

0 

20' 1 6 

3615 

3*5 

345 

32    0 

26-81 

2961 

4n 

440 

40'4 

4i 

0 

26*31 

3463 

389 

367 

33* 

33    0 

26-68 

3093 

46*8 

44"<> 

409 

4* 

0 

26*51 

3261 

39'* 

370 

34'  * 

36    0 

26-61 

3*7i 

47** 

43' « 

3*5 

43 

0 

2654 

3230 

40-5 

37*5 

337 

37    0 

26*51 

3276 

4!'a 

4*"i 

35*4 

44 

0 

27*06 

2716 

411 

37*8 

337 

39    0 

2637 

34*8 

489 

42*0 

34*5 

45 

0 

271 1 

2669 

411 

380 

34'i 

40    0 

26*31 

34*i 

47** 

4»'5 

35'* 

46 

0 

27*11 

2669 

420 

3*5 

34* 

43    0 

26*01 

3796 

47'* 

42*0 

36*2 

47 

0 

2738 

2407 

43*5 

40*0 

35* 

45    0 

2596 

3848 

46*2 

41*5 

36*1 

4* 

0 

2746 

2329 

44*o 

40*2 

357 

46    0 

25-91 

3900 

436 

40*0 

35* 

49 

0 

271l 

2742 

449 

403 

34*9 

47    0 

2578 

4036 

43*5 

393 

341 

50 

0 

27*86 

1937 

44*9 

405 

35*4 

48    0 

2556 

4**4 
4316 

43"* 

39* 

35** 

5« 

0 

2798 

1821 

450 

409 

36*2 

51     0 

2551 

435 

40*0 

35'9 

5* 

0 

2836 

1457 

46-2 

420 

37* 

5*    0 

2546 

4368 

43*3 

40*2 

3*5 

53 

0 

2843 

>393 

47*o 

42*2 

368 

53    0 

2538 

4447 

43"* 

40*1 

3*4 

54 

0 

28*46 

1365 

48-0 

4**5 

364 

54    0 

25*26 

457* 

4**5 

395 

37"° 

59 

0 

28-51 

1318 

480 

4*5 

364 

55    P 

25-16 

4575 

390 

390 

390 

59  3° 

481 

43** 

37*7 

56    0 

25**1 

4623 

39*5 

390 

3*'4 

8    0 

0 

28*81 

1031 

482 

43"* 

377 

57    0 

2536 

4467 

4°'5 

3*7 

35*3 

1 

0 

2888 

960 

4*3 

43'3 

37-8 

$8    0 

2541 

4415 

409 

38*2 

347 

3 

0 

28-91 

939 

4*3 

43*3 

37*8 

59    ° 

*5'43 

4394 

41*0 

38*1 

34*4 

4 

0: 29*01 

*47 

490 

44*5 

40*6 

7oo 

39*2 

37*5 

35*3 

5 

0  29*06 

801 

49*5 

44*5 

391 

1    0 

2491 

4934 

38*0 

3*5 

34*5 

6 

0 

29*21 

663 

51a 

46*0 

40*6 

s    0 

2477 

5078 

37** 

361 

34* 

7 

0 

29*22 

«54 

51* 

46*0 

40*6 

J    0 

2467 

5182 

37*2 

35*o 

322 

8 

0 

29*22 

654 

51* 

46*0 

40-6 

4    024-41 

54$9 

35© 

34*5 

337 

9 

0 

2941 

479 

54*o 

47'* 

4«7 

6    0fi4-4O 

5480 

34*5 

340 

33* 

10 

0 

2874 

IIIO 

520 

4*5 

40-9 

7    024*16 
I    0  24-16 

5739 

35'o 

34'5 

337 

11 

0 

28*46 

1379 

510 

462 

4i  •* 

5739 

35* 

34-1 

3*'4 

12 

0 

2826 

1571 

50*5 

45*5 

402 

9    4*4-14 

5760 

35*0 

34-i 

3*7 

'3 

0 

2788 

1958 

49'1 

44** 

3*7 

10    0  24-14 

5760 

35* 

33*6 

31*2 

14 

0 

2746 

2362 

4** 

437 

3*8 

11    0]  24-21 

5^73 

357 

337 

307 

-5 

0 

27*01 

*795 

470 

43-0 

3*5 

is    0  24*36 

54*9 
577* 

36*0 

33*5 

298 

\i 

3° 

2666 

3152 

44'* 

418 

39-0 

14    oj  24*11 

31* 

30*0 

258 

0 

26*28 

354o 

43*5 

408 

37*6 

15    0!  24*06 

5*3* 

310 

30*0 

»73 

16 

30 

2606 

3761 

42*2 

40*5 

3**4 

16    o'  23*91 

88 

3©'5 

29*1 

251 

"7 

0 

25*87 

395* 

410 

409 

408 

17  0-2376 

*9*5 

28*0 

23*0 

'7 

30 

2564 

4197 
43** 

39* 

38*2 

3*1 

18   0  2361 

6325 

*9*5 

28*0 

23*0 

i7 

45 

*545 

V1 

3*9 

38*0 

366 

19   023-66 

6271 

30*0 

283 

23*0 

18 

0 

*5*7 

4579 

3** 

37*3 

186 

6. 

2c 
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-EIGHTH  ASCKNT. 
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continued). 

Time  of 
observa- 
tion. 

P.M. 

ReMliog 
of  the 
Benin, 
reduced 
U>33°F. 

Height 

above  the 

level  of 

the  mm. 

Temp, 
of  the 
Air. 

Temp, 
of  the 
Wet- 
bulb. 

Temp, 
of  the 
Dew- 
point. 

Time  of 
dboenrap 

turn. 

r.M. 

Reading 
of  the 
Buom. 
reduced 
to*B°F. 

Height 

above  the 

level  of 

the  twe. 

Temp, 
of  the 
Air. 

1        j 

Tesjp.    Ten; 
of  the     ofthe 
Wet-       Dec- 
both.   1  point 

h  m     • 

in. 

feet* 

389 

0 

,|-o 

h  m     • 

in. 

feet. 

e 

0 

• 

8  18  15 

25-08 

4778 

38'5 

8  39    ° 

26-01 

3801 

39O 

37* 

34* 

18  30 

24-88 

499° 

389 

3!*5 

38-0 

40    0 

26-16 

3646 

393 

37* 

34*4 

18  45 

*474 

5H3 

389 

3!'5 

380 

40  30 

26*21 

3595 

40*0 

37*8      H9 

19     0 

2456 

5339 

389 

385 

380 

41     0 

26*41 

3391 

407 

37*8   |  341 

19  15 

24-38 

5533 

3«'5 

384 

3*"3 

4«  30 

2644 

3361 

4ro 

37*9    ,  34c 

19  30 

24*28 

5642 

38*0 

38-3 

38-0 

42    0 

2648 

3321 

410 

38*0     i|fJ 

'9  45 

23-96 

5979 

345 

34** 

337 

43    0 

26-76 

3°4* 

43'5 

40*5  ;ir° 

20    0 

23*76 

6197 

33*5 

33*3 

330 

43  3o 

26-81 

*99« 

437 

40*5    £ 

20  15 

23*66 

6317 

336 

334 

33-* 

44    0 

26*83 

2971 
2823 

43*6 

40*5    56 1 

20  30 

2364 

6341 

340 

340 

34'o 

45    ° 

26*98 

44*o 

407      a6'* 

2045 

23-64 

6341 

345 

34*5 

34*5 

46    0 

27-38 

*4*7 

44*5 

41*0     569 

at    0 

2364 

6341 

34-« 

34*5 

34*4 

46  30 

2771 

2104 

45-0 

41-2   j  j6'6  j 

21  15 

23*61 

6377 

350 

34*9 

34*8 

47    0 

28-OI 

1810 

465 

42*1  1  -r*  , 

21  30 

23-58 

6413 

35'' 

34*9 

34*6 

48    0 

28-08 

»743 

47*o 

43-0  t  *5 

21  45 

2363 

!35S 

35* 

35o 

345 

48  30 

28-44 

1186 

48* 

22  15 

*377 

6198 

35*9 

35*3 

34*4 

49    0 

2868 

493 

45*»   ,4°* 

22  30 

2378 

6186 

35*9 

35-3 

34*4 

50    0 

2891 

967 
87* 

5**5 

47'8     4V°  . 

22  45 

23*91 

6039 

359 

35*3 

344 

51     0 

29*01 

53*° 

47*4  '4,4i 

23    0 

2396 

5982 

35*9 

35*3 

34*4 

52    0 

29*08 

802 

53* 

4r4   '  4*  > 

*3  15 

2404 

5892 

35*5 

35-* 

347 

53    ° 

29*16 

722 

537 

4***   J  4*'* 

23  30 

2404 

5892 

35-0 

34*2 

3*9 

54    0 

29-16 

722 

537 

499 

46» 

*3  45 

*3*94 
2388 

6005 

35*5 

34*6 

33* 

55    0 

29*16 

722 

537 

49"9 

461 

24    0 

6073 
6096 

36*0 

34*5 

3*3 

56    0 

29*16 

722 

537 

49*9 

46: 

25    0 

2386 

36*0 

34'3 

3»7 

57    0 

29*16 

722 

537 

49*9 

461 

26    0 

23*86 

6096 

362 

34*2 

312 

58    0 

29*16 

722 

53*9 

49*7 

455. 

27  0 

28  0 

2388 

6073 
6186 

35? 

34-1 

301 

59    0 

29*16 

722 

540 

2378 

356 

33*9 

3"*3 

900 

29*16 

722 

54"2 

49*3     «*? 

29    0 

23-84 

6u8 

359 

33*9 
33*8 

30-9 

1     0 

2928 

608 

53*8 

49*o     *'* 

30    0 

2388 

6073 

36*0 

305 

2    0 

29*20 

684 

53*5 

31    0 

24*06 

5873 

35-6 

33*5 

30-2 

3    0 

29*10 

779 

537 

47*5     4JV 

32    0 

24-19 

5733 

357 

33*5 

301 

4    0 

29*01 

865 

54*o 

46*2  1  5«*  , 

33    0 

24-38 

5528 

365 
368 

34* 

300 
30-8 

10    0 

29*16 

722 

53*8 

45*0  j  3*4  ■ 

34    © 

2451 

5388 

34*3 

12    0 

28-91 

961 

54-0 

45*5     371 

35    0 

2486 

5010 

36*8 

34*4 

310 

13    0 

29*16 

7*4 

53*8 

45*4  ;  37J 

36    0 

25-11 

4740 

37-2 

35"I 

32-2 

14    0 

29*26 

631 

53-0 

45*4  1  37* 

37    0 

2546 

4362 

37*2 

35*8 

339 

15    0 

2931 

585j 

5**7 

45*3     379 

38    0 

2578 

4036 

3«7 

381 

37*3 

25    0 

*9*55 

ground 

50-2 

45*0     39*5 

The  readings  of  fa 

smperature 

in  the 

preceding  Tabl 

ee  were 

formed  in  small 

groups,  including  ol 

nervations  1 

rhich  1 

lad  been  taken 

in  quic 

i  suooeeston,  or 

at  about  the  same  d 

Lstanoe  fron 

1  the  c 

>arth,  or  when 

the  ball 

oon  had  passed 

upwards  and  down* 

rarda  throug 

lithe 

same  space  wit 

thin  afe 

w  minutes ;  as, 

for  example,  on  Ma] 

j  29,  betwe< 

3n6M 

7-  and  6h  22- 

h   m    ■ 

I 

retght 

feet. 

1782 

"Temper* 

tote. 

I/ew-poini. 

at  6  17  30 

62*5 

4§-0 

at  6  18    0 

1929 

52-5 

41-6 

at  6  19    0 

2027 

52-2 

40-7 

at  6  20    0 

2027 

62-8 

41-5 

at  6  21     0 

1908 

62-2 

42-7 

at  6  21  30 

1829 

53-0 

410 

at  6  21  45 

1829 

52-7 

41-2 

at  6  22    0 

2017 

52*5 

42-0 

Meai 

1. . . . 

1917 

526 

4 
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These  mean  values  at  the  mean  height  were  laid  down  on  a  diagram ;  all  these 
points  were  joined,  and  a  curved  line  was  drawn  through,  or  near  them,  so 
that  the  areas  of  the  space  between  the  original  and  the  adopted  lines  on  one 
side  were  equal  to  those  of  the  spaces  on  the  other  side.  The  curve  thus 
formed  was  assumed  to  be  the  curve  of  temperature  freed  from  local 
disturbance,  and  that  it  was  assumed  that  the  deviations  of  the  original  curve 
indicated  the  places  and  the  amount  of  disturbance. 

The  next  step  was  reading  from  these  curves  the  temperature  at  ever/ 
100  feet,  and  in  this  way  the  next  Tables  were  formed. 

The  numbers  in  the  first  column  show  the  height  in  feet,  beginning  from 
the  ground  and  increasing  upwards ;  the  numbers  in  the  second  column  show 
the  interval  of  time  in  ascending  to  the  highest  point ;  the  notes  in  the  third 
column  show  the  circumstances  of  the  observations ;  the  numbers  in  the  fourth 
snd  fifth  columns,  the  observations  and  the  approximate  true  temperatures  of 
the  air,  and  those  in  the  next  column  the  difference  between  the  two 
preceding  columns,  or  the  most  probable  effect  of  local  disturbing  causes. 

The  next  group  of  columns  are  arranged  similarly  for  the  descent,  and  the 
other  groups,  on  May  29,  for  the  second  ascent  and  second  descent. 

Table  III. — Showing  the  Temperature  of  the  Air,  as  read  off  the  curve 
drawn  through  the  observed  temperatures,  and  as  read  off  the  curve  of 
most  probable  normal  temperatures,  called  adopted  temperatures,  and  the 
calculated  amount  of  disturbance  from  the  assumed  law  of  decrease  of 
temperature. 

Twenty-sixth  Ascent. 


Temperature  of  the  Air. 

1865. 

Ascending. 

Descending. 

October  and. 

Height,  in  feet, 
above  the  mean 
level  of  the  sea. 

Between 
what 
times. 

Circum- 
st  races. 

Ob- 
temp. 

Adopted 
temp. 

Calcu- 
lated 
effect  of 
distant** 
ance. 

Between 
what 
times. 

Circum- 
stances. 

Ob- 
served 
temp. 

Adopted 
temp. 

Calcu- 
lated 
effect  of 
disturb- 
ance. 

0 

0 

0 

0 

0  _ 

0 

lOOO 

598 

59-8 

o*o 

59* 

598 

0*0 

1900 

594 

59*5 

—    O'l 

59-6 

596 

O'O 

1800 

59"« 

59*3 

—  o*a 

594 

59*5 

—    O'l 

|         1700 

59° 

59i 

—    O'l 

59*3 

594 

—    O'l 

1600 

0 

s!f 

589 

o'o 

r 

59* 

593 

—    O'l 

1500 

586 

5*7 

—    O'l 

59-0 

59-2 

-  o'a 

1400 

581 

5»'5 

-  04 

B 

590 

59-0 

O'O 

1300 

1 

5!'a 

5*3 

—  o*i 

V 

58*9 

589 

O'O 

IlOO 

40 

58-3 

58i 

+  o'a 

vn 

0 

MM, 

and  Terr 

dark. 

588 

587 

+  01 

IIOO 

IOOO 

s 
a 

►» 

5*3 
58a 

5*«o 
577 

+  0*3 

4-  o*5 

587 

586 
585 

+  01 

O'O 

£ 

rt 

1 

577 
574 

57*5 
57'4 

+  0* 

O'O 

8 

5**2 

57*8 

5I'3 

O'O 

+  04 

i     7«> 

so 

57'* 

57'* 

O'O 

% 

577 

58-0 

+  o-3 

600 

1 

57"o 

57-0 

O'O 

57*4 

57-8 

+  o-4 

500 

56-8 

56-8 

O'O 

1 

57*3 

575 

+  o-a 

i      400 

567 

5*7 

O'O 

57'3 

573 

O'O 

1     300 

56-5 

5*5 

O'O 

57-0 

570 

O'O 

1             ftOO 

5^3 

56-3 

O'O 

567 

567 

O'O 

100 

56-1 

561 

0*0 

564 

564 

O'O 

1     • . 

56-0 

55*8 

4-  o«a 

56*0 

56*0 

O'O 

The  temperature  of  the  air  was  the  lowest  on  the  ground,  and  increased, 
with  elevation,  to  the  height  of  2000  feet,  the  highest  point  attained ;  and  on 
the  descent  it  decreased  with  decrease  of  elevation,  and  was  the  lowest  on 
reft/thine  tha  around- 
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Table  HE.  {continued). 

TWENTr-8E  V  KN  TH  AsCENT. 


1865. 

December  2. 

Temperature 

of  the  Air. 

1 

Ascending. 

Defending.                        | 

Height,  in  feet, 

Galea- 

|  Caka-I 

above  the  mean 
level  of  the  sea. 

Between 
what 

Cireun* 

Ob- 
served 

Adopted 

lated 
effect  of 

Between 
what 

Circnm- 

Ob- 

*&*£?< 

timet. 

stances. 

temp. 

temp. 

disturb- 
ance. 

times. 

stances. 

temp. 

***•  jdisnaV 

1  "*•  1 

0 

0 

0 

0 

1          1 

0                   e    | 

4600 

27*2 

272 

O'O 

27*2 

27^2 

1 

4500 

27-2 

27-2 

O'O 

*7? 

*7'4 

— oV, 

4400 

27'2 

27*2 

00 

27*6 

*7'5 

— 0*i 

4300 

27*2 

27*2 

O'O 

cloudy 

27-7      -01 

4200 

27'2 

27-2 

O'O 

27*9 

X7'9   1     o'o 

4100 

27'3 

273 

O'O 

above. 

28-2 

2S-2          O'O 

4000 

27'5 

27-5 

O'O 

284 

28*5      -0*1 

3900 

*77 

278 

—  O'l 

28*6 

**7 

—O'l 

3800 

283 

28-4 

— O'l 

28-8 

29-0 

-O'l, 

3700 

.29-0 

29*0 

O'O 

29-3 

293 

o*c; 

3600 

Gold  to 

29*6 

29*6 

O'O 

297 

*97 

co! 

3500 

30*0 

30*2 

—  0'2 

30-5 

30V 

+«y 

3400 

30*8 

30*8 

O'O 

30*6 

30-3 

-ho-3; 

3300 

3»#4 

316 

—  0"2 

307 

3o*5 

+oV 

3200 

, 

32-3 

3*'» 

+o-i 

309 

30*9           O'O  i 

3100 

s 

33* 

326 

+o-6 

a? 

312 

31-2    J       O'O, 

3000 

d, 

3r» 

3*8 

+0-3 

§ 

3 '2 
31* 

3*"4 

0*0, 

1900 
2800 

33-0 

33*0 

O'O 

p 

31-6 

0*01 

330 

33-* 

— 0'2 

3.8 

318 

oV 

2700 

33'5 

33*4 

+o-i 

320 

320 

O'Of 

2600 

-fc 

340 

33-5 
33-8 

+0-5 

3*3 

3M 

O'O' 

Clouds 

2500 

$ 

below. 

335 

-0-3 

% 

3*4 

32-6 

— «lj 

2400 
2300 

i 

34-0 
346 

34« 
345 

—  O'l 

+o-i 

extin- 
guished. 

1 

2200 

g 

35*5 

35o 

+05 

s 

2100 

M 

35-6 
35* 

35-5 
36*0 

+0'I 

2000 

J» 

cloudy; 

-04 

M 

looo 
:  1800 

«*> 

37-0 

36-9 

+01 

% 

^ 

nothing 

37-2 

37-* 

O'O 

*P 

I700 

£ 

Tisible. 

36-9 

360 

O'O 

P 

•  i£oo 

365 
36*2 

36-6 
364 

—0*1 

1500 

—  0*2 

1 

•  1400 

361 

36*2 

—  O'l 

t 

1300 

36*2 

36*2 

o*o 

1 

I20O 

36-2 

36*2 

•O'O 

1 1  GO 

36*2 

36*2 

O'O 

IOOO 

36-3 

36*3 

O'O 

.990 
.   890 

363 
364 

36"3 
36-4 

O'O 
O'O 

•    7OO 

36-4 

36-4 

O'O 

690 

365 

36-5 

O'O 

-590 

36-5 

365 

O'O 

4OO 

3<»        . 

365 
366 

365 
3*6 

O'O 
O'O 

Misty  sll 
round. 

20O 

37-1 

3Ti 

O'O 

IOO 

37* 

376 

O'O 

'o 

3*5 

38-5 

O'O 

The  temperature  decreased  from  38°*5  on  the  ground  to  36°-6  at  the  height 
of  300  feet ;  was  then  very  nearly  stationary  to  the  height  of  1600  feet,  de- 
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creasing  to  36°*1  at  this  elevation ;  it  then  increased  to  37°*2  at  the  height  of 
1800  feet,  the  sky  being  cloudy  as  seen  from  here,  and  the  air  was  misty.  In 
the  next  100  feet  the  temperature  declined  0°*2,  and  as  much  as  1°"4  in  the 
succeeding  1 00  feet ;  the  temperature  then  declined  slowly  to  34°  at  2600  feet, 
the  clouds  being  at  a  lower  elevation :  the  decline  of  temperature  continued 
to  the  height  of  4000  feet,  where  it  was  27£°,  and  there  was  Tory  little  change 
in  the  next  600  feet.  On  descending,  the  temperature  slowly  and  steadily 
increased  to  32°- 4  at  the  height  of  2500  feet,  when  the  light  was  accidentally 
extinguished,  and  no  more  observations  could  be  made. 


Table  III.  (continvsd)*. 

TwESTT- EIGHTH  ASCEJJT. 


i*66 

Temperature  of  the  Air. 

Amending* 

Deecendiot;. 

May  29. 

Height*  in  fetf, 

Calcu- 

Cbku- 

i'KJT*  the  inc*a 
fatct  of  the  n 

jfetwven 
whet 
timet. 

Clrcum- 

Ob- 

■erred 
temp. 

Adopted 
temp. 

lated 
effect  of 
diiturb- 

eaee. 

i  Between 
tthftl 
times. 

CireoM- 
■tincce. 

Ob- 
served 

temp. 

Adopted 
temp* 

effect  of 

ditturb- 

fcnee. 

0 

9 

a 

9 

0 

D 

640a 

6300 

6200 

29-8 

29| 

O-O 

3°1 

30 -G 

+  OI 

6100 

30*2 

30*6 

-©•4 

3O8 

l&S 

+0*3 

6000 

305 

3i  + 

-09 

314 

30-8 

+06 

J?00 

5800 

30-8 
3''4 

3*'3 
33-0 

-j-6 

3i'6 

31S 

311 
3  I'D 

+0-3 

+o'a 

5700 

35* 

34-0 

iri, 

31*0 

320 

O'O 

5600 

35-2 

34*5 

t°7 

3*"4 

3*4 

O'O 

5500 

35 '! 

Tyo 

+  02 

3»'6 

3  2"  6 

O'O 

5400 

i 

356 

35* 

O'O 

^ 

33*0 

33'° 

O'O 

5300 

36"3 

36' 3 

00 

5 

334 

334 

O'O 

5*oo 

| 

369 

36-9 

O'O 

^1 

Q 

337 

337 

O'O 

5100 

*rs 

37'* 

—  o'l 

w 

a 

34-o 

34*0 

oJo 

5000 

M 

3**0 ' 

381 

—  O'l 

« 

■ 

♦0 

2 

343 

34*3 

CO 

4900 

$ 

3*  s 

3S7 

—  0'2 

fe 

34-6 

34* 

O'O 

4800 

i 

i 

39'° 

393 

_o*3 

P 

M 

34'9 

34*9 

00 

4700 

39S 

39  9 

-04 

t 

M 

r 

35* 

352 

O'O 

4600 

40-2 

40*6 

-0-4 

35-5 

35'5 

O'O 

4500 

* 

4ri 

41 -z 

O'O 

3- 

357 

357 

O'O 

4400 

j 

Ifletfp 

410 

41  s 

+0*2 

I 

36*0 

3*'° 

0-0 

4300 

^ 

42 '6 

4*'3 

+o*j 

? 

36't 

3*T4 

—  0'2 

4100 

1 

431 

43-0 

+03 

1 

363 

3*7 

-0-4 

4100 

437 

43*5 

+0-2 

36-5 

37-0 

-05 

4000 

44"S 

44+o 

+o'S 

3*7 

373 

-0*6 

3?°° 
3800 

$ 

445 

+07 

371 

377 

—  O'ft 

45o 

+  i"6 

37'4 

379 

-OJ 

3700 

46S 

456 

+  1*1 

37'8 

38*3 
386 

-o's 

3600 

47-0 

4.6-0 

+  10 

!$•* 

-0-4 

3500 

Blue  iky 
ebore* 

47^ 

4*'S 

+07 

3*5 

389 

-0*4 

34*° 

48'7 

4*9 

+  r8 

391 

3r* 

—0*2 

3300 

Sua 

4*1 

473 

+  i'o 

396 

39*5 

+0'| 

3100 

waxm  to 

47"5 

47'5 

O4o 

40-0 

399 

+o-I 

3100 

MMfc 

467 

4*0 

-1*3 

4**3 

402 

-f  O'l 

3000 

47*1 

484 

-**3 

406 

40  6 

0*0 

1900 

2800 

47'5 

4*7 

—  n 

4<>7 

407 

O'C 

477 

49"  ■ 

-1-4 

41  1 

41 -I 

O'O 

i-00 

48-0 

49* 

-16 

41-4 

4>'S 

~©'l 

800 
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Table  III.  (continued). 


Twmnr-EiaHTH  Ascent 

(continued). 

1866. 

May  29  (con.). 

Temperature  of  the  Air. 

Attending. 

Deecending. 

1 

1 

Height,  in  feet, 

^ 1 

Calcu- 

Celes- 

above  the  mean 
lerd  of  the  tea. 

Set  ween 
what 

Cirema- 

Ob- 

•erred 

Adopted 
temp. 

lated 
effect  of 

Between 
what 

Cireun- 

|    Ob- 
served- 

«  »     ■  »    lafeed 
A2*~kfcetof 

time*. 

* 

temp. 

disturb- 

times. 

iriiiMle 

temp. 

temp. 

dutnrt>- 

ance. 

ance. 

2600 

4JJS 

0 
50*0 

0 
-"•5 

• 
42*0 

0 
4*9 

0 
+01 

2500 

48-9 

50-3 

-»-4 

426 

4*5 
42* 

+0-1 

2400 

49*3 

507 

-i'4 

434 

+0*6 

2300 

497 

511 

-i-4 

44* 

433 

+0*8 

2200 

50-5 

5**5 

—  1*0 

44*3 

43'8 

+0-5 

2IOO 

a 

51*3 

51*9 

— o*6 

44*5 

443 

+0-2 

2000 

& 

52*0 

5*3 

-°*3 

taj 

44-8 

44'5 

+0-3 

1900 
1800 

a 

5*7 

5*7 

0*0 

0 

45'o 

45"° 

o-o) 

00 

53*i 

53*« 

O'O 

0 

<£) 

453 

453 

o-o' 

1700 

M 

53*5 

535 

0*0 

r 

a 

457 

457 

0*0 

1600 

a 

538 

53* 

o*o 

1 

§ 

46*2 

46*2 

0*© 1 

1500 

54'2 

54* 

543 

o*o 

g. 

466 

466 

o-o. 

1400 

s 

54« 

o-o 

»o 

«T 

47'' 

47-1 

o*ol 

1300 

e, 

55o 

55o 

o*o 

¥ 

t 

47-6 

476 

o-o  • 

1200 

0 
* 

55*3 

553 

oro 

B 

47* 

48-0 

—  0*2 

IIOO 

M 

55* 

55'2 

o-o 

*£ 

* 

481 

485 

-0-4 

IOOO 

O 

55'8 

o-o 

48'3 

490 

-07 

900 
800 

1 

56*2 

56-2 

o-o 

■ 

488 

495 

—07 

1 

564 

56'4 

0"0 

V 

495 

50*0 

-0-5 

700 

1*1 

567 

567 

O'O 

B 

507 

5o*5 

+01 

600 

57-0 

57'© 

O'O 

518 

51-0 

+0* 

500 

57*3 

57'4 

— 04I 

53* 

5r8 

+rf 

400 

57* 

57-6 

— O'l 

300 

57-8 

—  0*2 

200 

57-8 

582 

13 

too 

57*9 

58-S 

0 

58*0 

-08 

1 

6400 

35** 

35* 

o*o 

35* 

353 

1 

-01  1 

6300 

Sensibly 

damp 
and  cold. 

34*3 

35'4 

—  i*i 

Mist  over 

35* 

35*4 

— o** 

6200 

. 

34* 

355 

-**3 

M 

tbejmdj 

35*5 

355 

O'O  1 

6100 

$ 

34'* 

357 

-r6 

W 

cannot 

357 

35« 

+o-i ! 

6000 

cL 

346 

36-0 

-1-4 

| 

see  far. 

35-8 

35*8 

O'O' 

5900 

% 

354 

36-3 

-0-9 

•£ 

35*6 

36*0 

-o-4  1 

5800 

a 

362 

366 

-0-4 

|> 

35* 

361 

-05 

5700 

37o 

368 

+0'2 

*i 

3I'8 
361 

36*2 

-04 

5600 

00 

37* 

37*o 

+o-8 

0* 

3*3 

—01 

5500 

a 

35'3 

37*3 

+  ro 

9. 

363 

P* 

—  0*1 

5400 

385 
386 

377 

+o-8 

V 

3*5 

— 0*1 

5300 

37*9 

+07 

¥ 

367 

3*7 

0*0 

5200 

& 

387 

382 

+o-5 

$ 

368 

368 

0*0 1 

5100 

k 

388 

38-5 

+o*3 

**V 

36-9 

370 

-01 1 

5000 

M 

390 

38-8 

+0*2 

i> 

37*o 

37* 

—01, 

4900 

390 

39'° 

O'O 

B 

37*0 

374 

-04 ' 

4800 

§ 

390 

39*4 

-04 

V 

37o 

37*5 

Z3' 

4700 

"8 

39* 

397 

-06 

B 

37*i 

377 

4600 

39-1 

40*0 

-09 

37* 

38*0 

-08 

4500 
4400 

39* 
39* 

404 
407 

-1-2! 

-.■5| 

374 
37* 

38-4 

::i 
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Table  III.  (continued). 
Twenty-eighth  Ascent  (continued). 


991 


1866. 
May  29  (con.). 

Temperature  of  the  Air. 

Ascending. 

Descending. 

Height,  in  feet, 
above  the  mean 
level  of  Hie  sea. 

Calcu- 

Calcu- 

Between 
what 

Circum- 

Ob- 
served 

Adopted 

lated 
elect  of 

Between 
what 

Circum- 

Ob- 
served 

Adopted 

lated 
effect  of 

times. 

stances. 

temp. 

temp. 

disturb- 
ance. 

times. 

stances. 

temp. 

temp. 

disturb- 
ance. 

0 

0 

0 

0 

2  , 

0 

4300 

39*5 

41-0 

-l'5 

37'8 

386 

-o'8 

4200 

40*0 

412 

—  1*2 

38*2 

388 

-06 

4100 

405 

41-5 

—  I/O 

38'4 

391 

-07 

4000 

410 

418 

~o'8 

386 

39*3 

-07 

3900 
3800 

415 

42*2 

-07 

389 

395 

-06 

420 

4*'2 
428 

-0-5 

39-2 

397 

-0-5 

3700 

4*'5 

-0-3 

395 

40*0 

-°5 

3600 

42-9 

43'i 

—  0'2 

39*9 

40*2 

-03 

350° 

43"4 

43'5 

—  O'l 

40'4 

4<>'5 

— o'i 

3400 

43*8 

43-8 

0*0 

407 

407 

O'O 

3300 

443 

44'3 

O'O 

411 

41*0 

+o-i 

3200 

447 

44'5 

-f-O'2 

41*9 

41 '4 

+°'5 

3100 

45** 

447 

+0-5 

4*7 

417 

+  i-o 

3000 

45'6 

45"» 

+o-5 

43*4 

420 

+  1-4 

2900 
2800 

e 

46-0 

45'5 

+o*5 

439 

4**4 

+  r5 

463 

4I'9 
463 

+0*4 

r 

44-1 

4»7 

+  «-4 

2700 

466 

4-0-3 

443 

43* 

+  1*2 

2600 

47-0 

467 

H-o*3 

44*5 

43'l 
43*8 

+  i'o 

2500 

£ 

47*5 

47-0 

+°-5 

*& 

44'8 

-ffo 

2400 

5 

47-8 

47*4 

+04 

H 

45o 

44"» 

+o-8 

2300 

so 

481 

477 

+0*4 

*B 

45*3 

44*6 

+07 

2200 

2 

4*5 

48'2 

+0-3 

45*5 

45' 

+04 

2IOO 

B 

487 

«!"* 

+0*2 

46*0 

45*5 

+o*i 

2000 

49*1 

489 

-j-O'2 

46*0 

-l-O'O 

I900 

494 

493 

+o'i 

"% 

46-4 

464 

O'O 

1800 

497 

496 

+o'i 

i» 

468 

468 

O'O 

1700 

00 

50-0 

49*9 

+o-i 

0 

47'* 

47"* 

O'O 

1600 

g 

50-6 

5o*3 
50*6 

O'O 

*? 

4Z'5 

4Z'5 

O'O 

1500 

2 

0*0 

B 

48-0 

480 

O'O 

1400 

w 

510 

510 

o*o 

*!'* 

48-3 

O'O 

1300 

514 

51-4 

O'O 

487 

487 

O'O 

I20O 

517 

517 

o*o 

49*5 

49-0 

+o-5 

1 100 

52*0 

52*0 

O'O 

507 

495 

+  I'2 

IOOO 

523 

523 

O'O 

5i'9 

50*0 

-fi'9 

90O 

5*7 

527 

o*o 

53© 

50'5 

+vl 

800 

530 

530 

O'O 

53* 

51-0 

+  2*6 

700 

534 

534 

O'O 

53*8 

5*"4 

+*-4 

600 

535 

53*5 

O'O 

53*o 

519 

+11 

500 

540 

540 

O'O 

5*5 

400 

521 

300 

516 

20O 

511 

100 

50*6 

0 

501 

892 
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The  temperature  of  the  air  declined  from  68°0  on  the  ground  to  52° at 
2000  feet,  and  somewhat  more  rapidly  to  46°-7  at  3000  feet ;  it  increased  to 
48°*7,  or  by  2°  in  the  next  400  feet,  and  then  gradually  declined  to  29°-8  at 
the  height  of  6200  feet  On  descending,  the  temperature  increased  gradually 
to  48°-3  at  1000  feet,  and  then  much  more  rapidly  to  53°-6  at  the  height  of 
500  feet :  this  rapid  increase  was  remarkable.  On  turning  to  ascend  the  son 
having  set,  the  temperature  declined  pretty  equally  to  the  height  of  4000 
feet;  and  at  greater  heights,  with  somewhat  less  regularity,  to  34°  at  6000 
feet,  when  the  temperature  increased  to  35°*3  at  the  height  of  6400  ftet: 
this  increase  was  very  remarkable.  On  descending  again,  the  temperature 
increased  with  moderate  regularity  to  48°*7  at  the  height  of  1300  feet,  and 
then  with  much  greater  rapidity  to  53°*8  at  the  height  of  600  feet,  when 
the  increase  was  arrested,  and  the  temperature  at  lower  elevations  rapidly 
declined,  on  approaching  the  earth,  to  50°*1.  This  decline  of  temperature 
from  600  feet  is  remarkable.  By  comparing  the  readings  at  the  same  heights 
before  and  after  sunset,  it  will  be  seen  that  at  the  height  of  6000  feet,  the 
temperature  was  from  5°  to  6°  warmer  after  sunset  than  it  was  before  sunset, 
and  that  the  temperatures  on  the  ground,  and  at  1000  feet  high,  were  nearly 
the  same,  whilst  at  intermediate  heights  they  were  much  higher. 


Table  VI. — Showing  the  Decrease  of  Temperature  with  every  increase  of 
100  feet  up  to  6400  feet. 


Oct.  S,  1806. 

Dec  ft, 186ft. 

|                 May  «fc  1865. 

Height, 
in  feet, 

State  of  the  Sky. 

above  the 

Clear. 

! 

level  of 

daodj. 

Ftetiallj  dear  aad  dood/ . 

.    1 

i 

< 

! 

i 

| 

IB 

*» 

| 

From 

To 

feet. 

feet. 

0 

0 

0 

0 

0 

O 

0 

0 

6300 

6400 

... 

... 

... 

o*a 

0*1 

6200 

6300 

.. 

... 

.. 

... 

... 

... 

o*i 

O'l 

6100 

6200 

.. 

.. 

... 

0*8 

©*5 

0'2 

0*1 

6000 

6100 

.. 

... 

.. 

... 

o-8 

©3 

0'3 

o*a 

5900 

6000 

.. 

... 

.. 

... 

09 

©5 

0'3 

0*2 

5800 

5900 

.. 

.. 

... 

0-7 

03 

03 

on 

5700 

5800    , 

.. 

... 

.. 

... 

I'O 

o"4 

o*a 

O'l 

5600 

5700 

.. 

... 

.. 

... 

o*5 

©'4 

©•a 

0*1 

5500 

5600 

.. 

... 

.. 

... 

©"5 

01 

o*3 

01 

5400 

5500 

.. 

... 

.. 

... 

o*6 

©'4 

©'4 

0*1 

5300 

5400 

.. 

.. 

... 

07 

©'4 

o*a 

0*1 

5200 

5300 

.. 

.. 

o-6 

©*3 

©*3 

0*1 

5100 

5200 

.. 

... 

07 

o*3 

©3 

0-2 

5000 

5100 

.. 

... 

.. 

... 

ti 

03 

©3 

©•a 

4JDO 

4030 

4700 

5000 

... 

... 

.. 

... 

o'3 

o*a 

0*2 

4900 
4800 

... 

... 

o-6 

o-6 

©'J 
03 

©*4 

o*3 

0*1 

01 

4600 

4700 

... 

.. 

... 

07 

o'3 

©'3 

Of, 

4500 

4600 

o-o 

o-» 

0-6 

o*a 

©4 

^©* 
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Table  VI.  {continued). 


Oct.  1, 1805. 

Dee.  1, 1866. 

Mayifl 

,1806. 

State  of  the  Shy. 

Height, 
In  feet, 

above  the 

level  of 

Clear. 

Cloudy. 

Partially  dear  and  cloudy. 

these*. 

i 

M 

i 

! 

f 

I 

1 

1 

From 

To 

feet. 

feet. 

e 

O 

p 

0 

«• 

0 

e 

0 

4400 

4500 

... 

... 

O'O 

O'l 

o-6 

0*3 

°*3 

O'l 

4300 

4400 

... 

... 

O'O 

0'2 

05 

0-4 

0-3 

0*2 

4200 

4300 

... 

... 

0*0 

0*2 

07 

03 

0*2 

0'2 

4100 

4200 

... 

... 

O'l 

°'3 

°S 

o"3 

o'3 

0-3 

4000 

4100 

... 

... 

0'2 

03 

°'5 

0-3 

°'3 

0'2 

3900 
3800 

4000 

... 

a 

0*2 

05 

o*4 

04 

0*2 

3900 
3800 

... 

... 

03 

3 

0'2 

03 

0'2 

3700 

... 

... 

06 

0-3 

°*4 

0-3 

03 

3600 

3700 

... 

... 

o*6 

o-4 

0-4 

03 

0-3 

0*2 

3500 

3600 

... 

o-6 

0-3 

o'5 

03 

o'4 

0-3 

3400 

3500 

... 

... 

o-6 

o'3 

°*4 

o'4 

03 

0*2 

3300 

3400 

... 

o-8 

0«2 

04 

0*2 

°'5 

03 

3100 

3300 

... 

06 

0'4 

0'2 

©4 

0'2 

o*4 

3100 

3200 

... 

... 

°*4 

0-3 

°"5 

03 

0'2 

o'3 

3000 

3100 

... 

... 

0'2 

0'2 

o*4 

04 

04 

°'3 

2900 

3000 

... 

... 

0'2 

0'2 

0-3 

O'l 

o'4 

04 

2S00 

2900 

... 

... 

0'2 

0'2 

o*4 

o'4 

0*4 

0-3 

2700 

2800 

... 

... 

0'2 

0'2 

0-5 

0'4 

0-4 

04 

2600 

2700 

... 

... 

.    O'l 

03 

0-4 

o'4 

©•4 

o*4 

2500 

2600 

... 

... 

03 

0-3 

0-3 

0*6 

o*3 

03 

2400 

2500 

... 

... 

o-3 

... 

04 

°*3 

04 

o*4 

2300 

2400 

... 

... 

0'4 

0-4 

o'S 

03 

0-4 

2200 

2300 

... 

... 

o-5 

... 

0-4 

o*5 

o-5 

o'5 

2100 

2200 

... 

... 

©•5 

... 

o*4 

°"5 

0-3 

0-3 

2000 

2100 

... 

... 

©'5 

... 

o'4 

0-2 

o*4 

©•5 

:e 

2000 

... 

... 

09 

... 

o*4 

°S 

o*4 

o*4 

1900 

— 0'2 

—O'l 

-0-3 

... 

o#4 

0-3 

03 

o*4 

1700 

1800 

—0*2 

— o'l 

-0-3 

... 

o*4 

o*4 

03 

0-4 

1600 

1700 

— 0*2 

—O'l 

-0-3 

... 

03 

05 

o'4 

0-3 

1500 

1600 

— 0'2 

—  O'l 

— 0*2 

... 

o'5 

o*4 

©•3 

o-5 

1400 

1500 

— 0'2 

— 0'2 

— 0*2 

... 

o*3 

0-5 

o'4 

o*3 

1300 

1400 

— 0*2 

— O'l 

O'O 

... 

o'4 

0-5 

04 

°'4 

1200 

1300 

—  0*2 

—  0*2 

O'O 

... 

o'3 

0-4 

o*3 

03 

1 100 

1200 

—O'l 

—  O'l 

O'O 

... 

O'l 

o-5 

03 

o*5 

1000 

1100 

-03 

—O'l 

o*i 

... 

03 

o*5 

0-3 

o'5 

900 

1000 

— 0*2 

— Ol 

o-o 

... 

04 

OS 

o*4 

05 

too 

£ 

—O'l 

—0*I 

O'l 

... 

0'2 

o'5 

0-3 

°*5 

700 

—0*2 

—  0'2 

O'O 

... 

o*3 

o'5 

o'4 

0-4 

600 

700 

—  0*2 

—  0*2 

O'l 

... 

0-3 

°*S 

O'l 

o*5 

500 

600 

—  0*2 

-°'3 

O'O 

... 

°*4 

o*8 

0*5 

o*4 

400 

500 

—O'l 

— 0'2 

0*0 

... 

0'2 

... 

... 

o*3 

300 

♦400 

— 0'2 

-0-3 

O'l 

... 

0*2 

... 

... 

o"4 

200 

300 

—  0*2 

-0-3 

°*5 

... 

04 

... 

... 

0-5 

IOO 

200 

—  0'2 

-0-3 

°*5 

... 

o-3 

... 

... 

°'5 

0 

IOO 

-0-3 

-04 

09 

... 

°*3 

... 

... 

0-5 

The  sign  —  denotes  an  increasing  temperature  with  increase  of  elevation. 
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Table  VII. — Showing  the  Variation  of  the  Hygrometric  condition  of  the 
Air  at  every  100  feet  of  height. 

Twenty-sixth  Ascmnt. 


1865. 

Octobers. 
Height,  in  feet, 
above  the  mean 
level  of  the  sea. 

Humidity  of  the  Air. 

Ascending. 

Descending. 

what 
time*. 

Circum- 
stances. 

Tempe- 
rature of 
the  dew- 

point. 

Elastic 
force  of 
vapour. 

Degree 
of 

dity. 

Between 
whet 
times. 

Circum* 
stances. 

Tempe- 
rature of 
the  dew- 
point. 

Elastic 
force  of 

vapour. 

Degree 
of 

0 

in. 

0 

in. 

i 

1000 

58-0 

94 

1900 

577 

477 

94 

57-8 

479 

9* 

1800 

57-6 

475 

95 

576 

475 

93 

1700 

573 

•470 

95 

57*5 

473 

93 

1600 
1500 

i 

57*i 
57-0 

•467 
•465 

94 
9t 

If 

57*5 
57*4 

'473 
•47» 

94 
95 

1400 

8> 

569 

•464 

06 

B 

57"! 

•467 

94 

1300 

V* 

* 

I 

s 

56-5 

•457 

94 

V 

569 

•4*4 

94    ' 

lioo 
I IOO 
looo 

a 
* 

55*9 

55*4 
554 

•447 
439 
439 

93 
90 

9° 

0 

B 

Misty 

and  very 

dark. 

5*7 
55'5 

53* 

•461 

"44" 
-416 

*    1 
«3 

£ 

"o 

56*0 
56-1 

•449 
•451 

9* 
94 

S" 
<3 

54* 
544 

•4*7 
•4*4 

86    ' 
86    1 

700 

& 

55*» 

•446 

95 

\ 

54*3 

•41a 

86    1 

600 

555 

•44» 

94 

54'5 

4*5 

88    1 

500 

f> 

55*3 

"437 

94 

V 

550 

•433 

91 

400 

s 

550 

•433 

93 

B 

54*8 

•430 

93 

300 

547 

'428 

9* 

54*9 

•431 

93 

200 

54*5 

'4*5 

93 

55° 

433 

9J 

IOO 

S4* 

•421 

93 

55*i 

434 

94    . 

0 

540 

k4i« 

93 

55'* 

•436 

9.    ■ 

The  temperature  of  the  dew-point  increased  on  ascending  to  the  height  of 
900  feet,  then  decreased,  the  air  becoming  drier,  or  the  degree  of  humidity 
less ;  at  heights  exceeding  1200  feet,  the  degree  of  humidity  was  nearly  the 
same  as  at  heights  less  than  900  feet.  On  descending,  the  temperature  of  the 
dew-point  decreased,  and  the  air  was  driest  at  about  the  height  of  1000  feet ; 
at  heights  less  than  1000  feet  the  temperature  of  the  dew-point  increased, 
and  the  degree  of  humidity  increased  till  the  ground  was  reached. 

TwiNTT-SSTBNTH  ASCBHT. 


December  2. 

3 

? 

4600 

p« 

217 

•116 

79 

| 

21*7 

116 

79 

4500 

h 

217 

116 

79 

Os 

21*2 

114 

77 

4400 

8o 

217 

-116 

79 

tt 

21*5 

•115 

7« 

4300 

224 

•120 

81 

■1 

24-1 

IJD 

16 

4200 

3 

23-0 

123 

84 

do3y 
•hove. 

252 

•136 

u 

4100 

6 

225 

'120 

83 

24*8 

'W 

87 

4000 

P« 

ao-8 

•112 

75 

$ 

^ 

24*6 

•1» 

*♦ 

3000 
3800 

a 

ao*o 

•108 

70 

*4"3 

•«3« 

*3 

M 

ao*o 

'I08 

68 

24-1 

•130 

So 

3700 

J* 

ai*o 

•113 

7" 

% 

*47 

'»33 

81 

3600 

J 

Cold  to 

aj-o 

•123 

75 

25-5 

•138 

8s 

35°° 

* 

sense. 

*4#4 

131 

78 

b 

«7t» 

•147 

*S 
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Table  VII.  (continued.) 
Twenty-seventh  Ascent  (continued)* 


1 

Humidity 

of  the  Air. 

1    1865. 

December  1. 
,  Bbgbt,  in  feet, 
above  the  m*aa 

kfdoftaeSOa. 

Ascending. 

PctctndiogH 

Between 
what 
timea. 

Grew* 
ataness. 

Tempe- 
rstureof 
tbe  dew- 

Elastic 
force  of 

of 
1   hbmi- 

Between 

1    »fcj;it 

Tcmpe- 
■tancea.'the  dew- 

EJaatic 
force  of 

of 
huii 

point. 

vapour. 

ditT, 

tilXlC*< 

1 

1  point 

fapour. 

l!iL> 

0 

in. 

r 

1 

O 

ID. 

J400 

*5'4 

•137 

78 

*55 

U8 

79 

3300 

27-3 

'49 

*3 

cj 

27-9 

■152 

88 

3100 

19*1 

•160 

88 

4*1 

283 

155 

9" 

3100 

304 

170 

89 

m 

2S  6 

*»57 

^ 

3000 

318 

'179 

95 

Up 

29  a 

*i6o 

2900 

318 

17? 

95 

1 

294 

i6z 

9' 

1800 

31-4 

176 

94 

V 

*9"6 

'164 

9* 

1      *7©o 

3*'4 

•184 

95 

B 

30"  0 

167 

92 

j 

Clouds 
below. 

340 

•196 

100 

S 

-4 

3°' J 
307 

■169 
17* 

92 
9* 

I      2600 

Lamp 

n  tin- 
^uiahicl . 

1500 
1400 

9. 

318 
33*5 

•186 
•19a 

98 

og 

1      23<x> 

S 

33*9 

•195 

9a 

1 

i 

1     2200 

34* 

•197 

97 

1     2100 

34*5 

199 

H 

1     2000 

M 

3 

3S'i 
367 

'204 
118 

98 
99 

j      1900 

cloudy; 
nothing 

1      1800 

q 

367 

*i8 

99 

I 

In 

visible. 

364 

115 

99 

1700 

1600 

M 

36-1 

•213 

99 

1500 

•/■» 

35'8 

•no 

99 

1400 

| 

357 

109 

99 

1300 

I 

35*7 

209 

99 

1200 

357 

•209 

99 

IIOO 

357 

209 

s 

IOOO 

357 

•209 

900 

357 

'209 

,« 

800 

357 

•209 

98 

700 

357 

'209 

98 

600 

357 

209 

98 

500 

357 

•209 

98 

400 

357 
357 
363 

•209 
•209 
•214 

98 
98 
98 

300 

Misty  all 
round. 

200 

100 

37-0 

•220 

98 

0 

375 

225 

9« 

The  temperature  of  the  dew-point  on  the  ground  and  to  the  height  of 
1800  feet  was  very  little  below  that  of  the  air,  and  consequently  the  air 
w»s  nearly  saturated  with  moisture,  and  was  quite  so  at  1900  feet  high  ;  after 
this  the  temperature  of  the  dew-point  was  again  a  little  below  that  of  the 
*ir,  till  2600  feet  was  reached,  when  the  air  was  again  saturated  ;  at  heights 
exceeding  this  the  two  temperatures  separated  more  and  more,  till  at  3800 
feet  high  the  air  was  the  driest,  the  degree  of  humidity  being  68  only.  At 
heights  exceeding  3900  feet  the  air  became  somewhat  more  damp  to  4200 
feet  high,  and  then  again  somewhat  less  so  at  4600  feet. 
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•us 

W   , 
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-* 
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•116 
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~~*z 

fc 
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•131 

*    1 
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"n 

ti 

263 

•H3 

I9 
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* 
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•«53 
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-is 

li 
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152 
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at 

*77 

151 

«3 
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^U 

S; 

2r6 

151 

k  : 

cratt                                      rr-f 

Tlk 

16 

*r4 

«49 

7* 

5=°°                                      iT* 

~% 

»• 

,  *7*3 

*49 

r 

ci-x                           ?t*» 

~=*3 

16 

.    *7*» 

•14I 

7« 

5=ca                                       V* 

~«» 

t- 

*r3 

M9 

74 

*xs                                       tc  5 

-*=* 

S* 

*r9 

152 

74 

4Jcb                          r»i 

^**4 

9* 

**5 

'*£ 

77 

4rac                                    r^-j 

^*5 

9* 

.  *9" 

•160 

7» 

40co              e                     U^ 

•»9 

9° 

1  *9  7 

*xfs 

<< 

♦f=B                    s.                             T-^ 

-xac 

V 

5       0  .  3°"* 

168 

77 

4O0C                   1            K^        J*^ 

^XlX 

1m 

i     ?    *°  * 

^          1     i  3**4 

-172 

Is 

4.50c              -                     $c6 

vat 

*5 

■176 

*J 

4*»             V                     35* 

"■at 

"O 

^        1   !  3*  ■ 

•182 

*♦ 

♦»*             S                     5r* 

~*ot 

68 

«      <r  1 3*-« 

•186 

U 

4MO                  f                               Jf4 

-*ot 

68 

»          g.    ,  33-* 
*          |     ,  31*4 

•189 

«5 

w*         2              sr* 

"*Ot 

«9 

•191 

*7    1 

3*»            *                      3*1 

**n 

•5 

«     I    vT       33« 

"     '               34-o 

1  !       -*'1 

"93 

!5  1 

3*»         f              35-5 

35»           £      teAr  35"* 

3 

*4 

'196 

ti 

•*°s 

H 

196 

ti 

■have 

Saa 

i 

3400                    «■»••    34-6 

-200 

57 

34*0 

.96 

«3 

MM. 

33<» 

sr> 

•204 

1! 

34-0 

•196 

79 

3SOO 

vro 

"220 

•7 

33*9 

'95 

? 

3IOO 

40-9 

^5« 

7« 

34"© 

-19J 

3O0O 

4^5 

**5» 

79 

34*o 

196 

7^    ' 

s: 

40-1 

^41 

75 

34* 

'■2 

79 

39-f 

•*45 

73 

34"° 

196 

77 

2700 

396 

•*43 

73 

34"° 

•196 

75 

2600 

39-6 

•M3 

70 

34'3 

•198 

75 

2500 

397 

**44 

68 

347 

•201 

1    7* 

2400 

397 

•*44 

68 

35* 

•204 

70 

2300 

40-0 

•247 

«7 

35-5 
35* 

•208 

70 

2200 

40*4 

•*S6 

«7 

-208 

To 

2100 

40-9 

•262 

66 

357 

"209 

1    70 

2000 

41*5 

70 

*51 

*2I0 

70 

1000 
lioo 

42-0 

'269 

«5 

35-8 

*2I0 

£ 

437 

•285 

70 

3|'o 
361 

•204 

«♦ 

1700 

455 

•3°5 

74 

•213 

67 1 
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Table  VII.  (continued). 
Twenty-eighth  Ascent  {continued), 


1 

Humidity  of  the  Air. 

1        1S66. 

1     May  ao. 
Height,  in  feet, 
above  the  mean 
level  of  the  sea. 

Attending. 

Descending. 

Between 

whet 
tunes. 

Circom- 

Tempe- 
ratureof 
the  dew- 
point. 

Elastic 
force  of 
rapour. 

of 
humi- 
dity. 

Between 
what 
times. 

Circom- 

Tempo- 
mtore  ol 
the  dew- 
point. 

Elastic 

farce  of 
Tapour. 

humi* 
dity. 

'■ 

4*2 

in. 

0 

in. 

1600 

#3»3 

73 

363 

114 

69 

1500 

475 

3*9 

76 

3*5 

•216 

67 

1400 

R 

4«7 

344 

76 

§P 

367 

•218 

63 

1300 

cu 

499 

•360 

83 

| 

369 

•219 

66 

1200 

50*8 

*37* 

85 

J* 

O 

37*1 

'221 

bJ 

!           IIOO 

511 

'375 

85 

r 

3 

375 

**5 

67 

IOOO 

-k 

5*5 

•381 

85 

eo 

a 

378 

•227 

66 

1   e 

s 

1 

518 
511 

•385 
'391 

85 
85 

9 

B 

^ 

390 
40*0 

•23S 
•*47 

66 
68 

700 

H 

5*6 

397 

86 

r 

4o-5 

•252 

67 

600 

3) 

1 

530 

•403 

86 

8" 

40-9 

•256 

64 

500 

530 

•403 

86 

00 

er 

* 

4**5 

•262 

*3 

400 

5*8 

'401 

83 

g 

3°° 

\        too 

5*7 
5*5 

39? 
•396 

82 
Si 

100 

5**4 

394 

81 

1       ° 

5*4 

394 

81 

6400 

34*5 

199 

98 

34-6 

•200 

97 

6300 

34*t 

'196 

100 

345 

199 

97 

6200 
6100 

Sensibly 
damp 
and 

33-8 
337 

•'94 
•193 
'196 

99 
99 

Mist 
over  the 
earth; 

33'4 
3*'5 

m£ 

93 
81 

6000 

cold. 

340 

99 

cannot 

3*3 

•183 

Si 

5900 

350 

'204 

99 

ess  far. 

321 

•182 

84 

5800 

H'l 

'2 IO 

99 

3«9 

•180 

83 

5700 

36-6 

•217 

99 

r 

3*7 

•179 

Si 

5600 

4 

3Z"5 

225 

99 

3«"5 

•177 

83 

5500 

3!** 

•231 

100 

3i-3 

•176 

St 

5400 

* 

38-2 

•231 

99 

°£ 

311 

•*74 

79 

i       53°° 

f 

M 

M 

M 

3!2 

•231 

99 

310 

•174 

77 

I       5*°o 
5100 

'J1 

38-0 

•230 
229 

99 
97 

u» 

312 
31-4 

•*75 
•176 

76 
I9 

5000 

OO 

37-8 

•227 

96 

9. 

3*7 

•179 

82 

49°° 

s 

377 

'226 

96 

p 

320 

181 

83 

4800 

s 

37*5 

225 

95 

3*3 

■'5* 

83 

1       4700 

6* 

37*3 

•223 

94 

s 

3*'5 

'■J4 

*4 

I       4600 

^ 

37** 

'222 

94 

*>r 

3*9 

•187 

1+ 

1       4500 

M 

35'2 

•2l8 

9* 

»» 

333 

•190 

*4 

4400 

OO 

368 

9* 

°i 

335 

•19* 

83 

43oo 

I 

3r© 

•220 

9* 

? 

33* 

«94 

Si 

4200 

37*4 

224 

9' 

B 

H'o 

'196 

84 

4100 

377 

•226 

90 

343 

198   1 

84 

4000 
3900 

S8-o 

'229 

#*33 

? 

34* 
349 

•200   ; 
'203 

83 

8S 

3S00 

•236 

89 

351 

•204 

S6 

3700 

390 

•238 

87 

35'» 

•204 

83 

3600 

390 

13! 

86 

34'8 

•202 

81 

35<x> 

39-0 

•238 

!S 

34*5 

199 

80 

3400 

390 

•238 

81 

34* 

•197 

7* 

808 

REPORT-  1866. 

Table  VII.  (continued). 

Twenty-eighth  Ascent  (continued). 

1 866. 

May  29. 

Height!  in  feet, 

above  the  mean 

tore!  of  the  at*. 

Humidity  of  the  Air. 

Ascending. 

Prommtina; 

what 
times. 

Cumin* 

Tempe- 
rature of 
the  dew- 
point. 

Elude 
force  of 
▼aponr. 

Deye 

hunti- 
dity: 

Between 
what 
time*. 

Cjrant- 

Tempa- 
imtoreof 
the  dew- 
point. 

Elantic 
ferae  at 

•2T 

0 

in. 

0 

in. 

3300 

300 
389 

•238 

«7 

34*5 

•199 

7» 

3200 

•237 

77 

35"° 

•204 

77 

3100 

389 

•237 

77 

35* 

•*io 

7* 

3000 

389 

**37 

75 

36-5 

♦216 

7* 

2900 

389 

•237 

77 

369 

219 

79 

2800 

388 

•236 

76 

37"o 

'220 

7* 

2700 

388 

•236 

75 

37-0 

'220 

75 

2600 

38*8 

•236 

74 

370 

'220 

75 

2500 

388 

•236 

73 

370 

'220 

74 

2400 

i 

**'! 

•236 

7* 

1 

37*i 

*2»I 

74 

2300 

*!! 

•236 

7i 

37* 

•221 

73 

2200 

38*8 

•236 

70 

5 

37*1 

*22I 

73 

2100 

39-0 

•238 

69 

00 

w 

37'* 

'222 

73    ' 

2000 

a^ 

39*3 

"240 

69 

M 

37*3 

•223 

73 

1900 
1800 

3 

39*5 

•242 

69 

9 

37* 

227 

73 

ee 

398 

•*45 

69 

p 

•231 

73 

1700 

2 

40*2 

-249 

69 

V 

•236 

73 

1600 

i 

404 

•251 

69 

B 

392 

•*39 

7* 

1500 

407 

*54 

ii 

S 

395 

•242 

7* 

1400 

0* 

40*8 

•*55 

40-1 

*H* 

7i 

1300 

40*8 

'*55 

68 

** 

405 

•252 

7" 

1200 

& 

40*9 

•256 

«7 

410 

•*57 

70 

1 1 00 

1 

409 

•256 

«7 

*4 

42-0 

•267 

7> 

IOOO 

41*0 

•*57 

66 

5 

42-8 

**75 

7« 

800 

412 

•259 

66 

438 

•286 

7" 

41-3 

•260 

«S 

438 

•286 

68 

700 

415 

'262 

«♦ 

43*° 

•277 

61 

600 

4"  5 

•262 

«J 

40*0 

**47 

61 

500 

417 

•264 

6j 

399 

•246 

62 

400 

39* 

*H5 

«H 

300 

397 

*M4 

64 

200 

39* 

*43 

*5 

IOO 

39* 

**43 

66 

0 

39*5 

*H* 

68 

The  degree  of  humidity  of  the  air  increased  from  the  ground  to  the  height 
of  500  feet ;  from  this  height  to  1200  feet  the  air  was  somewhat  less  humid, 
and  still  less  so  at  heights  exceeding  1200  feet.  At  the  height  of  3400  feet 
the  degree  of  humidity  was  57  only;  the  air  was  again  wet  at  4800  feet, 
and  somewhat  less  so  at  heights  exceeding  5000  feet  On  descending,  the 
humidity  of  the  air  was  more  uniform  down  to  the  height  of  3400  feet,  and 
below  this  the  air  was  less  humid  than  at  the  same  elevations  on  the  ascent, 
and  particularly  at  low  elevations.  On  descending  below  400  feet,  I  packed 
up  the  instruments,  for  fear  of  the  balloon  striking  the  ground ;  at  this  time 
the  sun  was  setting.  On  ascending  again,  after  sunset,  the  air  was  more  and 
more  humid,  and  most  so  at  6300  feet ;  and  the  same  we  found  in  the  descent, 
to  the  height  of  600  feet,  where  the  degree  of  humidity  was  61,  and  it  in- 
creased to  68  on  the  ground. 
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Table  YIII. — Showing  the  degree  of  Humidity  at  every  200  feet. 


c 

tet.  1,186s. 

Dec.  fl,  186S. 

May  99,  I860. 

State  of  the  Sky. 

Height 

■bow  the 
level  of 

Clear. 

Cloudy. 

Partially  -dear  an4  cloudy. 

then*. 

1 

t 

I 

! 

!  1 

| 

1 

! 

| 

feet. 

# 

6400 

. 

.. 

98 

97 

6200 

76 

69 

99 

V, 

6000 

78 

■    65 

99 

5800 

8l 

79 

99 

«3 

5600 

86 

84 

99 

83 

5400 

85 

80 

99 

3 

5200 

87 

77 

9? 

5000 

87 

74 

96 

82 

4800 

91 

77 

95 

83 

4600 
4400 

79 
I9 

7 
7 

I     £ 

77 
8* 

94 
9* 

84 
83 

4200 

«4 

8 

8          70 

84 

9* 

84 

4000 

11 

8 

4         68 

85 

90 

83 

3800 

8 

0         65 

85 

89 

86 

3600 

75 

8 

2          64 

84 

86 

82 

3400 

78 

7 

9          57 

83 

81 

76 

3200 

88 

I 

1          67 

79 

77 

77 

3000 

95 

9          79 

7* 

7I 

76 

2800 

94 

9 

*          73 

»   77 

76 

76 

2600 

100 

9 

2          70 

75 

74 

75 

2400 

98 

68 

70 

72 

74 

2200 

97 

67 

70 

70 

73 

2000 

98 

60 

70 

69 

73 

1800                  9 

5 

93 

99 

7o 

64 

69 

73 

1600                  9 

4 

94 

99 

73 

0! 

f9 

7* 

1400                  9 

6 

94 

99 

76 

68 

7i 

1200                 9 

3 

1] 

9 

85 

*A 

67 

70 

1000                 9 

0 

85 

66 

66 

7l 

800                9 

4 

86 

98 

85 

68 

'J 

68 

600                 9 

4 

88 

98 

86 

64 

63 

61 

400                 9 

3 

93 

*! 

•* 

... 

.. 

64 

200                 9 

9 

3 
3 

9 

9l 
98 

81 
81 

•• 

•• 

«5 
68 

400  repoet—  1866. 

Meteorological  Observation*  made  in  connexion  with  the  Balloon  Aaoent  on 
October  2, 1865.— Royal  Observatory,  Gbtotwich. 


Beading  of 

Tamp. 

Ten. 

Df-ium 

*2 

yt 

Time  of 

reduced 
toSS°F. 

Thermom. 

of  the 
dow« 
point. 

•ion  of 

Yft- 
POT. 

of 
humi- 
dity. 

Direc- 
tion of 
wind. 

II 

I,,,,,,!, 

Dry. 

Wet. 

h    m 

6    op.m. 

in. 
29840 

OO'O 

0 
57-2 

S4J 

in. 
•430 

83 

B.S.B. 

0 

0 

6  io   „ 

29*840 

60*0 

57** 

54-8 

•430 

83 

B.S.7L 

0 

0 

[  Cloudier* ;  ayery  ine  farq 

6  ao   „ 

29-842 

599 

57* 

549 

•43* 

84 

B.bya. 

0 

0 

f     evening;  dew. 

6  30   „ 

29843 

595 

57#i 

55o 

433 

86 

BAB, 

0 

0 

Cloudleaa.    Balloon  fin*  ■ 
6h  30-15'.   Doe  Em*  of*  < 

6  40  „ 

29*845 

59*3 

57*i 

55* 

434 

87 

BATS. 

0 

0 

aervatory* 
Cloadbae.  Balloon  paaa-d 

of  the  obara  tatory  aboat 

38- 
Cloudleaa.    Balloon  bat  * 

6  50   „ 

29*845 

593 

57* 

551 

*434 

87 

»»bys. 

0 

0 

at  6*  46-  moving  in  ad 

Weaterly  diraouoa-^ 

peered    in    the  gloom  < 
London. 

70,, 

29*849 

in 

57-» 

55"4 

439 

89 

B.B.B. 

0 

0 

\ 

7  10   >, 

29*853 
29*856 

570 

55*6 

443 

89 

b,  by  «. 

0 

0 

7  ao   „ 

5*5 

5r; 

557 

444 

90 

B. 

0 

0 

7  30   ,, 

29*860 

58*2 

56-8 

555 

•44* 

9* 

■.by  if. 

0 

0 

7  40   „ 

29*869 

57*4 

562 

55* 

'434 

92 
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Meteorological  Observations  made  in  connexion  with  the  Balloon  Ascent  on 
Kay  29, 1866. — Royal  Observatory,  Greenwich. 
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Hrport  on  the  Extinct  Birds  of  the  Mascarene  Islands.  By  a  Com* 
mittee  consisting  of  Professor  A.  Newton,  Rev.  H.  B.  Tristram, 
and  Dr.  Sclater. 

Aixost  immediately  after  the  appointment  of  the  Committee,  intelligence  was 
received  in  England  of  the  very  important  discovery  by  Mr.  George  Clark,  of 
Vahebourg,  in  Mauritius,  of  a  large  deposit  of  bones  of  the  true  Dodo  (Didus 
»ypta»),  in  a  marsh  known  as  the  *  Mare  aux  Songes,'  an  account  of  which 
that  gentleman  has  published  in  'The  Ibis'  Magazine  for  April  1866. 
'Several  fine  series  of  these  bones  having  been  sent  to  England,  some  were 
purchased  by  the  Trustees  of  the  British  Museum,  and  formed  the  subject 
of  a  memoir  "  On  the  Osteology  of  the  Dodo,"  read  by  Professor  Owen  at  a 
meeting  of  the  Zoological  Society  of  London,  9th  January,  1866.  This 
memoir  is  understood  to  be  nearly  ready  for  publication,  and  will  appear, 
copiously  illustrated,  in  the  '  Transactions  '  of  that  Society.  Some  other  fine 
series  of  these  bones  have,  by  the  liberality  of  Mr.  Clark,  passed  into  the 
possession  of  one  of  the  members  of  your  Committee ;  and  a  portion  of  them 
i*  now  exhibited.  Several  smaller  series  of  bones  have  likewise  been  vari- 
ously distributed  by  sale  or  gift  both  in  England  and  on  the  Continent,  so  that 
numerous  Museums  (one  of  these  smaller  series  forms  the  subject  of  some 
"  Bemarqufia  '*  communicated  to  the  Academy  of  Sciences  of  Paris,  23rd  April, 
1H60.  2  d 
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1866,  by  M.  Alphonse  Milne-Edwards)  and  oollections  have  reaped  the  benefit 
of  Mr.  Clark's  valuable  discovery,  the  importance  of  which  may  be  better 
appreciated  when  it  is  remembered  that  previously  the  only  remains  of  the 
Dodo  known  to  naturalists  were  the  head  and  foot  at  Oxford,  the  skull  at 
Copenhagen,  the  portion  of  an  upper  mandible  at  Prague,  and  the  foot  in  the 
British  Museum.  Now  it  is  believed  that  every  bone  of  the  bird's  skeleton 
has  been  recovered,  with  the  exception  (though  that  is  an  important  excep- 
tion) of  the  extremity  of  the  wing. 

The  attention  of  Mr.  Edward  Newton  has  been  especially  called  to  this 
deficiency,  which  seems  likely  to  be  supplied  by  a  thorough  and  systematic 
examination  of  the  Mare  aux  Songes,  or  at  least  the  part  of  it  which  has  been 
most  prolific  in  Dodos'  bones.  That  gentleman  has  accordingly  determined 
to  carry  out  this  undertaking  as  far  as  may  be  expedient ;  but  according  to 
the  latest  accounts  received  from  him,  he  had  been  obliged  to  defer  com- 
mencing operations  in  this  quarter  till  the  expiration  of  the  rainy  season,  as 
the  marsh  still  continued  to  hold  much  water,  and  he  expected  to  be  able  to 
do  no  real  good  there  until  next  month,  when  the  Committee  hope  that  com- 
plete success  may  attend  his  excavations. 

The  collection  of  bones  formed  in  Rodriguez  last  year  by  Mr.  George  Joi- 
ner, and  sent  home  by  Mr.  Edward  Newton  (as  stated  in  the  communication 
made  by  that  gentleman  to  this  Section  at  Birmingham)  arrived  safely  in 
England  in  the  course  of  the  autumn ;  and  the  majority  of  them  proved  to 
belong  to  the  Solitaire  or  Dodo,  peculiar  to  that  island  (Beeophaps  toKtaria). 
They  were  exhibited  at  a  meeting  of  the  Zoological  Society,  23rd  November, 
1866 ;  and  a  select  series  of  specimens  from  them  is  now  produced,  among 
which  are  several  that  were  previously  unknown — such  as  the  proximal  end 
of  the  tibia,  portions  of  the  pelvis  and  coracoid,  the  ulna,  radius,  and  phalanx. 
Mr.  Edward  Newton  has  been  very  desirous  of  completing  the  exploration 
of  the  caves  in  Rodriguez,  in  the  hope  of  finding  the  remaining  portions  o( 
the  Solitaire's  skeleton ;  but  communications  between  that  island  and  Mauri- 
tius being  suspended  for  a  large  portion  of  the  year,  and  when  existing,  being 
uncertain,  the  difficulties  in  the  way  of  carrying  out  his  design  were  much 
increased.  At  last,  after  long  delay,  he  was  informed  that  labourers  were 
so  scarce  in  Rodriguez  that  the  necessary  assistance  was  not  to  be  obtained 
for  making  excavations  there.  To  meet  this  new  and  unexpected' difficulty 
he  was  compelled  to.  hire  men  in  Mauritius  and  send  them  to  Rodriguez, 
under  engagement  for  the  express  purpose  of  digging  in  the  eaves.  The 
Committee  trust  that  the  best  results  may  follow  this  mission. 

Bourbon  or  Reunion,  the  third  of  the  Mascarene  Islands,  which  is  known 
to  have  formerly  possessed  a  Didine  bird,  has  not  been  neglected  by  thtfOom- 
mittee ;  but  they  regret  to  say  that  at  present  they  see  no  chance  of  success- 
fully carrying  on  researches  there.  Mr.  Edward  Newton,  however,  is 
thoroughly  alive  to  the  importance  of  discovering  the  remains  of  this  species 
(of  which,  unlike  its  allies,  not  a  single  relic  is  on  record  as  now  existing): 
and  he  has  commissioned  a  gentleman,  who  has  lately  proceeded  thither,  to 
make  a  preliminary  survey  in  the  hope  of  finding  places  likely  to  reward  a 
search  for  its  remains. 
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Report  on  various  Experiments  carried  out  by  Captain  W.  H.  Noble, 
R.A.,  under  the  direction  of  the  Ordnance  Select  Committee,  rela- 
tive to  the  Penetration  of  Iron  Armour  Plates  by  Steel  shot,  to 
which  is  added  a  Memorandum  on  the  Penetration  of  Iron-Clad 
Ships  by  Steel  and  other  Projectiles. 

[A  communication  ordered  to  be  printed  among  the  Reports.] 

lie  1862  the  Special  Committee  on  Iron  proposed  a  series  of  experiments  for 
the  purpose  of  ascertaining  whether  the  penetration  of  projectiles  into  iron 
was  proportional  to  their  vis  viva. 

The  guns  proposed  for  use  were  the  68-pounder  smooth-bore,  and  7-inch 
B  L  rifled  gun,  and  the  necessary  charges  were  determined  by  the  Ordnance 
Select  Committee  with  the  aid  of  Navez's  Electroballistic  Apparatus. 

A  few  experiments  were  subsequently  made ;  but  the  results  were  not  to 
be  relied  on,  as  the  projectiles  used  were  cast  iron  and  broke  up  on  impact. 
This  subject  was  revived  in  1864  by  the  Ordnance  Select  Committee,  and  a 
series  of  experiments  were  authorized  for  the  purpose  of  determining  the  fol- 
lowing points : — 

First.  To  determine  the  relative  penetrating  effects  of  two  shots  on  an 
iron  plate,  provided  they  strike  with  the  same  "work"*,  notwithstanding 
that  the  one  may  be  heavy  with  a  low  velocity,  and  the  other  light  with  a 
high  velocity. 

Secondly.  To  determine  the  relative  resistances  of  a  plate  to  penetration  by 
two  shots  of  similar  form  of  head,  and  striking  with  "  work  "  proportional 
to  their  respective  diameters. 

An  example  of  the  first  point  may  be  stated  as  follows : — The  10"*5 
wrought-iron  gun  of  12  tons  is  fired  at  an  iron  plate  with  a  charge  of  50  lbs., 
and  spherical  steel  shot  of  168|  lbs.,  the  velocity  at  200  yards  being  1576 
feet,  and  consequent  "work"  2898  foot-tonsf. 

The  same  gun  is  fired  in  its  rifled  state  at  a  similar  plate,  with  a  charge  of 
40  lbs.,  and  hemispherical-headed  steel  elongated  shot  of  300  lbs.,  the  velo- 
city at  200  yards  being  1180  feet,  and  consequent  "work"  2898  foot-tons. 
Will  the  penetration  %  be  the  same  in  both  cases? 
The  following  case  will  serve  to  illustrate  the  second  point : — 
The  100-pounder  smooth-bore  gun  of  6|  tons  is  fired  at  an  iron  plate 
with  a  charge  of  15*4  lbs.,  and  spherical  steel  shot  of  104-1  lbs.  weight  and 
&*87  inches  diameter,  the  velocity  at  100  yards  being  1254  feet,  and  con- 
sequent "  work  "  1135  foot-tons. 

The  7-inch  M  L  rifled  gun  of  130  cwt.  is  fired  at  a  similar  plate,  with  a 
charge  of  13*5  lbs. ,  and  elongated  hemispherical-headed  steel  shot  of  100 -3  lbs. 
weight  and  6*92  inches  diameter,  the  velocity  at  100  yards  being  1129  feet, 
and  consequent "  work  "  886  foot-tons.  Will  the  penetrationj  be  the  same  in 
both  cases,  the  vis  inva  being  proportional  to  the  respective  diameters,  or  as 
8-87  to  6-92? 

*  Wt* 
-bj  ,  where  W = weight  of  shot, 

v— velocity  on  impact, 
g  =*the  accelerating  force  of  gravity. 
t  Vis  viva  hat  been  given  in  foot-tons  instead  of  foot-pounds,  in  consequence  of  the 
number  of  figure*  required  to  express  the  latter. 

}  By  penetration  is  meant  actual  perforation  through  the  plate,  or  the  power  of  paaaing 
through  the  plate.  In  the  case  of  penetration  into  iron  plates  the  term  "  indent "  has  been 
used. 
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The  experiments  which  the  Ordnance  Select  Committee  instituted  for  the 
purpose  of  obtaining  a  solution  to  the  foregoing  questions  must  be  regarded 
as  preliminary  to  any  inquiry  into  the  larger  question  of  the  penetration  of 
iron  defences  by  steel  projectiles.  No  attempt  has  been  made  to  found  any 
absolute  law  of  resistance  upon  the  following  results ;  for  these  results  are 
not  sufficiently  extensive  to  warrant  any  such  proceeding.  They  were  car- 
ried out  for  the  purpose  of  affording  a  practical  solution  to  the  questions  at 
issue,  and  were  limited  in  extent  by  considerations  of  expense.  To  found 
any  general  law  of  penetration  into  iron  defences  would  require  a  much  more 
extensive  and  costly  trial ;  and  although  the  results  of  such  an  investigation 
might  be  highly  interesting  as  a  philosophical  question,  it  is  doubtful  whether 
they  would  prove  of  sufficient  practical  utility  to  warrant  the  unavoidable 
expense*. 

When  it  is  considered  that  this  question  is  surrounded  by  difficulties  and 
causes  of  error  over  which  we  have  no  control,  it  will  appear  that  it  is  at 
present  hopeless  to  look  for  anything  but  an  approximate  result.  The  very 
quality  of  the  materials  we  are  obliged  to  make  use  of,  the  rough  and  prac- 
tical nature  of  the  trials,  and  the  necessity  of  carrying  them  out  on  a 
moderate  scale,  all  tend  to  make  the  experiments,  philosophically  considered, 
imperfect  and  insufficient  as  a  basis  for  mathematical  analysis. 

The  following  programme  of  experiments  was  determined  on  for  the  first 
point: — 

Gun.— 6-3-inch  M  L  rifled  gun  (Shunt  t). 

Projectiles. — Four  descriptions  of  steel  shot,  of  the  following  weights,  as 
nearly  as  manufacturing  limits  will  allow : — spherical  35*5  lbe.,  elongated 
71  lbs.,  elongated  106*5  lbs.,  elongated  64  lbs.  J, — all  to  be  hemispherical- 
headed,  and  of  6*22  inches  diameter. 

Charges. — To  be  so  arranged  that  each  projectile  may  strike  with  tie 
same  "  work  "  stored  up  in  it. 

Iron  Plates. — Best  rolled  iron,  5|  inches  thick,  placed  vertically  at  a  dis- 
tance of  100  yards,  and  unbacked. 

The  programme  for  the  second  point  was  as  follows : — 

Ouns. — 6*3-inch  M  L  rifled  gun  of  140  cwt. ;  7-inch  M  L  rifled  gun  of 
134  cwt. ;  100-pounder  smooth-bore  gun  of  6^  tons  (9-inch). 

Projectiles^. — For  6*3-inch  gun,  same  as  detailed  in  the  first  programme ; 
for  7-inch  gun,  elongated  steel  shot  of  100  lbs.  weight  and  6*92  inches  dia- 
meter ;  for  100-pounder  gun,  spherical  steel  shot  of  104  lbs.  and  8*87  inches 
diameter. 

Chajrges. — To  bo  so  arranged  that  each  projectile  may  strike  with  a  "workv 
proportional  to  its  diameter,  taking  the  6-3-inch  as  the  standard. 

Iron  plates. — Best  rolled  iron  5i  inches  thick,  placed  at  a  distance  of  100 
yards,  and  unbacked. 

*  The  experiments  hitherto  carried  out  have  given  us  a  fair  practical  knowledge  of  the 
conditions  to  be  fulfilled  in  order  that  complete  penetration  through  iron  defences  msf 
be  effected. 

We  can  predict,  with  a  very  close  approximation  to  the  truth,  whether  a  given  projec- 
tile striking  with  a  given  Telocity,  will  or  will  not  perforate  a  given  iron  structure;  but 
supposing  it  not  to  be  able  to  perforate  it,  we  cannot  say  how  far  it  will  indent  it,  and  it  is 
submitted  that  this  is  of  little  consequence. 

t  The  gun  used  in  the  first  series  of  experiments  against  5*5-inch  plates  was  the  experi- 
mental 6-3-inch  gun  of  140  cwt,  length  of  bore  126  inches.    This  enabled  the  neewswr 
'  'h  yelooity  to  be  obtained. 
Same  weight  as  service-shot. 
Elongated  projectiles  were  all  hemispherical -headed. 
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Determination  of  the  charges. — The  charges  were  determined  with  the  aid 
of  Navez's  apparatus,  by  which  the  velocity  of  each  projectile  was  observed 
at  the  distance  of  100  yards  from  the  muzzle.  Cast-iron  shot  wore  sup- 
plied for  this  experiment,  their  weight  being  the  same  as  the  steel  shot. 
The  spherical  projectiles  were  shells  weighted  up  with  lead. 

The  following  Table  shows  the  velocity  which  it  was  necessary  each  pro- 
jectile should  have  in  order  that  the  conditions  might  be  fulfilled:— 

Table  I. — Showing  the  necessary  velocities  and  charges  determined  by  ex- 
periment. 5'5-inch  plates.  Projectile,  solid  steel  hemispherical-headed 
shot. 
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/To   compare   with 

1     No.  9. 

/To    compare   with 

1      68-pounder*. 

[To    compare    with 

1     No.  9. 

/To   compare   with 

t     No.  10. 

1  To    compare    with 

1      Nob.  5  and  7. 

/.To    compare    with 

1     No.  8. 

The  necessary  charges  having  been  thus  previously  ascertained,  the  guns 
were  placed  in  battery  at  100  yards  from  a  row  of  5^ -inch  iron  plates  firmly 
fixed  b"?  upright  supports,  but  unbackedf. 

The  actual  velocity  of  each  round  was  observed  at  a  short  distance  in  front 
of  the  plate,  and  the  striking-velocity  determined  by  calculation. 

The  following  Table  (p.  406)  gives  the  results. 

It  appears  that  the  striking-velocities  of  the  steel  shot  varied  slightly  from 
those  previously  determined  and  detailed  in  Table  I.  above.  This  slight 
difference  is  due  to  minute  variations  in  the  weights  and  diameters  of  the 
projectiles,  and  atmospheric  influences,  errors  which  it  is  quite  impossible  to 
guard  against.  Such  differences,  however,  are  of  no  practical  importance 
whatever. 

*  Previous  experiments  had  been  made  with  these  guns. 

t  The  guns  were  fired  directly  at  the  plates;  that  is  to  say,  the  plane  in  which  the  shot 
tnoTed  was  perpendicular  to  the  face  of  the  plates. 
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Table  II. — Abstract  showing  the  results  of  the  experiments  carried  out  at 
Shoeburyness,  22nd  March,  1865,  against  5-5-inch  unbacked  plates.  1000 
to  1010  show  effect  of  equality  of  vis  viva  where  V  and  W  vary.  In  tbe 
last  three  rounds  the  effects  are  not  comparable : — 


35-lb.  shot,  spherical,  length    6-220^ 
63-lb.  shot,  elongated,  length    8-500 
70-lb.  shot,  elongated,  length    9-315 
106-lb.  shot,  elongated,  length  13-458  d 


hemispherical-headed. 


Photo- 

Approximate 

1 

graphic 

Weight 

Velocity 

W 

Effects  with  steel  projectiles  of  6*n-ineh  dia- 

number 

Charge. 

on 

infoot-tona 

meter,  fired  from  the  6*3-ineh  gen  of  MO 

of 

projectile. 

impact 

cwt.,  R.,  ExpL  No.  *75. 

round. 

on  impact. 

1 

lb.. 

lbs. 

feet. 

1 

IOOO 

15-848 

35*75 

1920 

917*0 

f  Clean  hole  through  plate,  and  3  ft. 
\     2  ins.  into  earth. 

1003 

15848 

35562 

1925 

9138 

(  Clean  hole  through  plate,  and  stopped 
1      by  a  balk  of  timber. 

IOOI 

I2'000 

63687 

141 7 

8867 

|  Clean  hole  through  plate,  and  3  ft. 
1      6  ins.  into  earth. 

1004 

Il'OOO 

70*937 

1345 

8898 

l  Struck  left  edge  of  plate  and  broke 
1      in  three  pieces. 

IO06 

12*000 

71*250 

1346 

8951 

|  Clean  hole  through  plate,  and  5  ft. ' 
1      6  ins.  into  earth*. 

1002 

1 1*219 

106*625 

IIIO 

911*0 

j  Clean  hole  through  plate,  and  3  ft  | 
\     3  ins.  into  earth.                           | 

1007 

U'219 

106*812 

1112 

9158 

|  Clean  hole  through  plate,  depth  in 
1      earth  not  known. 

IO08 

13*75 

35-562 

1829 

824-9 

f  Clean  hole  through  plate,  about  1J  ft- 
\     into  earth. 

'  Stuck  in  plate ;  base  projects  3J  ins. 
from  face  of  plate ;  alight  star  in 

1009 

10*500 

70875 

1270 

79*7 

rear,  outer  lamina  off  plate. 

f  Stuck  in  plate;  base  project*  7 in* 

IOIO 

98 12 

106*562 

996 

733*1 

•1  from  face  of  plate;  part  of  shot 
[     showing  through  in  rear. 

If  we  consider  this  Table,  it  appears  that  numbers  1000, 1001, 1002, 1003, 
1006,  and  1007  all  passed  through  the  plates,  and  to  about  the  same  depth 
in  the  earth  behind,  which  is  a  rough  indication  of  their  possessing  the  same 
remaining  "  work."  These  effects  were  produced  bj  projectiles  of  various 
weights,  the  difference  being  very  considerable ;  but  the  velocities  were  so 
arranged  that  the  expression  Wv2  was  nearly  a  constant  Thus  No.  1000, 
consisting  of  a  spherical  shot  of  35*9  lbs.,  with  velocity  of  1920  feet,  and 
"  work  "  of  917  foot-tons  passed  through  the  plate,  and  subsequently  pene- 
trated 3  feet  2  inches  into  earth.  No.  1002,  consisting  of  an  elongated  steel 
shot  of  106*6 lbs.,  with  velocity  of  1110  feet,  and  "work"  911  foot-tons, 
also  penetrated  the  plate,  and  subsequently  3  feet  3  inches  into  earth.  The 
difference  between  W  and  v  in  this  instance  is  very  marked,  and  the  "work  r 
done  k  the  same. 


*  Earth  loosened  by  a  former  shot. 
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If  we  examine  Table  HL,  it  appears  that  penetration*  varies  nearly  in  the 
inverse  ratio  of  the  diameter.  The  only  round  which  does  not  bear  this  out 
is  No.  1009 ;  and  in  this  case  the  fault  may  have  been  in  the  steel  of  which 
the  projectile  was  composed.  Thus  Noe.  1008  and  765  agree  exactly ;  1011 
and  1026  are  practically  equal  in  effect,  and  Noe.  1027, 1012,  and  1013  are 
all  very  similar  in  their  effects.  As  before  mentioned,  in  an  experiment  of 
such  a  practical  description  we  must  not  look  for  too  much  theoretical  harmony 
in  the  results ;  and  when  we  remember  that  steel  and  iron  vary  so  much  in 
quality,  exact  results  cannot  be  expected. 

The  Committee,  however,  determined  to  repeat  the  experiments  against 
45-inch  plates,  and  to  fire  with  such  charges  that  the  projectiles  should  strike 
with  a  force  which  would  be  merely  sufficient  to  just  penetrate  through  the 
platet. 

It  appears  from  Table  II.,  round  1008,  that  a  6*22  inch  projectile  is  jtut 
able  to  penetrate  a  5*5-inch  plate,  with  a  "  work  "  on  impact  of  about  £25 
foot-tons ;  and  if  we  assume  that  the  resistance  of  the  plate  varies  as  the 
square  of  its  thickness,  we  shall  have  the  following  proportion  to  dcteraipc 
the  "  work  "  necessary  to  penetrate  a  4*5-inch  plate  with  the  same  projec- 
tile, viz. : — 

5-5a:826::4-5*:ar; 
and  .ras552  foot-tons. 

In  order  therefore  to  just  penetrate  a  4*5-inch  wrought  iron  unbacked 
plate,  a  622-inch  solid  steel  hemispherical-headed  shot  ought  to  strike  with 
a  "  work  "  represented  by  about  552  foot-tons ;  and  if  we  take  the  weights 
of  the  projectiles  to  be  approximately 

35-561 

63-87 

7100 

106-62  w 

the  following  Table  gives  the  velocities  which  each  of  these  projectiles  must  be 
moving  at,  in  order  that  the  "  work  "  on  impact  may  equal  552  foot-tons. 

Tjlble  IV. — Showing  the  weights  of  hemispherical-headed  steel  6-22-inch 
shot,  with  the  velocity  necessary  to  give  a  constant  "  work  "  of  552  foot- 
tons  at  100  yards. 


I  lbs.- 


?$&  I^^Sl7" 

wv 

Remark*. 

lbs.              feet. 
3556   1      1496s 
63-87   ,      1116-6 
71-00   1       1059*0 
106-62           864-2 

foot-tons. 
552-2 
5522 
5522 
5522 

Bound  shot. 

Having  carried  the  investigation  thus  far,  it  became  necessary  to  determine 
whether  the  assumption,  that  the  resistance  of  wrought-iron  plates  varies 
as  the  square  of  their  thickness,  was  correct, — in  other  words,  to  ascertain 
whether  a  "  work  "  of  552  foot-tons  would  just  penetrate  a  4-5-inch  plate 

*  See  note  t,  p.  403. 

t  The  rewrite  obtained  by  the  previous  experiment  bad  proYcd  thai  the  "  work"  in  eenff 
of  the  shot  was  more  than  sufficient  to  effect  complete  perforation ;  and  the  aim  of  the 
second  experiment  against  4  5-inch  plates,  was  to  so  apportion  the  charges  that  the  sereral 
projectiles  should  be  only  just  capable  of  getting  through  the  plate. 
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with  a  6*22-inch  shot.  This  was  determined  in  the  following  manner  by  a 
preliminary  experiment. 

The  weight  of  the  steel  shot  was  63*87  lbs.,  its  diameter  6*22  inches,  and 
the  required  velocity  1116*6  feet.  It  was  found  by  experiment  that  a  shot 
of  this  description  would  be  moving  with  a  velocity  of  nearly  1116*6  feet  at 
100  yards  distance,  if  it  were  fired  with  a  charge  of  6  lbs.  11  ozs.  of  powder. 
This  charge  was  therefore  employed  in  round  1047  with  the  following  results. 

Shot  struck  4-5-inch  unbacked  plate  about  the  centre  and  just  penetrated 
the  plate,  the  shot  rebounding  6  yards.  From  this  result  it  appeared  that  a 
"  work  "  of  about  552  foot-tons  was  just  capable  of  piercing  a  4*5-inch  un- 
backed plate,  and  that,  practically  speaking,  the  assumption  that  the  resist- 
ance varies  as  the  square  of  the  thickness  was  correct. 

The  experiments  might  therefore  proceed. 

It  appears  from  the  above  Table  that  when  the  weight  of  the  projectile 
Taries  from  35  to  106  lbs.  the  velocity  will  vary  from  1496  to  864  feet,  if  the 
"  work  "  is  required  to  be  constant. 

In  order  therefore  to  strike  the  4*5-inch  plates  with  a  constant  "  work" 
of  552  foot- tons,  we  must  so  proportion  the  charges  of  powder  that  the  seve- 
ral projectiles  on  impact  may  be  moving  with  their  corresponding  velocities 
as  shown  by  Table  IV.  This  has  been  done  by  observing  the  velocity  at 
100  yards  of  a  series  of  cast-iron  projectiles  of  as  nearly  as  possible  the  same 
weight  as  the  steel  shot,  the  cast-iron  projectiles  corresponding  to  the 
tphmeal  steel  shot  being  a  shell  brought  to  the  proper  weight  by  being  filled 
with  lead. 

The  following  Table  shows  these  charges  determined  by  experiment : — 

Table  Y. — Showing  the  approximate  charges  with  which  various  steel  hemi- 
spherical-headed shot  should  be  fired  from  the  64-pounder  M  L  gun,  in 
order  that  the  work  may  be  constant  at  100  yards. 


Weight  of 
■hoc. 

Velocity  on 
impact. 

We" 

Approximate 
charge  deter- 
mined by 
experiment. 

lba. 

I5'!6 
6387 

71-00 
106-62 

feet. 
14965 
11166 
1059-0 
864-2 

foot  tons. 
5522 
5522 
5522 
5522 

lbs.  OS*. 
8     0 
6  10 
6  10 
6     ii      | 

The  charges  given  in  the  last  Table  are  termed  "  approximate"  because  it 
*ould  be  untrue  to  assert  that  these  charges  would  give  the  absolute  veloci- 
ties required,  although  they  are  the  nearest  approximation  we  can  make,  or 
ttw  probability  of  tho  velocity  being  the  required  one  is  nearer  with  these 
t^harges  than  with  any  others. 

The  charges  having  thus  been  determined,  the  different  projectiles  were 
fired  at  the  4-5-inch  unbacked  plates ;  tho  velocity  of  each  projectile  was 
observed  at  a  short  distance  in  front  of  the  plate,  and  the  small  loss  of  velo- 
city due  to  the  resistance  of  the  air  during  this  short  distance  was  calculated 
by  the  most  approved  theory,  which,  although  it  may  not  give  results  which 
arc  strictly  correct,  is  practically  sufficiently  near  the  truth  when  the  range  is 
small. 

The  following  Table  gives  the  velocities,  both  observed  at  80  feet  distance 
from  the  plates,  and  calculated  on  impact.  The  penetration  of  each  shot  is 
Slvcn  in  the  column  of  remarks. 
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Table  VI.— Abstract  showing  the  results  of  experiments  carried  oat  against 
4'5-inch  unbacked  plates  to  determine  the  relative  penetrating  effect  of 
projectiles  of  the  same  diameter  and  form  of  head,  but  so  varying  in  weight 
and  velocity  that  the  vis  viva  on  impact  was  constant. 

Date  of  experiment  March  13, 1866.    Brand  of  powder,  Rifle  L  G.    July 
8,1864.     Lat.  805. 


1047* 

1 1 58 

1 159 

1 160 

1161 
1 1 6a 

1163 
1 1 64 

116S 

1 1 66 

1 167 


lbs 
6-69 

6-63 


6*09 

$•00 
663 


63-87  It*. 

8*42  in. 
63-87  lbs. 

8-42  in. 


70*94  lbs. 

9*3  in- 
1061  albs. 

1339  ™- 


35'5<>  lbs, 
6*22  in. 

53*56  lbs 
6*22  in. 


70-94  lbs. 

9-3  in. 
638 1  lbs. 

8-42  in. 


feet. 

1121*2 
1 128*3 


IO777 
8641 


6*09    106*62  lbs. 
1339  in. 


8-oo 


35*50  lbs. 
6*22  in. 


feet 
1112*2 

1 1 193 


Effects  with  heaunrfcerieil-lMaded  rted  prcj«. 
tile*  of  6*flt-iiicb  <h*m*ter,  fin*  Iraa  dc 
tenrico  64-poandor  M  L.  Ova  of  fi-J-incb 
calibre. 


547*8 
554* 


860*5    545a 


1483*6   1460-0 
15067   1482*4 


1069*2 
1107-1 

86r3 

863-1 

1509*2 


1098-2 

8577 

859*5 

1484*9 


5H7 
541*8 


533'6 

5439 
546*2 
5428 


Just  penetrated.  Shot  rebounded  about 
6  yards;  length  of  ahot  8*0& incb*. 

Just  penetrated;  broke)  plate  behind  in 
the  usual  manner;  shot  Rboondrf 
4  feet;  length  of  shot  7*92-rorfco 
diameters  of  hole  6  X  6-25  indw. 

Miss.  Struck  support  of  plate  at*t 
glanced  off  into  the  earthwork. 

Through  plate,  breaking  away  rear  h 
the  usual  manner.  Shot  feu  2  fert  :r 
rear;  length  of  shot  12*92  incb*>. 
diameters  of  hole  6*75x7*6  inches. 

Stuck  in  plate,  breaking  it  away  behind 
shot  almost  through 

Just  penetrated ;  broke  plate  behind  h 
the  usual  manner;  soot  rebound- 
4  feet;  diameter  of  shot  6-32  in^r^ 
diameters  of  hole  6*4x6*5  incb& 

Miss.  Struck  support  and  glanced  ml<" 
earthwork. 

Almost  penetrated;   broke  awaj  jW 
behind  over  an  area  of  1  foot  br  1  u  v* 
Shot  rebounded  5  feet  9  inche&    In- 
dent 435  inches ;  length  of  shot  7  ^ 
inches. 

Stuck  in  plate,  breaking  it  away  at  ba.  -k. 
something  more  than  round  11*4  : 
shot  almost  through. 

Through  plate.  Shot  turned  oxer  &vi 
entered  earthwork  to  a  depth  01"  1 
foot;  length  of  shot  12-96  im*he< 

Made  a  hole  clean  through,  but  shot  re- 
mained sticking  in  the  plate,  prov- 
ing as  much  in  rear  as  in  front 


If  we  examine  this  Table,  it  appears — 

1.  That  all  the  projectiles  but  one  struck  with  "work"  slightly  nndVr 
that  which  was  required,  viz.  552  foot-tons ;  and  that  542  tons  is  only  jus>t 
capable  of  piercing  a  4'5-inch  plate. 

Thus,  in  most  instances,  the  shot,  after  penetration,  rebounded  and  fell  hi 
front  of  the  plate,  showing  that  they  had  expended  almost  their  entire 
force  in  the  penetration. 

As  552  tons  was  calculated  on  data  supplied  by  a  shot  (round  l(Mb) 
*  Preliminary  round.. 
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which  penetrated  and  had  some  little  force  left  in  it,  it  is  to  be  expected  that 
a  force  of  542  tons  should  act  as  it  did.  It  appears  that  a  redaction  of 
2 023.  in  the  charge,  and  consequent  diminution  of  "  work"  to  525  foot-tons 
was  sufficient  to  prevent  complete  penetration  (round  1161),  although  it  ap- 
parently required  but  a  small  blow  with  a  hammer  to  separate  the  piece  of 
plate  at  the  back  of  the  point  struck :  as  this  effect  was  produced  by  the  shot 
moving  with  the  highest  velocity,  it  is  a  convincing  proof  that  with  steel  shot 
the  penetration  is  not  proportional  to  a  higher  power  than  the  square  of  the 
velocity. 

2.  Round  1164  is  the  only  anomalous  round  in  the  present  series :  it  was 
supposed  to  be  fired  with  exactly  the  same  charge  as  round  1158 ;  yet  the 
penetration  was  inferior,  and  the  observed  velocity  less.  It  is  difficult  to 
account  for  this  except  on  the  supposition  that,  through  some  oversight,  a 
smaller  charge  was  employed,  or  that  the  projectile  was  not  quite  rammed 
borne. 

3.  It  is  clearly  proved  that  plate  2  was  of  somewhat  better  quality 
than  plates  1  and  3.  The  fracture  showed  a  better  weld ;  and  this  is  evi- 
dent by  the  increased  resistance  it  offered  to  the  projectiles— round  1165 
especially. 

It  is  difficult  to  guard  against  this  cause  of  error,  which  is  one  of  the 
many  that  beset  this  question. 

From  these  experiments,  the  following  practical  conclusions  may  be  drawn 
vhen  the  projectiles  ore  fired  direct. 

1.  An  unbacked  wrought-iron  plate  will  be  perforated  with  equal  facility 
bv  solid  steel  shot  of  a  similar  form  of  head,  and  having  the  same  diameter, 
provided  they  have  the  same  vis  viva  on  impact ;  and  it  is  immaterial  whether 
this  vis  viva  be  the  result  of  a  heavy  shot  and  low  velocity,  or  a  light  shot 
and  a  high  velocity. 

2.  An  unbacked  iron  plate  will  be  penetrated  by  solid  steel  shot  of  the 
same  form  of  head  but  different  diameters,  provided  thoir  striking  vis  viva 
varies  as  the  diameter  nearly — that  is  as  the  circumference  of  the  shot. 

3.  That  the  resistance  of  unbacked  wrought-iron  plates,  to  absolute  pene- 
tration by  solid  steel  shot  of  similar  form  and  equal  diameter,  varies  as  the 
square  of  their  thickness  nearly  *,  up  to  5|  inches. 

4.  These  experiments  have  proved  that  although,  in  the  case  of  east  iron, 
a  light  projectile  moving  with  a  high  velocity  will  indent  iron  plates  to  a 
greater  depth  than  a  heavier  projectile  with  a  low  velocity  but  equal  "  work," 
it  is  not  as  necessary  that  there  should  be  a  high  velocity  when  the  projectiles 
are  of  a  hard  material,  such  as  steel  and  chilled  iron ;  and  this  result  will  be 
much  in  favour  of  rifled  guns,  by  enabling  them  to  provo  effective  with  com- 
paratively moderate  charges. 

If  we  wish  to  put  these  results  in  an  algebraic  form,  we  shall  have,  taking 
the  units  as  the  pound  and  the  foot, 

^=2rl«*»t, (1) 

*  This  is  only  true  when  the  plates  are  of  the  best  quality.    It  is  well  known  that  it  is 

easier  to  make  a  thin  than  a  thick  plate,  and  that  the  latter  is  liable  to  imperfect  welding 

tn  the  process  of  rolling.    The  manufacture  of  armour-plates  has,  however,  been  so  much 

unproved  of  late,  that  it  is  practically  allowable  to  assume  that  their  resistance  varies  as 

83!at*  of  ^^  I*"0*11088*  within  ordinary  limits. 

t  The  above  might  be  put  as  follows :  foot-tons= AWrf,  where  d  is  the  diameter  of  the 
projectile.  The  circumference,  however,  is  preferred  as  better  representing  the  portion  of 
»ron  actually  sheared. 
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whore 

W  as  weight  of  shot  in  lbs. 
r= velocity  on  impact  in  feet. 
<7=gravity. 
2B=diameter  of  shot  in  feet. 
6  s  thickness  of  unbacked  plate  in  feet 

fr=a  coefficient  depending  on  the  nature  of  the  wrought  iron  in  the 
plate,  and  the  nature  and  form  of  the  head  of  shot. 
The  shot  is  supposed  to  be  of  the  best  quality  of  steel,  and  the  plate  of 
the  best  quality  of  wrought  iron. 

Solving  the  equation  (1)  for  b,  we  have 

6=V3& « 

and  for  h, 

-3U  ■■■■ * 

In  order  to  determine  I;  we  can  form  a  series  of  equations  of  the  follow- 
ing conditions : — 

4rRj0Mfc— W^/ssO, 
4*B^Wr-Wavas:=0, 

&c.  &c.  &c. 

Substituting  the  experimental  values  of  the  different  quantities,  and  eli- 
minating lc9  we  find  that  for  hemispherical-headed  shot 

£=5357200. 

Having  thus  determined  the  value  of  h9  we  can  calculate  the  "  wart " 
necessary  to  penetrate  any  unbacked  plate  of  given  thickness. 

Thus,  let  us  determine  the  "  work  "  required  to  just  penetrate  a  5*5-inih 
plate  with  a  hemispherical-headed  steel  shot  of  6*22  inches  diameter. 
Here  we  have 

11=311  inches=0-25917  feet, 
;&=5-5  inches=0-45833  feet, 
*=5357200  ; 

and  substituting  these  values  in  equation  (1),  we  find  that 
^=1832522  lbs. 

=818  foot-tons. 

We  see  that  round  1008,  consisting  of  a  spherical  shot  of  35-56  lbs.  and 
6*22  inches  diameter,  moving  with  a  velocity  of  1829  feet,  and  consequent 
"  work  "  of  825  foot-tons,  just  penetrated  a  5*5-inch  plate.  This  *  work"  i* 
practically  the  same  as  that  given  in  the  above  example,  as  a  difference  of  5  or?. 
in  the  weight  of  the  shot  would  have  reduced  its  work  to  818  foot-tons. 

By  means  of  the  foregoing  equations,  we  can  determine  most  of  the  effect* 
against  unbacked  plates ;  and  tho  following  examples  are  given  in  proof. 

Example  I. — What  thickness  of  unbacked  wrought-iron  plate  will  with- 
stand the  impact  of  a  solid  hemispherical-headed  steel  shot  of  115  lbs.  weight, 
and  6*92  inches  diameter,  fired  with  a  charge  of  22  lbs.  from  the  7-in<h 
ML  rifled  Woolwich  gun  at  1000  yards,  remaining  velocity  at  that  distant! 
being  1260  feet? 
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Here  we  have  from  equation  (2), 


>=VS; 


6"  ~'~  '  4*%*' 
and  substituting  the  values  above,  we  find 

b = 6-486  inches. 

The  thickness  of  plate  to  resist  this  shot  ought  therefore  to  be  more  than 
6-5  inches. 

Example  II. — The  68-pounder  smooth-bore  gun  is  fired  with  a  spherical 
steel  shot  of  72-0  lbs.  weight  and  7-91  inches  diameter,  the  striking- velocity 
at  200  yards  being  1365  feet;  what  thickness  of  unbacked  plate  will  it 
penetrate  ? 

Here  we  have,  as  before, 

and  substituting  the  above  values, 

6=5*2  inches. 

Bound  906,  fired  with  the  above  charge,  failed  to  perforate  a  5*5-inch  plate, 
although  it  indented  it  to  a  depth  of  2*8  inches,  and  cracked  off  the  plate 
behind.  We  find,  however,  that  the  68-pounder  penetrated  a  475-inch  plate 
on  the  "  Small-plate"  target  (round  842),  and  a  5-inch  plate  (round  960). 

Example  HE. — The  13-3-inch  gun  of  22  tons  was  fired  at  an  11-inch  plate 
with  a  spherical  steel  shot  of  344-4  lbs.  weight  and  13*24  inches  diameter ; 
charge  90  lbs.,  the  striking-velocity  being  1574  feet  at  200  yards  :  ought  it 
to  have  penetrated  the  plate  ?  Now  the  thickness  of  unbacked  plate  which 
this  shot  will  penetrate  can  be  found  from  equation  (2), 

and  substituting  the  above  values,  we  find 

b =10*14  inches. 

Round  704,  minute  11,287  shows  that  a  shot  of  the  above  nature  indented 
an  11 -inch  unbacked  plate  to  a  depth  of  4*9  inches  and  broke  the  plate  in  two. 

Example  IV. — The  embrasures  of  a  fort  are  protected  with  unbacked  wrought 
iron  plates  of  8  inches  thickness,  with  what  velocity  should  a  250-lb.  hemi- 
spherical-headed rifle  shot  of  8-92  inches  diameter  strike  so  as  to  ensure  pene- 
tion  ?    Here  we  have,  from  equation  (1), 

'4r%* 

and  substituting  the  above  values,  we  find 

v«1197  feet. 

From  this  it  follows  that  if  the  9-inch  rifled  Woolwich  gun  was  fired  Math 
its  service-charge  of  43  lbs.  and  a  250-lb.  steel  shot  it  would  penetrate  an 
unbacked  8-inch  plate  at  about  1200  yards. 

Example  V. — The  12-pounder  B  L  Armstrong  gun  is  fired  with  an  elongated 
steel  shot  of  12-60  lbs.  weight  and  2*90  inches  diameter,  charge  1-5  lb.,  velo- 
city 10,807  feet  at  200  yards  * ;  will  this  projectile  penetrate  a  3-inch  plate 

*  Theae  Yelocitie*  were  nil  obaemd. 


V 


-V 


we  dm  find 
i  of  the  shot's 

i  it  mold  be  Terr 

-f  -  -t^l  x  ~ssc  *oc*t  *as£  sheik  of  1152nw  no^t  and  6*92 
^r^i zr^  -z*  *-£jaII  Vao^wii  rix.  with 2? lbs. charge. 
-_  it—  .z  ~  ^r^  it  i^tic  I3S*  feet.  Ve  lure  a  target. 
~r-i.  z  —  "2r  T"^   a:  ^-i.  jri^filis  £_ed  iron  hesry  gun>. 


T-g^rr  r  r-zr^jr  ^i.a^  Tj^s^i.  Tf  iTunn  31  ^wrforp  of  wood.    Will 

:=.   r-«rr  vf---^-l— t  -as  i  gsi  si»  ""1  <a*  i^rwjg  ffnartttiflreonght 
n_r-w  -i>n  ii^nt  wr„  j  Tinces*  -a*  ^c^rt  should  not  be  ol 

f;it*-7  w.tlj£  >e  saHe  of  penetrants 
!L  if  fr-£  itrws  t.cU  hare  as  great  s 


MJL.  >  iai_x  at  w£L  u~^  rt  if  *i-c  CfB=ar  is  wse  into  tike  haekis?. 
Ijl*  gimrn-.rL  s  *».if— fiMr .  fir  if  w*  ac«K  &r  taaekneas  of  the  pro- 
-  -  imr  ?un*  i»-~"&i  ae  i*-*n^  at  -u^  «cuc  s  »  navifess  that  tike  onh*  remit 
id  i^ur  i  -aittj.  k  r:  w-.jljl  v  a.  .na^ml  — cdkac  r:  wacM  not  sifesiri  whether 

Frmx  f^iBOii  -*- 

rf  jliS*  wiSek  a  shot  of  the  sme  form 
SchsLi^ag  libe  values,  we  find 
»=7v->  isKSHS. 

Frna  :L£s  w»  ***  ^m  &  it^?c  fbrcd  wu*  >-«h  plates  is  unsuitable  for 
t^c=*  ibeijs  rjr;or  t=*  7-i=*£  W*:Cw5e£  gz*  with  the  abort  ehanjt,  tnd, 
■Kr**/*er.  that  »3gs^2±sg:«gasikan7inAes  ahwHb*  themaamnm  taxkitf^ 
«f  pi_ise  if  a  tarr?C  placed  f jt  mcfc  a  [wupmt  at  3W)  Tarda. 

We  rr/^A  fete**  demmtrate  thai  the  *vin*h  target  would  do  tot  veil 
for  krser  prnf-n^fl^«.  ah.  for  insfcisce,  as  those  find  from  the  9-inch  Wool- 
wich emi  of  12  toes. 

Erar.yU  TIL— The  wall  piece  k  fired  with  a  cylindrical  steel  shot  of 
0-344  lb.  weight  and  0->7  inch  diameter  at  a  f-inch  plate,  velocity  on  im- 
pact bein£  1141  feet;  ought  it  to  penetrate  it  ?  and  will  it  abo  penetrate  a 
1-iitth  plate? 

Here  we  have 


o= 


**\n 


4*BgL' 

and  substituting  the  shore  valnes,  we  find 

6=O906  inch. 

The  shot  would  therefore  penetrate  a  f-ineh  plate,  but  not  one  of  1  incK 

That  this  in  correct  we  find  from  the  Tables, 

Example  VIII. — We  wish  to  jtist  penetrate  a  5-5-inch  plate  with  a  solid 
1  hemispherical-headed  shot  of  6-S8  inches  diameter,  fired  from  the  7-inch 
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breech-loading  gun ;  with  what  "  work  "  should  the  projectile  strike  in  order 
to  accomplish  this  ? 
Here  we  hare  by  equation  (1) 

and  substituting  the  values,  we  find  that  the  necessary  "  work  "  or 

W«a 

-s-=905  foot-tons. 

Experiment  gives  906  foot-tons  as  the  "  work  "  necessary. 

It  is  unnecessary  to  give  farther  examples  of  penetration  through  unbacked 
plates;  the  subject  of  backed  plates  will  be  further  considered  when  the 
results  of  experiments  against  various  targets  representing  existing  iron-clad 
slips  have  been  reviewed. 

On  Oblique  Fire. — We  have  hitherto  considered  the  fire  as  being  direct ; 
that  is  to  say,  the  plate  has  been  supposed  to  have  been  placed  perpendicular 
to  the  ground  and  the  gun  to  have  been  so  directed  that  the  plane  in  which 
the  shot  *  moved  was  perpendicular  to  the  face  of  the  plate,  or  nearly  so. 

Let  us  suppose,  however,  that  the  plate  has  been  set  at  an  angle,  or  that  the 
gun  fires  obliquely  at  an  upright  plate.  The  shot  has  then  a  tendency  to 
glance  off  and  continue  its  motion  in  a  new  direction,  and  we  shall  have  the 
fallowing  proportion,  viz.: — 

The  force  with  which  the  shot,  acting  obliquely,  will  strike  is  to  that  with 
which  it  would  strike  if  acting  directly  as  the  sine  of  the  angle  of  incidence  is 
to  unityf. 

Equation  (1)  will  therefore  become 

2g       sina  0  '        l  ' 

and  (2), 

h-v™evza& <6> 

It  appears  from  this  that  the  resistance  of  the  plate  increases  as  the  value 
of  fl  diminishes. 

We  have  already  shown  that  a  4'5-inoh  unbacked  plate,  when  fired  at 
direct,  requires  a  force  represented  by  28  foot-tons  per  inch  of  shot's  circum* 
ferenoe  to  ensure  penetration. 

Let  us  suppose,  however,  that  we  place  the  plate  in  such  a  position  that  it 
makes  an  angle  of  38°  with  the  ground.  From  equation  (4)  we  find  that  the 
force  required  to  penetrate  it  in  this  position  amounts  to  1445  foot-tons  for  a 
shot  of  6*22  inches  diameter,  or  73*9  foot-tons  per  inch  of  the  shot's  circum- 
ference. We  may  expect,  therefore,  that  a  less  force  will  not  penetrate  a 
4'5-inch  unbacked  plate  placed  at  an  angle  of  38°. 

An  experiment  of  this  nature  was  actually  tried  by  the  Armstrong  and 
Whitworth  Committee ;  they  caused  4'5-inch  plates  to  be  set  up  at  an  angle 
of  52°  with  the  vertical,  and  fired  at  them  from  200  yards  distance  with  the 
competitive  Armstrong  and  Whitworth  guns. 

It  appears  that  the  projectiles  were  solid  steel  shot  of  70  lbs.  weight  and 
6-34  inches  diameter,  that  they  struck  with  a  "  work  "  of  1049  foot-tons  or 

♦  The  shot  is  assumed  to  hare  no  lateral  deviation. 

t  Hat  is,  the  shot  striking  in  a  slanting  direction  may  be  supposed  to  hare  opposed 
to  it  a  plate  of  a  thickness  equal  to  the  diagonal  formed  by  the  line  of  direction* 
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52*7  tons  per  inch  of  shot's  circumference,  and  that  they  failed  to  pass  Ou-oinjh, 
although  the  plate  was  cracked  and  opened  at  the  hack. 

The  Special  Committee  on  Iron  carried  out  some  experiments  with  a  wall- 
piece,  firing  steel  flat-headed  shot  at  j-inch  unbacked  plates  placed  at  various 
angles. 

The  wall-piece  is  able  to  pierce  this  plate  in  an  upright  position,  but  it 
failed  to  do  so  in  any  case  when  the  plate  was  at  an  angle.  It  is  a  pity  this 
experiment  was  not  continued  with  different  thicknesses  of  plates,  as  the 
present  results  do  not  afford  sufficient  data. 

The  results  of  experiments  with  this  wall-piece  have  proved  that  much 
valuable  information  may  be  obtained  at  a  comparatively  trifling  expense. 

Although  it  would  be  of  advantage  to  carry  out  further  experiments  on 
the  effect  of  fire  directed  obliquely  against  iron  defences,  still  we  have  suffi- 
cient evidence  to  prove  that  the  power  of  resistance  is  much  increased  by 
placing  the  target  at  an  angle.  This  result  is  in  favour  of  turrets  or  cupol&$ 
for  sea  and  land  defences,  as  there  is  a  great  probability  that  such  structure* 
will  be  struck  obliquely. 

It  is  also  in  favour  of  protecting  gnns  by  iron  shields  placed  at  a  slope. 
and  not  upright. 

The  effect  of  Cast-iron  Projectiles  as  compared  with  Steel  of  the  same  set 

and  farm. 

The  difference  between  the  effects  of  cast  iron  and  steel  shot  is  mo*t 
marked.  The  latter  material  is  the  nearest  approach  to  perfect  haidnesa 
and  cohesion  which  we  have  been  able  to  procure,  and  the  amount  of  work 
expended  on  the  shot  is  less  with  steel  than  any  other  known  material. 
With  ordinary  cast  iron  a  very  large  amount  of  "  work  "  is  expended  in 
breaking  up  the  projectile,  and  hurling  the  fragments  in  all  directions.  Wben 
steel  shot  are  manufactured  in  the  best  possible  manner,  very  little  "  wort  " 
is  expended  on  the  projectile;  and  in  one  instance  a  12-pounder  Whitworth 
steel  shot  was  of  such  perfect  material  that,  after  passing  through  2£  inch* 
of  solid  iron,  its  temperature  was  apparently  unaltered,  and  its  form  so  slightly 
changed  that  it  might  have  been  fired  from  the  gun  a  second  time.  8eWnl 
experiments  have  been  instituted  with  a  view  of  ascertaining  the  amount  of 
work  lost  by  the  breaking  up  of  cast  iron,  alteration  of  form  of  steel  shot  <fcc. 

Sir  William  Armstrong  endeavoured  to  treat  the  question  by  an  applica- 
tion of  the  dynamic  theory  of  heat  Having  fired  projectiles  of  variom 
materials  against  iron  plates,  he  attempted  to  measure  the  quantity  of  heat 
generated  by  the  concussion. 

This  method  was  very  ingenious,  but  most  difficult  to  carry  oat;  and  the 
results  of  such  trials  can  only  be  looked  upon  as  approximate. 

The  conclusions  drawn  by  Sir  William  Armstrong  from  his  experiments 
were  as  follows: — 

1st.  With  hard  and  well-tempered  steel  shot  the  "  work  "  expended  on 
the  projectile  was  about  one-tenth  of  the  total  work  in  the  shot  on  impart 

2nd.  With  soft  steel  the  "  work  "  expended  on  the  projectile  was  abort 
two-tenths  of  the  whole  "  work." 

3rd.  With  soft  wrought  iron  it  amounted  to  nearly  one-half. 

These  experiments  are  alluded  to  in  the  memorandum  on  this  subject  by 
Professor  Pole,  F.R.S.,  published  in  the  Report  of  the  Special  Conunittiv 
on  Iron,  1862,  p.  30. 

If  we  examine  the  results  of  the  various  experiments  in  which  cast-iron  pro- 
jectiles were  used  in  comparison  with,  or  under  the  same  circumstance  as,  rt*>l 
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shot,  we  shall  find  that  in  almost  every  instance  where  the  projectiles  were 
moving  at  a  velocity  not  exceeding  1200  feet,  the  cast-iron  shot  may  be 
said  to  require  about  2£  times  the  "  work  "  necessary  to  effect  the  same 
amount  of  perforation  with  steel  shot.  When,  however,  the  velocity  of  the 
cast-iron  shot  is  very  high,  this  proportion  is  reduced  to  about  1*7.  This 
latter  result  is  due  to  the  influence  which  the  element  velocity  has  in  the 
penetration  of  cast-iron  shot.  If  we  suppose  two  cast-iron  projectiles  to  be 
of  the  same  form  of  head  and  diameter,  and  to  be  animated  with  the  same 
amount  of  energy  or  "  work,"  consisting  in  one  case  of  a  heavy  shot  and 
low  velocity,  and  in  the  other  of  a  light  shot  and  high  velocity,  the  effect 
of  these  projectiles  will  be  very  different. 

The  damage  in  the  case  of  the  low  velocity  will  be  spread  over  a  larger 
surface,  and  the  absolute  indent  will  be  small ;  while  in  the  case  of  the  high 
Telocity  the  effect  will  be  confined  to  the  immediate  neighbourhood  of  the 
point  of  impact,  and  the  result  will  be  a  deep  indent.  This  result  with  cast- 
iron  shot  is  so  well  known  that  it  seems  almost  needless  to  allude  to  it ;  we 
may,  however,  select  one  or  two  examples  for  record. 

Thus  the  *  Bellerophon '  target  was  struck  by  two  projectiles  fired  from 
the  10-5-inch  gun  (rounds  717-719).  The  first  consisted  of  a  spherical 
shot  of  150  lbs.,  moving  with  a  velocity  of  1547  feet,  and  a  consequent 
"  work  "  of  76  foot- tons  per  inch  of  shot's  circumference ;  the  second,  of  an 
elongated  shot  of  308  lbs.,  moving  with  a  velocity  of  1090  feet,  and  consequent 
"work  "  of  77  foot-tons  per  inch  of  shot's  circumference. 

In  the  first  instance  the  indent  was  5  inches,  and  the  damage  was  con- 
fined to  the  point  struck.  In  the  second  instance  the  indent  was  1-6  inch, 
bat  the  plate  was  cracked  and  bulged  over  a  large  area. 

The  following  Table  shows  the  absolute  thickness  of  plate  which  can  be 
penetrated  by  cast-iron  shot  fired  from  various  guns  with  service-charges : 
the  guns  were  at  a  distance  of  100  yards  from  the  plates,  with  the  excepr 
lion  of  the  68-pounder,  which  was  at  200  yards  (see  Appendix,  Table  X.) : — 

Table  YII. — Showing  the  difference  between  the  effects  produced  by  cast- 
iron  and  steel  shot,  when  fired  at  iron  plates. 


Thickness 

of 

plate. 

1 

Foot-tons  per  inch  of  shot's 

circumference  required  for 

absolute  penetration. 

Differ- 
ence. 

Proportional 

excess  for 

cast-iron 

shot. 

Bemarks. 

Cast-iron 
shot*. 

Steel 
shott. 

S    inches. 

1-286 

1     1-803 

,     2350 

2820 

3850 

5-63 
11-05 
1832 
25-32 
3530J 

2-29 

4-49 

7-64 

11-00 

20-50 

334 

6*56 

10-68 

14-32 

14-80 

2-517 
2-461 
2-398 
2-302 
1-722 

Prom  results  with 
6-pr.  B  L  rifled  gun. 
12      „ 
20      „ 

40       m                it 
68-pr.  smooth-bore. 

If  we  compare  the  results  given  by  this  Table  with  the  effect  of  steel  pro- 
jectiles, it  will  appear  that  the  cast-iron  shot  requires  about  2£  times  the 
>,work"  of  the  steel  shot  to  effect  the  same  penetration,  except  where  the 
velocity  of  the  cast-iron  shot  is  large.  This  Table  has  been  drawn  up  with 
a  view  of  showing  the  difference  in  effect  of  cast  iron  in  comparison  with 
steel  shot 

*  From  actual  experiment  on  plates  of  various  thicknesses. 

t  Deduced  from  experiments  with  various  guns  at  plates  of  5*5,  4*5,  3-5,  3*0,  and  25 
inches  thickness.  |  Shot  moving  at  a  high  velocity. 

1866.  2  e 
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On  the  Material  and  Proper  Form  of  Projectile*  for  the  Penetration  of  Iron 

Defence*. 

We  have  already  seen  that  it  is  almost  useless  to  fire  cast-iron  projec- 
tiles against  iron  defences  if  penetration  is  required ;  it  will  therefore  be 
necessary  to  use  a  material  which  will  effect  oar  purpose  at  a  moderate  cost. 

Steel  is  a  most  expensive  material  for  shot ;  and  as  we  have  proved  that 
Palliser's  chilled  iron  is  almost,  if  not  entirely,  as  good  as  steel,  all  our 
projectiles  for  battering-purposes  will  most  probably  be  made  of  this  material. 
The  proper  form  of  front  or  head  to  be  given  to  hardened  projectiles  for  use 
against  iron  plates  is  a  subject  of  much  importance.  Various  forms  have 
been  proposed  for  this  purpose. 

Mr.  Whitworth  relies  on  the  flat-headed  form,  while  most  of  Sir  Wm. 
Armstrong's  projectiles  have  been  round-headed  or  hemispherical;  Major 
Palliser  has  used  elliptical  heads,  and  lately,  in  the  projectiles  for  the  13- 
inch  gun,  a  sharp-pointed  form.  The  flat-headed  form  is  supposed  to  be 
right,  because  it  is  generally  used  as  the  form  of  a  punch.  But  although 
a  flat-headed  punch,  when  used  with  a  die,  will  make  a  nice  clean  hole  in  a 
plate  of  iron,  it  by  no  means  follows  that  a  sharp-pointed  or  "  centre  "  punt -h 
will  not  make  a  rugged  hole  of  equal  size,  with  the  same,  if  not  greater  ease 

The  manufacturer  uses  the  flat-headed  punch  in  order  that  he  miy  be 
enabled  to  cut  out  a  dean  hole ;  but  the  artilleryman  does  not  care  what 
shaped  hole  he  makes  so  as  it  is  made ;  and  if  he  has  a  preference  at  all, 
it  is  for  a  rugged  hole  which  it  is  difficult  to  mend  or  plug  up. 

We  find  in  practice  that  the  pointed  form  is  the  best  for  the  artillery- 
man, particularly  when  the  iron  plates  are  backed  by  wood. 

A  consideration  of  the  result  of  firing  at  a  backed  target  will  make  this 
evident. 

The  flat-headed  or  round-headed  shot  punches  out  a  piece  of  the  armour 
plate,  and  drives  it  into  the  backing ;  the  shot,  however,  has  no  means  of 
ridding  itself  of  this  piece  of  armour  plate,  and  consequently  it  has  to  ptf& 
it  in  front  of  it  through  the  backing.  Thus  in  targets  penetrated  by  flat- 
headed  or  round-headed  shot,  we  invariably  find  that  the  piece  of  armour 
plate  has  passed  through  the  target  along  with  the  shot.  It  is  needless  to 
remark  that  this  piece  of  jagged  armour  plate  must  greatly  increase  the 
resistance  which  the  shot  meets  in  passing  through  the  backing. 

When,  however,  the  shot  is  of  the  form  of  a  pointed  ogival,  the  results 
of  its  action  are  far  different:  this  projectile  cuts  through  the  armour 
plate,  or  rather  tears  it  through,  and  the  plate  is  bent  back  and  forced  into 
the  backing  round  the  edge  of  the  hole.  The  shot  thus  passes  through  the 
backing  without  carrying  any  jagged  armour  in  front  of  it*. 

A  very  good  illustration  of  this  was  obtained  in  the  practice  with  the 
13-inch  ML  gun  at  the  'Hercules'  target;  and  the  photographs  of  the 
target  taken  when  the  plates  were  removed  show  the  effect  in  the  most  marked 
manner. 

Round  1141 :  a  steel  round-headed  shot  penetrated  the  lower  or  8-inch 
plate  of  the  *  Hercules,'  forcing  the  piece  of  plate  against  the  backing.  On 
the  plate  being  removed,  this  piece  of  iron  was  found  exactly  as  the  *hct 
had  punched  it  out,  and  endeavoured  to  force  it  forward.  The  total  pene- 
tration or  indent  was  about  13  inches. 

Bound  1145 :  a  chilled  iron  pointed-headed  shot  also  struck  the  8-inch 

*  In  practice  with  ogival-headed  shot  we  seldom,  if  ever,  find  that  any  part  of  the 
armour  plate  has  passed  through  the  target  with  the  projectile. 
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plate  and  tore  through  it,  bending  the  edges  of  the  plate  back,  and  forcing 
them  laterally  into  the  backing.  The  penetration  in  this  case  was  22  inches ; 
and  if  the  shot  had  been  a  perfect  casting  it  would  probably  have  had  a 
greater  effect. 

We  see  also  from  Table  XII.,  in  the  Appendix,  how  much  greater  penetration 
was  obtained  by  a  steel  shell  with  a  solid  head  in  the  form  of  a  pointed 
ogiral,  than  where  this  form  was  not  used. 

There  is  another  disadvantage  which  the  blunt-headed  form  labours  under, 
viz.  the  tendency  to  "  set  up "  or  bulge  at  the  head ;  and  this  result  is 
often  very  marked.  A  pointed  head,  on  the  contrary,  does  not  "  set  up  " 
to  anything  like  the  same  extent,  and  almost  all  those  which  have  been 
fired  have  preserved  their  points  intact  after  passing  through  the  plates. 

On  the  whole,  it  may  be  said  that  in  the  case  where  the  projectile  ought 
to  be  capable  of  piercing  the  plate  or  target  there  is  little  difference  between 
the  effects  of  a  flat  head  and  a  hemispherical  head ;  but  when  the  target  is 
l*yond  the  power  of  the  shot  the  hemispherical  head  makes  the  deepest  indent. 
This  is  clearly  shown  in  the  case  of  the  experiments  with  a  wall-piece  at  a 
4  o-inch  unbacked  plate,  and  12-pounder  Armstrong  and  Whitworth  guns,  at 
the  Scott-Russell  target.  In  every  case  where  the  target  could  not  be  pene- 
trated, the  round  gave  a  deeper  indent  than  the  flat  head. 

The  Tables  in  the  Appendix  give  the  results  of  some  late  experiments, 
*hich  clearly  show  the  great  superiority  of  the  pointed  head. 

In  these  experiments,  both  steel  and  Palliser's  chilled  shot  were  used. 
All  the  projectiles  were  fired  from  the  same  gun,  under  the  same  circum- 
stances, the  velocity  of  each  round  being  observed.  The  targets  consisted 
of  a  strong  structure,  representing  the  side  of  an  iron-clad  vessel  protected 
W  solid  plates  of  6  inches  thickness,  backed  by  18  inches  of  compact  teak, 
an  iron  akin  of  two  half-inch  plates,  the  usual  iron  ribs,  <fcc.  A  second 
target  of  unbacked  4-5-inch  plates,  inclined  at  an  angle  of  38°  with  the 
ground,  was  erected  at  the  same  distance. 

The  projectiles  were  of  a  mean  weight  of  115  lbs.,  and  of  the  following 
forms  of  head,  viz. : — 

For  Palliser's  Chilled  Shot. 

1.  Ogival,  head  struck  with  a  radius  of  1  diameter,  and  brought  to  a  point. 

2.  Belgian  form,  head  struck  with  a  radius  of  1*47  diameter,  and  pointed 
in  the  shape  of  a  cone. 

3.  Elliptical,  the  height  of  the  ellipse  being  equal  to  the  diameter  of  the 
projectile. 

.  For  Steel  Shot. 

1.  Hemispherical. 

2.  Ogival,  head  struck  with  a  radius  of  1  diameter,  and  brought  to  a 
point.    See  Table  XL,  in  the  Appendix,  round  1186  to  1201. 

From  this  it  appears — 

1st.  That  hemispherical-headed  steel  shot,  striking  the  box  target  with 
a  "  work "  of  68  tons  per  inch  of  shot's  circumference  failed  to  penetrate 
completely:  this  result  might  be  expected,  as  from  calculation  it  would 
require  about  82  tons  per  inch  of  circumference  to  send  a  hemispherical- 
headed  shot  completely  through  such  a  structure. 

2nd.  That  ogival-headed  steel  shot,  the  head  being  brought  to  a  point, 
striking  the  above  target  with  a  "  work  "  of  68  tons  per  inch  of  shot's 
circumference,  penetrated  completely,  with  some  remaining  force  left. 

3rd.  That  pointed  chilled  shot,  striking  the  above  target  with  a  "  work  "  of 

2i2 
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66  tons  per  inch  of  shot's  circumference,  penetrated  completely,  and  were  fullj 
equal  to  the  steel. 

4th.  That  elliptical  or  blunt-headed  chilled  shot,  striking  the  above  target 
with  a  "  work  "  of  66  tons  per  inch  of  shot's  circumference,  failed  to  pene- 
trate completely,  the  indent  being  about  equal  to  that  made  by  the  hemi- 
spherical-headed steel  shot. 

5th.  That  ogival-pointed  chilled  shot  striking  the  4-5-inch  unbacked 
plates,  inclined  at  angle  of  38°  with  the  ground,  with  a  "  wort "  of  6G 
tons  per  inch  of  shot's  circumference,  penetrated  completely. 

6th.  That  the  same  shot  with  the  Belgian  coned  head  failed  to  penetrate. 

7th.  That  it  would  require  a  "  work  "  of  above  70  tons  per  inch  of  shot's 
circumference  to  send  a  hemispherical-headed  steel  shot  completely  through 
4-5-inch  unbacked  wrought-iron  plates,  inclined  at  an  angle  of  38°  with 
the  ground.  Such  a  structure  therefore  presents  a  greater  obstacle  to  com- 
plete perforation  than  the  *  Warrior '  target  if  fired  at  direct. 

Sufficient  experiments  have  not  yet  been  made  with  pointed  shot  to 
enable  us  to  determine  the  value  of  k  for  this  form  of  projectile  with  any 
great  exactness. 

It  is  probable,  however,  that  Jc  for  pointed  shot  will  be  found  to  be  slboui 
four-fifths  of  that  for  hemispherical-headed  projectiles,  when  the  target  ia 
backed,  or 

y    «|*. 

V    =i  5357200. 

k*    =4285760. 

Spherical  versus  Elongated  Projectiles. 

The  experiments  against  iron-plated  targets  have  clearly  demonstrated 
the  immense  superiority  of  elongated  over  spherical  projectiles,  when  the 
shot  or  shell  are  made  of  a  hardened  material.  Elongated  projectiles  have 
been  found  to  bo  less  liable  to  alter  their  shape  on  impact ;  and  the  cylin- 
drical form  is  much  better  adapted  for  steel  shells,  which  as  spherical  would 
bo  almost  worthless.  The  best  form  of  steel  shell  known  at  present  is  the  steel 
solid-headed  shell,  the  head  being  ogival  and  moveable,  so  as  to  offer  the 
least  resistance  to  the  action  of  the  bursting  charge  in  the  forward  direction. 

The  chief  characteristics  of  this  projectile  are : — its  solid  pointed  head, 
which  penetrates  or  punches  a  hole  in  the  armour,  and  so  permits  the 
powder  to  explode  in  the  backing4;  and  the  construction  of  the  head 
which  renders  it  very  strong  when  acted  on  by  a  force  from  the  outside, 
but  weak  when  subject  to  pressure  from  within ;  it  is  thus  easy  for  the 
bursting  charge  to  blow  the  head  forward  through  the  backing  and  inner  skin. 

The  form  of  this  projectile  is  also  well  adapted  for  the  use  of  gun-cotton 
as  a  bursting  charge,  the  cotton  being  made  up  in  the  improved  manner, 
viz.  disks  of  pulp.  These  shells  having  been  first  proposed  by  Captain  EL 
J.  Anderson,  It.  A.,  are  known  as  the  "  Alderson  shell ; "  and  Table  XIII.  (in 
the  Appendix)  shows  what  success  attended  their  use  (rounds  1048-1050). 

It  is  believed  that  Sir  William  Armstrong  was  tho  first  to  point  out  the 
advantage  to  be  gained  by  causing  the  powder  to  act  in  a  forward  direction  ; 
and  the  steel  shells  known  as  the  "Armstrong  pattern"  are  thus  made. 
All  these  shells,  however,  are  furnished  with  hollow  cast-iron  heads  or  caps, 
and  their  penetration  is  inferior  to  the  shells  with  solid  steel  heads. 

*  Sec  R.  A  Institution  Proceedings,  vol  iii.  page  71?  lino  21. 
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On  the  Penetration  into  Unbacked  Plates. 

We  have  hitherto  considered  the  effects  due  to  absolute  penetration  or 
perforation,  that  is,  when  a  clean  hole  is  made  through  the  iron  plate.  Let 
us  now  examine  the  results  of  various  experiments  where  the  effect  was  to 
bend  and  indent  the  plate  in  consequence  of  the  force  not  being  sufficient  to 
perforate  it. 

The  Tables  in  the  Appendix  give  the  results  of  various  experiments  at  un- 
backed plates. 

From  these  Tables  it  appears  that,  when  the  shot  is  unable  to  perforate,  the 
effects  are  very  variable  and  difficult  to  compute. 

Thus  the  total  effect  or  "  work  done  "  by  round  986  was  made  up  of  the 
following  items: — 

1st.  Indent  2*3  inches. 

2nd.  "  Work  "  expended  in  cracking  indent. 

3rd.  "Work  "  in  cracking  and  bulging  rear  of  plate. 

4th.  "  Work  "  in  cracking  the  head  of,  and  "  setting  up  "  the  shot  from  7*4 
inches  to  6*74  inches. 

Again,  we  hare,  round  993,  fired  under  the  same  circumstances : — 

1st  Indent  2'2  inches. 

2nd.  "Work"  expended  in  twisting  tho  shot,  cracking  its  head,  and 
reducing  its  length  from  7*4  to  6-5  inches. 

Here  no  "  work  "  was  expended  in  cracking  tho  indent  or  the  back  of  the 
plate,  but,  on  the  other  hand,  the  shot  was  more  distorted  in  form,  and  more 
reduced  in  length. 

It  would  be  difficult  to  reduce  such  results  to  any  law,  unless  wo  wore  pos- 
sessed of  data  furnished  by  a  number  of  carefully  conducted  experiments 
made  with  shot  of  the  same  form  and  quality,  and  plates  of  equal  strength. 

It  is  submitted,  however,  that  the  knowledge  of  how  far  a  shot  will  penetrate 
wto  an  iron  plate  is  of  little  practical  value.  We  can  determine  with  a  close 
degree  of  approximation  whether  it  will  penetrate  through  tho  plate  or  not ; 
and  that  is  the  chief  point.  It  is,  however,  interesting  to  observe  the  differ- 
ence between  the  way  in  which  the  work  is  done  in  the  two  cases,  viz.  when 
the  plate  can  bo  perforated,  and  when  it  cannot. 

Thus  round  986,  with  a  work  of  about  102  foot-tons,  only  penetrated  to  a 
depth  of  2-3  inches  in  a  3-inch  plate,  whereas  it  would  have  perforated  the 
plate  if  the  work  had  been  1 14  foot-tons. 

The  68-pounder  smooth-bore,  firing  solid  steel  spherical  shot  with  16-lb. 
charges,  could  perforate  a  5-inch  plate,  but  would  only  penetrate  to  a  depth  of 
about  3  inches  in  a  5  J -inch  plate. 

The  effects  of  tho  wall-piece,  firing  steel  flat-headed  shot,  are  very  strange. 
Thus  this  projectile  can  penetrate,  at  25  yards,  all  plates  up  to  and  including 
]-inch ;  it  fails  to  penetrate  an  inch  plate,  and  indents  it  0*28  inch,  but  it 
indents  a  5-inch  plate  almost  as  much  ;  and  there  is  no  difference  whatever 
between  the  indent  in  a  5-  and  a  4-inch  plate.  This  seems  to  prove  that 
anything  above  a  4-inch  plate  may  be  regarded  as  being  of  infinite  thickness, 
relatively,  to  a  wall-piece  projectile. 

Examination  of  the  Results  of  various  Experiments  against  Targets  repre- 
senting Iron-clad  Vessels. 

The  experiments  before  detailed  have  indicated  that  tho  comparative  effect 
produced  on  iron  defences  by  steel  shot  can  be  very  closely  represented  by 
too  vie  viva  of  the  projectile  on  impact— and  that  it  is  of  little  importance 
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whether  this  vis  viva  be  the  result  of  a  heavy  shot  and  a  low  velocity,  or  a  light 
shot  and  a  high  velocity.  Thus  the  10-5-inch  gun  with  a  spherical  steel  shot 
of  165  lbs.,  and  a  charge  of  35  lbs.,  gives  a  striking-velocity  at  200  yards  of 
1470 feet,  and  a  "  work  "  on  impact  at  200  yards  of  2472  foot-tons*. 

If  the  same  gun  be  fired  with  an  elongated  steel  shot  of  300  lbs.  and  charge 
of  35  lbs.,  the  "  work  "  will  be  practically  the  same  at  200  yards,  vii.  2472 
foot-tons. 

The  effect  of  these  two  projectiles  may  therefore  be  assumed  to  be  equal ; 
that  is,  either  of  them  would  punch  the  same  hole. 

This,  however,  is  only  true  in  the  case  of  projectiles  of  the  same  diameter ;  it 
would  not  hold  good  if  the  comparison  had  been  made  between  a  shot  of  10-5 
inches  diameter,  and  a  shot  of  922  inches  diameter.  It  is  also  necessary  that  the 
shape  of  the  head,  or  front  part  of  the  shot,  should  be  the  same  in  both  cases. 
Thus,  when  a  comparison  is  made  between  a  spherical  and  a  cylindrical  shot, 
the  head  of  the  latter  should  be  hemisphericaL  If  the  cylindrical  head  be 
pointed  or  elliptical,  it  will  have  a  certain  advantage  over  the  spherical  form. 
In  the  experiments  with  steel  projectiles  which  have  taken  place  in  this 
country  up  to  the  present  time,  the  form  of  the  head  has  been,  generallj 
speaking,  hemispherical ;  the  effects  there  are  fairly  comparable. 

It  has  been  said  that  the  diameters  of  the  shot  should  be  the  same,  in  order 
to  ensure  a  direct  comparison.  Recent  experiments,  however,  hare  shown + 
that  with  projectiles  of  different  diameters  the  vis  viva  should  vary  as  the 
diameter  nearly.  That  is  to  say,  the  force  required  to  punch  a  10'5-inch  hole 
is  to  the  force  required  to  punch  a  9 -22 -inch  hole  as  10*5  is  to  9*22  nearly ; 
so  that,  if  it  be  found  that  2472  foot-tons  are  required  to  send  a  105-inch 
projectile  through  the  side  of  an  iron-clad,  the  same  effect,  as  regards  pene- 
tration, will  be  produced  by  2171  foot-tons  in  the  case  of  a  9-22-inch  pro- 
jectile. 

Let  us  now  examine  some  of  the  principal  experiments  which  have  taken 
place  in  this  country  in  relation  to  iron-clad  sea  defences  J. 

In  the  remarks  on  these  structures  and  the  effects  observed,  the  following 
points  will  be  chiefly  attended  to,  viz. : — 

1st.  Experiments  against  targets  which  represent  actual  sea -going  vessels. 

2nd.  The  effects  produced  by  guns  of  those  calibres  only  which  are  likdy 
to  be  carried  on  board  ship. 

3rd.  In  most  cases,  solid  steel  shot. 

The  accompanying  brief  description  of  the  several  targets  alluded  to  in  the 
Tables  is  inserted  here  for  reference. 

Warrior. — This  target  represented  a  portion  amidships  of  the  frigate  of  that 
name.    It  is  a  specimen  of  an  iron  armour-plated  ship. 

*  The  vis  viva  of  a  body  in  motion  is  the  whole  mechanical  effect  which  it  will  produce 
in  being  brought  to  a  state  of  rest,  without  regard  to  the  time  occupied ;  and  it  varie*  a* 
the  weight  of  the  body  multiplied  by  the  square  of  its  velocity. 

This  mechanical  effect,  or  "  work"  accumulated  in  the  moving  body,  is  represented  by 
the  weight  which  it  is  capable  of  raising  1  foot  high,  and  is  equal  to  the  weight  of  tic 
moving  bodymultiplied  by  the  square  of  its  velocity,  and  divided  by  twice  the  forts  of 

gravity,  or  J_- . 

Thua,  if  a  shot  of  165  lbs.  weight  be  moving  with  a  velocity  of  1470  feet  per  second,  the 
"  work  "  accumulated  in  it  will  be  represented  by 

165  x  1470  X  1470, 
2  x  32 1908 
which  is  equal  to  5538048  lbs.,  or  2472  tons.     That  is  to  say,  the  force  stored  op  in  this 
shot  is  capable  of  lifting  a  weight  of  2472  tons  1  foot  high. 
t  See  Table  III.  J  See  foblea  in  Appendix. 
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The  following  are  the  scantlings : — f-inch  iron  skin  laid  on  the  18-inch 
iron  ribs  of  the  ship ;  18-inch  teak  backing  composed  of  timbers  9"  x  9",  the 
inner  tier  being  laid  horizontally,  the  onter  tier  vertically;  4£-inch  iron 
armour  plates.     The  whole  supported  by  strong  diagonal  braces. 

The  iron  armour  plates  were  tongued  and  grooved. 

Minotaur. — This  target  consisted  of  3  plates,  5*5  inches  in  thickness. 

The  backing  consisted  of  9  inches  of  teak,  and  the  inner  skin  similar  to 
1  Warrior.' 

Each  plate  was  fastened  by  three  rows  of  bolts,  the  upper  and  lower  rows 
being  1-75  inch  diameter,  and  the  centre  row  1*5  inch.  The  majority  of 
the  bolts  went  completely  through,  having  double  nuts  on  the  inside ;  but 
some  of  them  were  screwed  into  the  teak  backing,  being  in  fact  only  large 
wood  screws.  Strips  of  iron,  1-25  inch  thick,  were  placed  in  rear,  at  the 
junction  of  the  plates,  the  upper  strip  being  16  inches  wide,  the  lower  strip 
10  inches  wide. 

The  supports  in  rear  were  similar  to  that  of  the  *  Warrior '  target.  It 
appears,  therefore,  that  this  target  differs  from  the  '  Warrior '  by  the  sub- 
stitution of  1  inch  of  armour  plate  for  9  inches  of  teak  backing. 

BelUrophm. — Each  frame  of  the  target  was  made  of  an  angle-iron  10" 
X  3 Jw  x  £",  and  two  angle-irons  3£"  X  3£"  x  |",  rivetted  together.  To  the 
double  angle-irons  of  this  frame,  the  skin,  which  was  composed  of  two  thick- 
nesses of  £"  plating,  making  together  l|",  with  a  layer  of  painted  canvas 
between,  was  rivetted. 

On  the  outside  of  the  skin  plating  four  horizontal  angle-iron  stringers  were 
attached,  two  under  the  upper  armour  plate,  9£"  x  3£"  x  £",  the  broad 
flange  being  square  to  the  skin,  and  not  reaching  out  to  the  armour  by  half 
an  inch ;  the  other  two  were  placed  behind  the  lower  plate,  10"  x  3£"  x  £". 
The  breadth  of  the  broader  flange  being  thus  equal  to  the  backing,  it  rests 
against  the  armour.  The  wood  backing,  10"  thick,  was  worked  longitudinally 
on  the  skin  plating,  and  between  the  angle-iron  stringers,  and  bolted  with 
nut-and-screw  bolts  through  the  skin  plating.  The  armour  consisted  of 
two  rolled  plates,  6"  thick,  weighing  upwards  of  9  tons  each.  The  upper 
armour  plate  was  bolted  with  2|-inch  bolts,  the  lower  plate  with  2j"  bolts. 
The  bolts  ran  through,  and  were  secured  by  nuts  and  washers.  In  erecting 
the  target,  care  was  taken  to  support  it  behind  with  beam  ends,  &c. ;  so  that 
the  actual  condition  of  the  proposed  ship's  side  was  approximated  to  as  closely 
as  possible*. 

Lord  Warden. — This  target  represents  the  ordinary  construction  of  a 
wooden  ship,  armour-plated,  with  the  addition  of  a  thick  iron  skin  worked 
outside  of  the  frame-timbers  of  the  ship. 

The  following  are  the  scantlings : — Frame-timbers  moulded,  12£"  ;  iron 
diagonal  riders  connecting  the  frame-timbers,  6"  by  1£" ;  inner  planking 
8"  thick ;  iron  skin  1£"  thick ;  outside  planking  10"  thick ;  rolled  armour 
plates  4*5  inch  thick. 

Armour-plate  bolts  2£"  diameter. 

Iron  washers  were  placed  under  the  bolt-heads,  and  rested  on  india- 
rubber  washers,  tho  latter  being  let  into  the  timber. 

II  II 

Deck-beams,  lower „ 15  by  12 

„         upper     16  by  16 

Waterway,  lower    15  by  15 

„        upper   13  by  14 

*  Transactions  and  Reports  of  the  Special  Committee  on  Iron,  page  19&V  1863. 
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Deck-planking,  lower    4 

„  upper    4 

Iron  knees  to  each  beam. 

Small  Plate. — This  target  represents  the  ordinary  construction  of  a  wooden 
ship  armour-plated,  the  armour  plates  being  of  small  area,  and  secured  by 
large  wood  screws.  The  target  was  faced  with  four  rows  of  plates  of  the 
following  dimensions :— 

Two  upper  rows 5  9  X  2  7  X  4-75 

Two  lower  rows 5  9x25x59 

The  following  are  the  scantlings : — Timber  frames  11" ;  inner  planking 
6" ;  outside  planking  10". 

The  target  was  furnished  with  deck-beams,  waterway,  and  deck-planking. 
Massive  wooden  knees  to  each  beam. 

The  Hercules. — This  was  the  strongest  target  ever  fired  at  at  at  Shoehmy- 
ness ;  indeed,  it  is  probable  that  a  structure  of  such  immense  strength  has 
never  yet  been  tried  in  any  other  country. 

The  upper  half  of  the  target  was  faced  with  a  wrought-iron  plate  9  inches 
thick,  and  the  lower  half  with  a  similar  plate  8  inches  thick.  Behind  both 
plates  was  a  compact  backing  consisting  of  12-inch  timber,  laid  horizontally, 
and  divided  by  four  horizontal  iron  plates  placed  edgewise.  This  backup 
rested  against  a  skin  of  two  f "  plates.  The  whole  was  secured  to  the  iron 
ribs,  which  were  10  inches  deep,  with  vertical  timber  worked  in  between 
them.  Behind  the  ribs  were  two  linings  of  horizontal  timber  18  inches 
deep,  confined  by  7-inch  iron  ribs  inside  all,  and  an  inside  iron  skin.  The 
armour  plates  were  secured  by  3-inch  bolts. 

The  total  thickness  of  the  target,  wood,  and  iron,  exclusive  of  the  7-bch 
inside  ribs,  was : — At  top,  51*25  inches ;  at  bottom,  47*25  inches.  It  may 
easily  be  imagined  that  a  structure  such  as  this,  4  feet  thick,  presented 
a  very  serious  obstacle  to  the  passage  of  any  nature  of  projectile. 

Mr.  Chalmers's  Target. — This  target  was  composed  of  3*  75-inch  hammered 
armour  plates,  with  a  compound  backing  10*75  inches  thick,  formed  of 
horizontal  layers  of  wood  and  iron  plates.  Behind  this  was  a  second  armour 
plate  1-J  inch  thick,  with  a  cushion  of  timber  3*75  inches  thick  between  it 
and  the  f -inch  plate,  which  formed  the  skin  of  the  ship. 

The  iron  plates  used  in  the  backing  were  f-inch  in  thickness,  and  5  inches 
apart  from  centre  to  centre. 

The  armour  plates  were  secured  by  through  bolts. 

7£-inch  Target — This  target  consisted  of  a  7*5-inch  rolled  armour  plate 
11'  9"*25  X  3'  8"/37  x  7"*5,  backed  by  7  inches  of  wood,  and  secured  to 
the  frame  of  Mr.  SamudVs  target*  (2 J  inches  thick),  the  plates  being  secured 
by  2£-inch  conical-headed  bolts  with  double  nuts. 

6£-Inch' Target. — This  target  consisted  of  a  6£-inch  rolled  armour  plate, 
backed  by  17  inches  of  wood,  and  on  *  Warrior '  skin  and  frame  t. 

Portsmouth  A. — This  target  consisted  of  a  rolled  armour  plate  5-5  inches 
thick,  bolted  to  the  sides  of  a  wooden  line-of-battle  ship.  The  backing  was 
therefore  about  25  inches  of  oak. 

Portsmouth  B. — Exactly  the  same  as  the  above,  with  the  exception  of  the 
armour  plate,  which  was  6  inches  thick. 

Portsmouth  C. — Exactly  the  same  as  the  above,  with  the  exception  of  the 
armour  plate,  which  was  4*5  inches  thick. 

*  Transactions,  p.  102  (1862).  f  IWd\  p.  173  (1863). 
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Let  lis  now  examine  the  results  of  the  various  experiments  given  in  the 
Appendix  Tables*. 

The  Lord  Warden. — It  appears  from  round  813,  that  this  vessel  could  be 
completely  penetrated  by  a  steel  shot  of  9*14  inches  diameter,  striking  with  a 
stored-up  work  of  2642  tons. 

The  gun  in  this  case  used  a  reduced  oharge  of  30  lbs.  We  learn  from  this 
that,  had  the  full  charge,  viz.  44  lbs.,  been  used,  it  would  have  been  equivalent 
to  a  removal  of  the  gun  to  something  over  1000  yards  from  the  target. 

The  9-22-inch  gun  of  12  tons,  with  an  elongated  steel  shot  of  221  lbs.  and 
charge  of  44  lbs.,  is  therefore  capable  of  completely  piercing  an  iron-clad 
vessel  of  the  ( Lord  Warden '  class  at  1000  yards. 

We  have  before  mentioned  that  recent  experiments  have  indicated  that  for 
complete  penetration  through  iron,  the  "  work  "  must  vary  as  the  diameter 
of  the  shot  nearly. 

If,  therefore,  we  were  to  use  a  10'5-inch  gun  against  the  '  Lord  Warden,* 
the  force  required  to  obtain  the  same  effect  as  that  accomplished  by  the  9-22- 
inch  with  a  striking-"  work  "  of  2642  tons,  would  be  expressed  by  the  following 
proportions : — 

9-14:  2642:;  10-43:*; 

and  we  find  x  =  3015. 

The  10-5-inch  gun  would  therefore  require  a  force  of  3015  tons  to  com- 
pletely penetrate  the  '  Lord  Warden.'  That  this  reasoning  is  nearly  correct, 
ire  find  by  observing  the  effects  of  round  806,  where  a  steel  shot  of  10-43 
inches  diameter,  struck  with  a  "work"  of  2898  tons,  and  failed  to  get  com- 
pletely  through. 

In  the  same  manner  we  can  approximately  determine  the  effect  which  would 
be  produced  by  any  other  steel  shot  of  given  diameter  and  weight. 

Let  us  take,  for  example,  the  15-inch  and  11-inch  cast-iron  smooth-bore 
guns  used  in  the  United  States. 

The  first  of  these  guns  would  throw,  provided  they  had  such  projectiles,  a 
spherical  steel  solid  shot  of  484  lbs.  weight,  and  14*85  inches  diameter,  with  a 
maximum  battering  charge  of,  say,  50  lbs. 

The  second  gun  would  fire  a  steel  solid  shot  of  189  lbs.  with  a  charge  of 
20  lbs. 

The  following  Table  shows  the  remaining  velocities  of  these  projectiles  at 
various  distances,  with  their  corresponding  stored  up  "  work :" — 


Table  VIII. — Showing  the  remaining  velocities  and  "  work"  of  spherical 
steel  solid  shot  fired  from  15-inch  and  11-inch  guns. 


1 

| 

Pro 

jectile. 

Initial 
Telo- 
city. 

At  200  yards.  ||  At  500  yards. 

iAt  1000  yards. 

.    Gun. 

Weight. 

Diameter. 

Remaining 
velocity. 

Via    Remaining 
viva,  i   Telocity. 

Via 
Trva. 

'Remaining 

|  Telocity. 

Via 

Th-a, 

15-inch... 
11-inch... 

lbs. 
60 
20 

lbs. 
484 
189 

inches. 

14-85 

1085 

feet. 
1070 
1080 

feet. 
1028 
1019 

tons.  1     feet. 
3547i     069 
1361 J     936 

tons. 
3152 
1148 

|     feet 

1     880 
818 

tons. 
2599 

877 

From  this  Table  we  can  approximately  determine  the  effect  of  15-inch  and 
11-inch  steel  projectiles.     Thus,  assuming  that  the  penetration  varies  in- 

*  The  projectiles  are  assumed  to  strike  direct. 
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vcrsely  as  the  diameter,  and  that  it  requires  2642  tons  of  "  work  "  on  impact  to 
send  a  steel  shot  of  9"-14  through  the  side  of  the  *  Lord  Warden ;'  the  penetra- 
tion of  a  steel  shot  from  the  15-inch  gun  will  require  a  force  represented  by 
the  following  proportion : — 

9-14: 2642::  14-85:  x; 

and  x  =  4292  tons.  It  would  therefore  require  a  force  of  4292  tons  to  send 
a  steel  shot  of  14-85  inches  diameter  through  the  *  Lord  "Warden.' 

A  glance  at  the  last  Table  shows  that  the  15-inch  gun,  if  fired  with  a  50-lb. 
charge,  is  unable  to  accomplish  this  even  at  a  range  of  200  yards ;  and  it  is 
further  very  doubtful  whether  this  gun,  fired  with  50  lbs.  of  powder,  and  a  solid 
steel  shot  of  484  lbs.,  would  penetrate  the  side  of  the  iron-clad  ship  *  Lord 
Warden,'  even  were  the  muzzle  of  the  gun  touching  the  armour  plate*  of  the 
vessel. 

It  is  needless  to  remark  that  the  11-inch  gun  would  be  much  leas 
effective. 

These  conclusions  go  to  prove — 

1st.  That  the  7-inch  M  L  gun  of  134  cwt.  rifled,  fired  with  a  aolid  elm- 
gated  steel  shot  of  100  lbs.  and  charge  of  25  lbs.,  is  not  capable  of  piercing  the 
**  Lord  Warden '  at  any  range. 

2nd.  The  same  remark  applies  to  the  100-pounder  smooth-bore  gun  with  a 
spherical  steel  shot  of  104  lbs.  and  25  lbs.  charge. 

3rd.  The  9-22-inch  rifled  gun  of  12  tons,  fired  with  an  elongated  steel  shot 
of  221  lbs.  and  44  lbs.  charge,  is  capable  of  piercing  the '  Lord  Warden '  up  to 
a  range  of  about  1000  yards. 

4th.  That  the  same  remark  applies  to  the  10-5-inch  gun  of  12  tons,  fired 
with  a  solid  elongated  shot  of  301  lbs.  and  charge  of  45  lbs. 

5th.  That  the  American  smooth-bore  guns  of  15, 13, 11,  and  9-inch  catibrr, 
fired  with  solid  spherical  steel  shot  and  their  service  charges,  are  not  capable 
of  piercing  the  '  Lord  Warden'  at  any  range  whatever. 

6th.  This  vessel  could  steam  past  batteries  armed  with  the  above  smooth- 
bore guns  without  suffering  except  from  "  racking  "  effect. 

Hie  BeUerophon. — The  trial  of  this  target  was  of  such  an  undecided  cha- 
racter, and  of  such  a  comparatively  mild  form,  that  it  is  difficult  to  obtain 
sufficient  data  upon  which  to  base  any  comparison  between  thiB  vessel  and 
other  iron-clads.  The  most  severe  blow  it  encountered  was  from  the  10-5-inch 
rifled  gun,  with  a  spherical  steel  shot  of  165  lbs.  and  charge  of  35  lbs.,  the 
striking  "  work  "  being  2472  tons.  This  shot  failed  to  penetrate  the  target ; 
but  we  have  no  evidence  to  prove  that  the  10-5-inch  gun  would  not  have 
penetrated  with  a  charge  of  50  lbs.,  and  striking  «*"  work "  of  2898  tons. 
The  '  BeUerophon '  is  undoubtedly  of  a  stronger  construction  than  the 
'  Warrior '  or  *  Minotaur '  class  ;  but  there  is  no  direct  evidence  to  prove  that 
it  is  as  strong  or  stronger  than  the  **  Lord  Warden.' 

We  have  seen  that  75-4  foot-tons  per  inch  of  shot's  circumference  has 
failed  to  penetrate  the  '  BeUerophon  ;'  but  it  appears  that  this  force  is  quite 
sufficient  to  penetrate  this  target  when  the  plates  are  5*5  inches  thick  instead 
of  6  inches  (rounds  949  to  952).  We  have  no  evidence,  however,  whether 
75  foot-tons  per  inch  may  not  be  too  much  for  a  '  BeUerophon '  with  5-5- 
inch  plates.  If  we  assume  that  this  force  is  only  sufficient  for  the  pene- 
tration of  5-5-inch  plates  on  a  backing  and  skin  similar  to  the  '  BeUerophon/ 
the  latter  with  6-inch  plates  would  require  a  force  of  89-6  foot-tons  per 
inch,  which  is  about  what  is  required  by  the  '  Lord  Warden,* 
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The  fact,  however,  of  the  10-5  inch  gun  having  failed  to  pierce^*»^*^£  w  *   " 
indicates  that  the  American  smooth-bore  15-inch  gun  fired  with 
shot  and  50  lbs.  charge,  would  not  penetrate  it  at  any  distance  over  100 
yards.  This  vessel,  therefore,  could  pass  batteries  so  armed  without  suffering, 
except  by  "  racking." 

The  Warrior. — The  only  steel  shot  which  have  been  fired  at  the  '  Warrior  * 
target  have  been  from  100-pounder  and  68 -pounder  smooth-bore  guns,  and 
the  7-inch  rifled  gun,  and  6-3  and  5-inch  rifled  guns.  We  see  from  the 
Table  that  the  7-inch  rifled  gun  is  capable  of  piercing  the  side  of  this  vessel 
with  alOO-lb.  shot  and  20-lb.  charge,  the  striking  "work"  being  1374 
tons  (round  1018).  The  effect  of  the  100-pounder  gun  would,  therefore,  be 
represented  by  the  proportion 

6-91 :  1374 :t  8-87 :#; 
wid  #=1764. 

The  force,  therefore,  required  to  send  a  steel  shot  from  the  100-pounder 
gun  through  the  '  Warrior '  would  be  about  1764  tons  ;  and  we  may  assume 
that  any  force  under  this  would  not  produce  the  required  effect. 

Thus  we  find  (round  972)  that  a  shot  from  the  100-pounder  struck  the 
'Warrior'  with  a  force  of  1573  tons,  but  failed  to  penetrate.  In  the  same 
manner  we  can  approximate  to  the  force  required  to  send  a  shot  from  the 
y*22-inch  gun  through  the  '  Warrior,' 

6-91: 1374::  9-14:  x; 
and  *= 1813  tons. 

The  9-22-inch  gun  could  therefore  send  a  steel  shot  through  the  '  War- 
rior/ provided  the  striking  force  were  1813  tons. 

If  the  shot,  therefore,  was  221  lbs.  weight,  the  necessary  velocity  would 
be  1087  feet ;  and  if  the  gun  were  fired  with  its  full  charge  of  44  lbs.,  it 
would  send  an  elongated  steel  shot  of  221  lbs.  through  the  '  Warrior '  at 
^500  yards  range. 

In  the  samo  manner,  in  the  case  of  the  10-5-inch  gun,  we  have  the  pro- 
portion 

6-91 :  1374::  1043  :x; 
and  a?=2074. 

The  105-inch  gun  would  therefore  send  its  shot  through  the  ' Warrior,' 
provided  the  striking-force  were  2074  tons. 

From  this  it  appears  that  the  '  Warrior '  is  of  weaker  construction  than 
the  '  Lord  Warden,'  as  the  10-5-inch  gun  failed  to  penetrate  the  latter  with 
a  striking-force  of  2898  tons. 

In  the  case  of  the  15-inch  American  gun,  we  have  the  proportion 

6-91: 1374::  14-85:  x; 
and  .r=2953  tons. 

From  Table  VIII.  it  appears  that  the  15-inch  gun,  fired  with  a  spherical 
steel  shot  of  484  lbs.  and  a  charge  of  50  lbs.,  would  penetrate  the  '  Warrior ' 
at  any  distance  up  to  500  yards,  but  would  not  do  so  at  1000  yards. 

In  the  case  of  the  11 -inch  gun,  we  have 

6-91: 1374::  10-85:  a?; 
and  .r  =  2157. 

A.nd  from  Table  VIII.  we  find  that  the  11 -inch  gun,  fired  with  a  solid  steel 
shot  of  189  lbs.  and  charge  of  20  lbs.,  would  not  penetrate  the  '  Warrior '  at 
any  range,  not  even  if  the  mugde  of  the  gun  were  touching  the  armour  plates. 
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From  these  considerations  the  following  effects  are  probable  :— 

1st  The  7-inch  muzzle-loading  rifle-gun  of  130  cwt.,  with  a  solid  sled 
shot  of  100  lbs.  and  charge  of  25  lbs.,  is  capable  of  piercing  the  side  of  the 
*  Warrior '  up  to  a  range  of  600  yards  *. 

2nd.  The  100-pounder  smooth-bore  gun  (9-inch)  of  125  cwt  with  a  solid 
spherical  steel  shot  of  104  lbs.  weight  and  25  lbs.  charge,  is  not  capable  of 
piercing  the  '  Warrior '  at  any  distance  over  100  yards. 

3rd.  The  9-22-inch  rifled  gun  of  12  tons,  with  a  solid  elongated  steel  shot 
of  221  lbs.  and  charge  of  44  lbs.,  is  capable  of  piercing  the  '  Warrior '  up  to 
a  range  of  2500  yards  f. 

4th.  The  10'5-inch  rifled  gun  of  12  tons,  with  a  solid  elongated  steel  shot 
of  301  lbs.  and  charge  of  45  lbs.,  is  capable  of  piercing  the  '  Warrior'  up  to 
a  range  of  2500  yards. 

5th.  The  American  15-inch  gun  of  22  tons,  with  a  spherical  steel  shot  of 
484  lbs.  and  charge  of  50  lbs.,  is  capable  of  piercing  the  '  Warrior '  up  to  a 
range  of  500  yards. 

6th.  The  American  smooth-bore  11-inch  and  9-inch  guns,  fired  with  solid 
spherical  steel  shot  and  their  maximum  charges,  are  not  capable  of  piercing 
the  '  Warrior '  at  any  range. 

7th.  This  vessel  could  pass  batteries  armed  with  15-inch  guns,  as  afore, 
at  a  distance  of  800  yards  without  suffering,  except  by  "  racking.'9 

The  Minotaur. — This  class  differs  from  the  '  Warrior '  in  having  1  inch  of 
iron  armour  plating  substituted  for  9  inches  of  wood  backing. 

In  the  trial  of  this  target,  an  experimental  powder  named  2A4  was 
made  uso  of;  and  this  accounts  for  the  effects  observed  with  the  10'5-inch 
gun. 

It  appears  that,  when  the  ordinary  service,  powder  was  used,  the  result  was 
something  the  same  as  in  the  case  of  the  '  Warrior.' 

The  actual  strength  of  these  ships  may  therefore,  in  absence  of  direct 
evidenco  to  the  contrary,  be  assumed  to  be  equal;  but  whether  the  wood 
and  iron,  which  combined  form  the  mass  of  resistance,  have  been  more  ad- 
vantageously distributed  in  the  construction  of  the  '  Warrior '  than  in  that  of 
the  '  Minotaur,'  is  a  separate  question. 

On  the  whole,  it  may  be  assumed  that  the  remarks  which  apply  to 
the  'Warrior'  are  equally  applicable  to  the  ' Minotaur'  and  ships  of 
her  class. 

The  Hercxdcs. — This  target  was  by  far  the  strongest  ever  tried  at  Shoc- 
buryness,  and  accordingly  it  received  the  most  severe  treatment.  The  pre- 
liminary experiments  were  made  with  the  9"-22, 10"#5,  and  10"  rifled  guns 
of  12  tons,  firing  solid  steel  shot  with  very  high  charges. 

It  appears  that  rounds  1041, 1045  broke  the  8-inch  plate  and  forced 
the  pieces  into  the  12-inch  wood  backing.  Both  these  rounds  struck  between 
two  ribs ;  1045,  however,  met  with  more  resistance  than  1041,  as  it  struck  just 
over  one  of  the  horizontal  plates ;  the  armour  plate  was  thus  supported  in 
rear  of  the  point  struck  by  a  rigid  backing. 

An  8-inch  plate  unbacked  requires  88*6  foot-tons  per  inch  of  shot's  circum- 
ference to  just  penetrate  it;  it  was  to  be  expected,  therefore,  that  the  aboTe 
rounds  should  do  so. 

*  The  same  result  would  probably  occur  with  the  present  service  charge  for  this  gun, 
Tiz.  22  lbs.  and  shot  of  115  lbs. 
t  The  same  result  would  occur  with  the  service  9-inch  gun  of  12  tons. 
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Rounds  1043, 1044, 1040, 1042  struck  the  9-inch  plate,  which,  if  un- 
backed, would  require  a  force  of  112*1  foot-tons  per  inch  of  shot's  circum- 
ference to  penetrate  it.  Bound  1044  was  therefore  the  only  shot  which  had 
sufficient  force  to  penetrate  tho  plate ;  and  this  round  struck  both  on  a  rib 
and  full  on  one  of  the  rigid  backings ;  1040  almost  penetrated  the  plate,  as, 
although  the  absolute  indent  was  only  4*5  inches,  the  piece  of  plate  struck 
was  almost  dislodged ;  1042  ought  to  have  done  more  damage  than  it  did  ; 
probably  the  steel  was  not  of  the  best  quality. 

The  target  was  subsequently  tested  by  firing  at  it  with  the  13-inch 
wrought-iron  gun  of  22  tons,  using  solid  steel  and  chilled  iron  shot  of  570 
lbs.,  with  100  lbs.  of  powder. 
The  gun  was  at  700  yards  from  the  target. 

The  results  proved  that  the  target  was  impenetrable  when  struck  fair, 
although  it  was  penetrated  by  a  chilled  shot  which  struck  just  above  a  pre- 
vious round. 

When  it  is  considered  that  this  target  was  only  18*2  feet  x  8  feet  x  4  feet, 
and  that  it  received  blows  amounting  in  all  to  over  seventy  thousand  foot- 
tons,  it  must  be  confessed  it  did  its  duty. 

The  Small  Plate. — This  target  represented  a  wooden  ship  armour-plated, 
each  as  the  French  '  Elandro '  &c. 

It  appears  that  this  class  of  iron-clad  is  not  quite  as  strong  as  that  repre- 
sented by  the '  Warrior '  or  'Minotaur'  (which  are  iron  vessels  armour-plated), 
and  of  course  not  nearly  so  strong  as  the  '  Lord  Warden '  or  '  Bellerophon.' 

Thus  the  10'5-inch  gun  with  a  striking-"  work  "  of  1657  tons  penetrated 
the  "  small  plate  "  target ;  and  we  have  seen  that  this  gun  would  require  a 
striking-force  of  2047  tons  to  send  the  same  shot  through  tho  '  Warrior.' 

It  is  hardly  fair,  however,  to  take  this  round  (850)  for  the  basis  of  a  com- 
parison with  other  guns,  as  it  appears  that  the  target  had  been  previously 
considerably  shaken. 

On  the  whole,  it  may  be  assumed  that  vessels  of  the  class  represented  by 
the  "  small  plate  "  target  are  something  weaker  than  thoso  represented  by 
the  '  Warrior,'  and  that  the  remarks  which  apply  to  the  latter  are  applicable 
to  the  former  in  a  greater  degree*. 

The  following  Table  shows  the  probable  distance  at  which  various  guns, 
firing  solid  steel  shot,  with  full  service  charges,  would  penetrate  iron-clad 
ships  at  present  (1866)  in  the  service : — 

*  This  target  is  of  equal,  if  not  superior  strength  to  the  '  Warrior/  if  struck  on  the 
MMnoh  plates. 
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Table  IX. — Showing  the  probable  distance  at  which  various  guns  would 
penetrate  existing  iron-clad  vessels,  provided  they  were  fired  with  fall  ser- 
vice-charges and  solid  steel  shot. 


Gun. 

Sup- 
posed 
charge. 

Sup- 
posed 
shot 

Vessel  repre- 
sented by. 

Distance 
at  which 

full 
charge 
will  pe- 
neteate. 

i 

Remarks.      1 

13"-3  ML  rifled  of  22  tons... 

9"  ML  rifled  of  12  tons  ... 

»>               »» 

»>               >> 

>»               M 

10  "5  ML  rifled  of*12  tons ... 
7-inch  M  L  rifled  of  130  cwt. 

»»                i» 

t»                »t 
100-pounder  smooth-bore   . . . 

t»                n 

ii                »» 

15"  smooth-bore  (American) 

»»                >i 
>i                i» 

lbs. 
70 
45 
45 
45 
45 
45 
43 
22 
22 
22 
*5 
»5 
*5 
5° 
50 
50 

lbs. 

600 

300 

300 

300 

300 

300 

250 

"5 

"5 

"5 

104 

104 

104 

484 

4*4 

4*4 

Omnes* 

Lord  Warden 
Bellerophon 

Warrior 

Minotaur  .... 
Gloire 

yards. 
2000 
1000 
1000 
2000 
2000 
2200 

500 
500 
600 
100 
100 
200 
500 
500 
700 

to  4000  yards. 

1 

1 

1 

Same  as  9-in. 

Warrior 

Minotaur  .... 
Gloire. ........ 

to  700  yards. 

Warrior 

Minotaur   ... 
Gloire 

Warrior 

Minotaur    ... 
Gloire 

1 

RteurrU  of  Experimental  Results  against  Backed  Plates. 

The  experiments  which  have  hitherto  been  made  in  this  country  in  con- 
nexion with  targets  representing  iron-clad  vessels,  have  been  of  such  t 
decidedly  practical  nature  that  it  is  difficult  to  make  any  theoretical  deduc- 
tions from  the  results. 

The  trials  have  been  chiefly  for  the  purpose  of  testing  various  specimens  of 
armour-plated  vessels ;  and  the  guns  employed  have  been  of  a  very  varied 
nature,  mostly  experimental.  The  results  of  such  experiments  have  furnished 
much  valuable  practical  information ;  but  as  they  were  conducted  under  such 
varying  circumstances,  it  is  difficult  to  base  any  theoretical  conclusion  on  the 
facts  established.  We  can,  however,  make  several  deductions  which,  if  not 
absolutely,  will  be  relatively  true,  and  will  give  us  some  approximation  of 
what  is  required. 

Thus,  if  we  examine  the  experiments  which  from  time  to  time  have 
been  carried  out  against  targets  representing  the  '  Warrior't*  we  find  that 
the  target  was  completely  penetrated  by  a  steel  shot  which  struck  with  a 
"  work"  represented  by  about  63  foot-tons  per  inch  of  shot's  circumference 
(round  1018),  and  that  59  tons  failed  to  penetrate,  although  it  cracked  the 
inner  skin  (round  not  numbered). 

We  may  therefore  assume  that  a  force  of  about  60  or  61  foot-tons  w  11M 
be  the  minimum  to  ensure  the  absolute  penetration  of  the  *  Warrior '  with  a 
steel  shot  of  good  quality,  striking  direct  J. 

The  round  quoted  above  (1018)  consisted  of  a  hemispherical-headed  steel 
shot  of  99*56  lbs.  and  6-91  inches  diameter,  moving  with  a  velocity  of  1411 

*  At  present  afloat  (August  1860).  t  See  Table  XIII.  (in  the  Appendix). 

{  This  applies  only  to  hciniapherical-headed  shot. 
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feet ;  we  can  therefore  find  what  thickness  of  unbacked  plate  it  would  have 
penetrated. 
From  equation  (2), 

6=6-76  inches. 
And  as  the  armour  plating  of  the  target  was  4*5  inches,  the  backing,  inclu- 
ding the  inner  skin,  was  equivalent  to  an  extra  2*26  inches  of  plating.     We 
can  also  determine  the  "work"  necessary  to  penetrate  the  4-5-inch  plate 
(unbacked)  by  the  above  shot.     From  equation  (1), 

^=2irBJW=608-4  foot-tons, 

or  28  foot-tons  per  inch  of  shot's  circumference. 

As  the  total  force  required  to  penetrate  the  target  would  be  61  foot-tons 
per  inch,  we  see  that  this  may  be  divided  into  twenty-eight  for  the  armour 
plate,  and  thirty-three  for  the  backing. 

It  is,  however,  possible  that  this  backing  might  be  penetrated  with  greater 
ease  if  it  depended  on  itself  alone ;  and  possibly  it  is  only  when  combined 
with  the  armour  plate  that  its  resistance  is  so  great*. 

That  this  reasoning  is  approximately  correct,  we  find  by  examining  the 
results  of  round  979. 

Here  the  striking-"  work "  was  22  foot-tons  per  inch,  and,  as  might  be 
expected,  the  plate  was  not  penetrated ;  again,  round  736  struck  with  39 
tons  per  inch,  and  penetrated  the  plate,  driving  the  pieces  into  the  backing. 

We  learn  from  the  foregoing  results  that  any  good  hemispherical-headed 
steel  shot  will  penetrate  a  structure  like  the  '  Warrior/  provided  the  striking- 
"  work  "  be  not  less  than  about  61  foot-tons  per  inch  of  shot's  circumference, 
and  that  the  shot  hits  direct  t. 

In  the  absence  of  direct  proof  to  the  contrary,  we  may  assume  that  the 
same  results  would  take  place  in  the  case  of  the  '  Minotaur'  and  ships  of  her 
class. 

If  we  examine  the  results  of  round  1  in  the  Portsmouth  experiments,  it 
appears  that  a  spherical  steel  shot  of  113*81  lbs.  weight  and  9  15  inches  dia- 
meter, moving  with  a  velocity  of  1450  feet,  and  consequent  "  work  "  of  57*7 
foot-tons  per  inch,  penetrated  a  5'5-inch  plate  and  the  side  of  a  wooden  fri- 
gate, viz.  25  inches  of  wood. 

The  amount  of  "  work  "  due  to  the  plate  was  here  41-4  foot-tons  per  inch, 
which  leaves  16-3  tons  for  the  backing. 

It  will  be  seen  from  this  that  the  backing  and  inner  skin  of  an  iron-built 
ship  like  the  '  Warrior '  is  capable  of  much  greater  resistance  than  the  side  of 
an  ordinary  frigate. 

If  we  suppose  the  ship  to  have  been  protected  with  the  4-5-inch  armour 
plates,  as  in  the  case  of  "  Portsmouth  C  "  target,  the  resistance  will  be  ap- 
proximately proportioned  to  the  squares  of  the  thicknesses  of  the  plates,  the 
backing  being  the  same  in  both  cases. 

We  might  therefore  expect  that  a  "  work "  of  about  44  tons  per  inch 
would  penetrate  "  Portsmouth  C."  It  appears  from  round  4  that  387  foot- 
tons  per  inch  failed  to  penetrate  this  target. , 

*  We  have  no  experimental  data  to  determine  this  point. 

t  The  above  only  applies  to  hemispherical-headed  shot ;  if  the  projectile  be  ogival- 
beaded  the  "  work"  required  will  be  less. 
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As  before  stated,  it  is  proved  that  a  "  work  "  of  about  58  foot-tons  per  iaca 
of  shot's  circumference  will  just  penetrate  a  5-5-inch  plate  and  25  inches  of 
wood ;  and  we  may  assume  that  it  will  require  a  force  of  44  foot-tons  per  inch 
to  penetrate  the  same  ship  if  the  plates  be  4-5  inches. 

In  order  to  demonstrate  how  this  knowledge  may  prove  of  advantage,  let 
us  suppose  the  following  case. 

H3LS.  '  Favourite'  is  a  wooden  ship  of  about  22  inches  thickness,  pro- 
tected by  4-5-inch  plates,  and  armed  with  7-inch  M  L  rifled  guns  throwing 
solid  elongated  steel  shot  of  115  lbs.  weight  and  6-92  inches  diameter,  villi 
a  charge  of  22  lbs. 

Suppose  this  ship  meets  an  enemy's  vessel  of  the  same  thickness,  but  pro- 
tected by  5-5-inch  plates,  and  armed  with  11-inch  smooth-bore  guns  throw- 
ing solid  spherical  steel  shot  of  189  lbs.  weight  and  10-85  inches  diameter, 
with  a  charge  of  20  lbs. 

To  all  appearance  the  enemy's  vessel  is  much  the  stronger  of  the  two. 
We  find,  however,  that  at  500  yards  thejll-inch  projectiles  would  strike  with 
a  "  work  "  of  only  34  foot- tons  per  inch  of  shot's  circumference,  and  conse- 
quently would  fail  to  penetrate  the  '  Favourite,'  which  requires  a  force  of 
about  44  foot-tons ;  while,  on  the  other  hand,  the  projectiles  from  the  rifled 
guns  of  the  latter  ship  would  at  500  yards  strike  with  a  "  work  "  of  about 
65  foot-tons  per  inch  of  shot's  circumference,  which  would  be  amply  sufficient 
to  penetrate,  even  with  steel  or  chilled  shells,  the  side  of  a  ship  of  22  inches 
thickness,  protected  by  5-5-inch  plates. 

It  may,  however,  be  urged  that,  although  the  11-inch  shot  could  net  pene- 
trate, they  would  have  great  battering  effect.  But  it  is  submitted  that  the 
projectile  which  can  perforate  the  side  of  an  enemy's  ship  and  disable  her 
crew,  machinery,  or  magazine,  is  decidedly  to  be  preferred.  Battering  is  all 
very  well  in  theory,  but  we  know  what  a  battering  the  *  Tennessee'  stood 
without  being  much  injured ;  and  if  the  '  Favourite '  should  ever  happen  to 
mil  in  with  an  enemy's  wooden  frigate  protected  by  5-5-inch  plates  and 
armed  with  big  smooth-bore  guns,  she  will  most  likely  be  able  to  dispose  of 
her  in  a  satisfactory  manner. 

If  we  examine  the  experiments  carried  out  against  the  '  Lord  Warden ' 
target,  it  appears  that  the  target  was  completely  penetrated  by  a  force  repre- 
sented by  92  foot-tons  per  inch  of  shot's  circumference,  while  88  tons  per 
inch  failed  to  penetrate,  although  it  evidently  very  nearly  did  so.  We  may 
assume  from  this  that  a  force  of  about  90  tons  per  inch  is  just  capable  of 
piercing  the  '  Lord  Warden.' 

Now  this  ship  consists  of — 

1st.  A  4-5-inch  armour  plate. 
2nd.  8  J  inches  of  wood  backing. 
3rd.  A  1-5-inch  iron  plate. 
4th,  20£  inches  of  wood. 

And  if  we  assume  the  force  required  to  penetrate  the  iron  part  of  it  to  vary 
as  the  squares  of  the  thicknesses  of  the  plates,  we  shall  have  28  tons  for  the 
4-5-inch  plate,  and  3*1  tons  per  inch  for  the  1-5-inch  plate,  thus  leaving  oS 
tons'for  the  backing  and  wood.  This  seems  a  large  amount,  but  we  must  re- 
member that  the  target  is  very  thick.  We  have,  unfortunately,  no  data  upon 
which  we  can  depend  relative  to  the  penetration  of  backing  and  the  effect  of 
dividing  it  by  vertical  iron  plates  of  less  thickness  than  the  principal  armour 
'ite.  It  is  probable,  however,  that  the  strength  of  the  '  Lord  Warden' 
old  have  been  increased  had  the  l|-inch  inner  plate  been  differently  dis- 
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posed.    It  would  hare  been  interesting  to  find  the  effect  of  adding  one  inch 
to  the  armour  plate  and  supplying  a  £-inch  iron  skin. 

On  the  effect  of  Backing  to  Iron  Plates. 

It  might  appear  at  first  sight  that  wood  backing  would  hare  the  effect  of 
strengthening  an  iron  plate ;  the  results,  however,  of  a  very  large  number  of 
cases  go  to  prove  the  opposite — namely,  that  the  backing  affords  little,  if  any, 
support  to  the  plate,  unless  it  be  of  the  rigid  form,  such  as  the  '  Hercules ' 
and '  Bellerophon.'  In  other  words,  if  a  shot  is  capable  of  perforating  an 
unbacked  4^ -inch  plate,  it  will  perforate  it  or  break  it  away  equally  if  it  be 
backed  by  wood  alone. 

We  have  many  instances  of  this.  Thus  we  find  that  a  steel  shot  fired 
from  the  68-pounder  perforated  4  £ -inch  plates  on  the  '  Warrior,'  4|-inch 
plates  on  the  Small  Plate,  a  5-inch  plate  (round  960),  and  penetrated  to  the 
same  depth  in  5£-inch  unbacked  and  backed  plates. 

We  have  evidence,  however,  that  a  rigid  backing  is  a  great  advantage ; 
this  was  particularly  apparent  in  the  case  of  the  '  Hercules,'  where  the  plates 
were  not  perforated  by  some  shot  which  struck  with  sufficient  "  work  "  to 
penetrate  them  completely  if  unbacked. 

We  have  also  evidence-  of  the  great  superiority  of  packed  backing  of  teak, 
rocb  as  in  the  *  Warrior/  '  Minotaur,'  &c,  over  the  ordinary  side  of  a  line- 
d-battle ship,  and  of  the  great  support  which  an  inner  skin  affords. 

Thus  it  required  33  foot-tons  per  inch  of  shot's  circumference  to  penetrate 
tbe  backing  and  skin  of  the  '  Warrior,'  viz.  18  inches  of  compact  teak  and 
a  f-inch  iron  plate,  strengthened  and  supported  by  iron  ribs ;  and  we  see 
that  16  foot- tons  per  inch  were  sufficient  to  penetrate  the  side  of  an  ordinary 
line-of-battle  ship,  viz.  25  inches  of  oak. 

We  also  find  that  the  backing  of  the  '  Lord  Warden '  required  58  tons  per 
inch,  and  of  the  Small  Plate  target  about  16  tons  per  inch.  This  shows  the 
vast  superiority  of  compact  backing  supported  by  internal  iron  plates. 

Itetumi  of  the  Conclusions  which  may  be  drawn  from  the  experiments  against 

iron. 

1.  When  it  is  required  to  perforate  the  plate,  the  projectile  should  be  of 
a  hard  material,  such  as  steel  or  chilled  iron. 

2.  The  form  of  head  best  suited  for  the  perforation  of  iron  plates,  whether 
feet  or  oblique,  is  the  pointed  ogival. 

3.  The  best  form  of  steel  shell  is  that  in  which  the  powder  can  act  in  a 
forward  direction,  and  which  is  furnished  with  a  solid  steel  head  in  the  form 
°f  a  pointed  ogival. 

4.  When  chilled  iron  can  be  made  of  the  best  quality,  it  is  almost,  if  not 
qrite,  as  effective  as  steel  for  solid  shot.  And  where  the  projectile  can  per- 
forate with  ease,  the  chilled  shot  is  more  formidable  than  steel,  as  it  enters  the 
"top  broken  up,  and  would  act  as  grape  *. 

5.  To  attack  well-built  iron-clads  effectively,  the  guns  should  be,  if  pos- 
sible, not  under  12  tons  weight  and  9  inches  calibre,  firing  an  elongated 
Projectile  of  250  lbs.  with  about  40  lbs.  of  powder. 

8.  When  the  projectiles  are  of  a  hard  material,  such  as  steel,  the  perfora- 
tion t  is  directly  proportional  to  the  "  work  "  in  the  shot,  and  inversely  pro- 
portional to  the  diameter  of  the  projectile ;  and  it  is  immaterial  whether  this 

.  *  The  introduction  of  chilled  iron  ie  due  to  Major  Pallieer,  who  has  devoted  much 
tone  and  attention  to  the  subject 
*  Or  power  of  complete  penetration. 
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"  work  "  be  made  np  of  Telocity  or  weight,  within  the  usual  limits  wfckk 
occur  in  practice. 

7.  The  resistance  of  wrought-iron  plates  to  perforation  by  hemispheres!  - 
headed  steel  projectiles  varies  as  the  square  of  their  thickness. 

8.  Hitting  a  plate  at  an  angle  diminishes  the  effect  as  regards  power  of 
perforation  in  the  proportion  of  the  sine  of  the  angle  of  incidence  to  unity. 

9.  The  resistance  of  wrought-iron  plates  to  perforation  by  steel  shot  is  not 
mnch  (if  at  all)  increased  by  backing  simply  of  wood ;  it  is,  however,  much 
increased  by  a  rigid  backing,  either  of  iron  combined  with  wood,  or  of  granite, 
iron,  brick,  &c.* 

10.  Iron-built  ships,  in  which  the  backing  is  composed  of  compact  oak  or 
teak,  offer  mnch  more  resistance  than  similarly  clad  wooden  ships. 

11.  The  best  form  of  backing  seems  to  be  that  in  which  wood  is  combined 
with  horizontal  plates  of  iron,  as  in  the  Chalmers,  *  BeUerophon,'  and 
'  Hercules'  targets. 

12.  An  inner  iron  skin  is  of  the  greatest  possible  advantage ;  it  not  only 
has  the  effect  of  rendering  the  backing  more  compact,  but  it  prevents  the 
passage  of  many  splinters  which  would  otherwise  find  their  way  into  the  ship. 

No  iron-clad,  whether  iron-built  or  wooden  converted,  should  be  without 
an  inner  iron  skin. 

IB.  The  bolts  known  as  "  Palliser's  bolts,"  are  the  best  for  securing  ar- 
mour plates. 

In  these  bolts  the  diameter  of  the  shank  is  reduced,  so  that  it  is  less  than 
the  diameter  at  the  screwed  end. 

In  the  foregoing  pages  great  stress  has  been  laid  on  penetratum. 

There  are  two  methods  by  which  an  iron-clad  vessel  can  be  destroyed  by 
the  fire  of  artillery. 

1.  Baching  f,  or  the  impact  of  heavy  shot  of  large  size  moving  at  low 
velocities,  and  intended  to  shatter  the  vessel's  armour,  and  by  repeated 
shakes  ultimately  to  knock  the  whole  structure  to  pieces. 

2.  Punching  J,  or  the  penetration  of  the  vessel's  side  either  by  elongated 
shot  or  shell,  intended  to  kill  the  crew,  damage  the  machinery,  and  sink  the 
vessel  by  holes  made  through  her,  at  or  near  the  water-line. 

Both  these  systems  have  their  advocates,  and  there  is  undoubtedly  s  great 
deal  to  be  said  on  both  sides. 

All  warlike  operations  tend  to  the  crippling  of  your  enemy;  and  that 
system  is  evidently  the  best  which  will  cripple  him  in  the  shortest  time, 
in  the  easiest  manner,  and  at  the  least  possible  expense. 

Now  time  is  an  element  which  will  largely  enter  into  consideration  in 
future  actions  with  iron-clad  vessels. 

Suppose  two  opposing  iron-clads  to  meet,  one  armed  with  guns  on  the 
"  racking "  system,  the  other  with  guns  on  the  "punching  system;1'  it  is 
probable  that  the  vessel  which  could  send  her  shot  clean  through  the  sides  of 
her  adversary  would  have  the  greatest  chance  of  reaching  a  vital  part  in  a 
given  time.  Besides  which,  a  "  punching"  shot  is  usually  an  elongated  rule 
projectile,  animated  by  a  moderately  high  velocity,  and  has  consequently  « 
flatter  trajectory  than  the  "  racking"  shot,  which  travels  at  a  low  velocity ; 
and  as  accuracy  and  a  flat  trajectory  are  closely  allied,  the  "punching" 

*  That  it  to  say,  a  shot  which  is  capable  of  breaking  a  hole  through  a  46-inch  plat* 
unbacked,  will  be  also  capable  of  doing  80  if  the  plate  be  only  backed  by  wood,  to  the 
extent  that,  were  the  plate  taken  off  the  backing,  the  piece  of  iron  whore  the  ibot  had 
•truck  would  fall  out 
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system  would  gain  another  chance,  viz.  that  of  making  the  greatest  number 
of  hits  for  a  given  number  of  shots.     . 

Suppose  an  iron-clad  is  desirous  of  running  past  a  fort  which  defends  an 
important  harbour  or  roadstead,  she  would,  if  possible,  probably  pass  at  a 
rate  of  oyer  10  miles  an  hour.  The  fort  in  this  case  would  only  have  time 
to  fire  a  few  rounds  at  her ;  and  if  the  effect  of  those  rounds  was  merely  an 
external  racking,  the  vessel  might  receive  no  real  injury  at  all — nothing,  at 
least,  which  would  in  all  likelihood  stop  her.  On  the  contrary,  a  happily 
directed  punching  shot  would  have  the  chance  of  destroying  the  machinery, 
blowing  up  the  magazine,  or  establishing  a  leak  at  the  water-line. 

In  attacking  an  iron-clad  by  the  racking  system,  the  whole  effect  is  directed 
against  the  casing  or  armour  plating  of  the  vessel,  which,  for  all  offensive 
purposes,  is  harmless ;  the  enemy  which  we  want  to  cripple  are  the  men  and 
guns  behind  the  armour. 

It  appears  from  these  considerations  that  an  attack  on  the  "  punching " 
system  will  probably  be  attended  with  gain  in  time,  as  the  vital  parts  of  the 
vessel  cannot  be  reached  so  quickly  by  an  attack  on  the  "  racking"  system ; 
and  even  were  an  enemy's  ship  ultimately  shattered,  and  her  offensive  power 
destroyed  by  the  effect  of  heavy  blows,  this  result  might  not  be  effected  before 
the  accomplished  her  object,  partly,  if  not  altogether. 

The  attack  on  the  "  punching  "  system  is  carried  on  in  an  easier  manner 
than  that  on  the  "  racking  "  system.  The  former  employs  light  rifle  guns, 
from  6  to  12  tons,  the  latter  unwieldy  heavy  ordnance  of  from  12  to  50  tons. 
The  "  racking"  projectiles  are  heavy  cast-iron  shot  fired  with  relatively  small 
charges ;  and  the  loading  and  working  of  such  projectiles  and  guns  cannot  be 
carried  out  as  easily  or  expeditiously  as  in  the  case  of  a  system  which  uses  a 
lighter  Bhot  and  relatively  larger  charge. 

The  question  of  expense  is  one  which,  although  it  should  come  last  in  an 
inquiry  of  this  nature,  is  too  often  made  the  most  important  consideration. 
If,  however,  we  compare  the  cost  of  the  9-inch  12-ton  gun,  as  fairly  repre- 
senting the  "  punching  "  system,  and  the  American  15-inch  smooth-bore  gun 
as  representing  the  "  racking "  system,  we  shall  find  that  the  total  cost  of 
gun,  carriage,  and  100  rounds  of  ammunition  is  very  much  the  same  for 
each  gun. 

On  the  one  hand,  the  money  will  have  procured  a  gun  which  can  send  a 
shot,  and  possibly  may  send  a  shell,  through  the  strongest  iron-clad  yet  afloat 
at  1000  yards  range.  On  the  other  hand,  a  gun  will  be  obtained  which,  if 
fired  with  service  charges,  cannot  pierce  the  above  ship  at  any  distance 
whatever — whose  shot  at  1000  yards  would,  if  cast  iron,  merely  indent  the 
armour  and  fall  back  broke  into  the  water,  and  if  steel,  would  merely  lodge 
in  the  ship's  side,  and  whose  shell  would  be  absolutely  worthless  against 
an  iron-clad,  and  even  against  wooden  ships  or  earthworks,  inferior  to  the 
9-inch  rifle  shell  both  in  accuracy  and  bursting-power. 
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Report  of  the  Committee  on  Scientific  Evidence  in  Courts  of  LaWy  con- 
sisting of  the  Rev.  W.  V.  Harcourt,  Professor  Williamson,  the 
Right  Hon.  J.  Napier,  Mr.  W.  Titb,  Professor  Christison,  Mr. 
Carpmael,  Dr.  Tyndall,  Mr.  James  Heywood,  Mr.  J.  F.  Bate- 
man,  Mr.  Thomas  Webster,  Sir  Benjamin  Brodie,  Bart.,  and 
Professor  W.  A.  Miller  :  Professor  Williamson,  Secretary. 

In  the  year  1862  a  Committee  of  this  Association  recommended  that  "By  a 
Legislative  Act  judges  should  he  empowered,  on  application  from  a  suitor,  in 
causes  of  a  technical  character,  to  convene  skilled  assessors,  the  number  of 
whom  should  not  exceed  three,  and  who  should  give  their  opinions  truly 
on  the  statements  of  the  witnesses  in  such  manner  as  they  shall  he  required 
by  the  judge  previous  to  his  adjudication  of  the  cause."  No  legislative  action 
has,  however,  as  yet  been  taken  upon  this  recommendation. 

It  is  admitted  that  the  character  and  functions  of  one  class  of  witnesses  have 
of  late  years  undergone  an  important  development,  which  has  removed  them 
from  the  position  of  ordinary  witnesses.  Tet  no  provision  has  as  jet  been  made 
for  this  alteration,  and  the  new  witnesses  are  in  the  eyes  of  the  law  still  like 
other  witnesses.  These  new  witnesses  may  be  described  as  active  witnesses ; 
for  the  novelty  in  their  functions  consists  in  the  practice  of  collecting  by 
active  exertions  facts  which  are  favourable  to  one  conclusion  upon  the  question 
at  issue,  and  even  making  experimental  researches  for  the  discovery  of  new 
facts  which  may  be  favourable  to  that  side.  An  impartial  witness  goes  into 
court  to  depose  to  such  facts  as  he  may  know  pertaining  to  the  question  under 
investigation,  and  he  is  bound  to  state  those  facts  in  as  accurate  and  straightfor- 
ward a  manner  as  possible,  and  to  avoid  shaping  his  statements  with  a  view  of 
promoting  one  conclusion  or  verdict  more  than  another.  But  an  active  wit- 
ness, when  he  undertakes  to  give  evidence  upon  any  question,  need  not  be 
possessed  of  any  specific  information  bearing  upon  the  question  at  issue.  He 
receives  statements  and  information  from  persons  who  are  interested  in  one  par- 
ticular conclusion,  and  he  receives  no  information  from  the  opposite  party. 
But  with  his  mind  thus  prepared  with  facts  on  one  side  of  the  question,  he 
frequently  sets  to  work  to  verify  these  facts  experimentally,  or  to  find  new 
facts  bearing  upon  the  question  at  issue.  His  opportunities  of  collecting  nets 
for  the  trial  are  one-sided,  and  his  facts  are  mainly  in  favour  of  one  particular 
view  of  the  case — the  view  which  he  has  been  employed  to  support  So 
well  is  this  partiality  of  the  evidence  of  scientific  witnesses  felt  and  acknow- 
ledged, that  the  more  conscientious  witnesses,  and  probably  nfbst  scientific  wit- 
nesses, would  decline  to  give  evidence  at  the  request  of  a  party  whose  case  they 
considered  unjust.  They  know  that  their  efforts  would  tend  to  increase  his 
chances  of  success,  and  they  decline  to  promote  a  cause  which  they  consider 
unjust.  By  thus  acting,  these  conscientious  witnesses  usurp  the  functions  of 
judge  ;  for  they  decide  the  case  in  their  own  minds,  and  either  strive  to  cany 
out  what  they  consider  a  just  conclusion,  or  refuse  to  aid  what  they  consider  an 
unjust  one.  If  his  position  in  a  trial  were  not  of  necessity  one-sided,  and  if 
he  did  not  consider  himself  bound  to  support  the  side  upon  which  he  » 
employed,  a  scientific  or  active  witness  would  have  no  motive  for  forming  an 
opinion  upon  the  subject  at  issue  before  consenting  to  give  evidence,  His  vert 
selection  of  what  seems  the  true  side  is  a  proof  that  he  is  aware  of  being 
necessarily  partial.  With  our  present  procedure,  every  scientific  witness  mnst 
either  allow  ohance  to  decide  which  side  he  will  aid  by  his  exertions,  or  else  he 
must  prejudge  in  his  own  mind  the  question  at  issue,  and  then  6trive  to  carry 


SCIENTIFIC  EVIDENCE  IN  COURTS  OF  LAW.  457 

out  this  verdict  by  exerting  his  energies  on  behalf  of  the  conclusion  which  he 
considers  true.  He  is  compelled  to  be  a  partisan,  and  tries  to  avoid  being  the 
partisan  of  falsehood.  It  is  asserted  that  for  the  ends  of  justice  such  conflicts 
of  evidence  as  are  thus  obtained  between  witnesses  engaged  by  the  opposite 
parties  ought  to  take  place ;  but  no  reason  has  been  shown  why  such  partial 
witnesses  should  be  placed  in  the  position  of  impartial  witnesses,  or  why  there 
should  not  be  scientific  witnesses  so  placed  as  to  have  as  little  bias  as  possible, 
and  able  to  depose  to  facts  which  they  know  to  be  true,  leaving  to  others 
to  weigh  these  against  the  opposite  facts,  and  to  decide  the  question  at  issue 
upon  the  result  of  such  comparison. 

TJje  present  system  oscillates  between  two  evils,  according  as  the  depositions 
of  scientific  witnesses  are  received  by  the  court.  If  received  as  impartial  depo- 
sitions, they  endanger  the  cause  of  truth ;  and  if  considered  partial,  they  are 
liable  to  bring  censure  upon  the  so-called  witnesses  who  make  the  depositions. 

Among  the  various  remedies  for  these  evils  which  have  been  suggested,  the 
two  following  appear  to  your  Committee  most  promising : — 

One  remedy  would  consist  in  the  appointment  by  the  judge  of  some  scientific 
witnesses  in  addition  to  the  witnesses  engaged  by  each  party  respectively  in 
the  suit.  These  judicial  witnesses  would  hear  the  evidence  adduced  on  each 
side,  and  would  be  empowered  to  request  the  witnesses  on  each  side  to  show 
them  the  experimental  or  other  proofs  of  their  statements,  and  they  would  re- 
port to  the  Court  all  important  corrections  of  statements  made  by  the  partial 
witnesses  which  they  might  be  able  to  make,  as  well  as  all  other  facts  of 
which  they  might  be  cognizant,  bearing  upon  the  question  at  issue. 

The  functions  of  these  judicial  witnesses  would,  however,  be  confined  to 
statements  of  particulars  of  evidence.  They  would  have  no  concern  with 
questions  of  law,  and  would  accordingly  be  precluded  from  summing  up  the 
particulars  of  evidence  in  favour  of  any  conclusion,  unless  called  upon  by  the 
judge  to  sum  up  any  part  of  the  evidence.  The  presence  of  these  judicial 
witnesses  could  not  fail  to  act  as  a  check  upon  the  statements  of  partial 
witnesses. 

The  other  form  of  remedy  would  consist  in  the  appointment  by  the  judge  of 
assessors  competent  to  advise  him  respecting  the  evidence  adduced  by  the 
ordinary  witnesses. 

The  Committee  is  of  opinion  that  the  vast  extension  of  natural  knowledge 
which  has  taken  place  of  late  years,  and  the  corresponding  development  of 
manufacturing  processes,  have  necessitated  the  consultation  in  courts  of  law 
of  men  cognizant  of  the  principles  involved  in  any  processes  under  considera- 
tion, and  skilled  in  the  art  of  eliciting  information  upon  them  by  experi- 
ments ;  but  they  are  of  opinion  that  the  action  of  such  persons  requires  some 
check  of  the  kind  above  described. 

They  trust  that  the  Legislature  may  soon  give  to  the  subject  that  attention 
which  it  so  urgently  demands. 


■  The  Report  on  the  Standard  of  Electrical  Resistances,  with  Dr.  Joulr's  Paper 
(referred  to  in  the  Transactions  of  the  Sections,  p.  12),  will  appear  in  the 
next  volume.] 
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Second  Report  on  Maltese  FossiH/erous  Caves  Ifc. 
By  A.  Leith  Adams,  M.A.,  M.B.,  F.G.S. 

The  Report  I  had  the  honour  to  lay  before  the  Members  of  this  Section  tx 
the  last  Meeting  of  the  Association  contained  a  summary  of  my  researches 
and  discoveries  in  connexion  with  the  fossiliferous  caves,  fissures,  and  allu- 
vial deposits  of  the  Maltese  Islands,  but  had  more  especially  reference  to 
the  contents  of  the  Mnaidra  Cave,  which  was  then  only  partially  explored. 
Since  that  period  I  have  been  enabled  to  clear  out  the  above  remarkably  pro- 
ductive locality,  and  continue  previous  researches  in  other  situations,  and 
bring  together  a  large  assemblage  of  fossil  remains,  which  have  been  duly 
forwarded  to  the  Committee  appointed  to  report  on  the  excavations,  together 
with  a  detailed  account  of  them,  as  far  as  I  have  been  able  to  determine. 

Early  in  December  1865  the  explorations  in  Mnaidra  Cave  were  recom- 
menced, at  the  point  where  they  terminated  (as  stated  in  my  last  Report) ;  sod 
they  were  continued  with  unabated  vigour  until  the  entire  d&ris  and  fossfli- 
ferous  remains  were  removed  and  attentively  examined.  Then  the  exact  nature 
of  the  opening  and  mode  of  deposition  of  its  contents  became  apparent 

(1)  Mnaidra  Gap. — Mnaidra,  like  similar  gaps  and  fissures  throughout  the 
islands,  had  at  first  sight  the  appearance  of  a  cave ;  but  when  attenureij 
examined  afterwards,  was  found  to  present  several  roof-openings  by  which 
its  contents  had  been  conveyed  into  the  interior.  It  was  therefore  a  ample 
gap  or  hollow  depression,  covered  in  here  and  there  by  fragments  of  the 
parent  rock  and  stalactite.  Its  greatest  length  was  100  feet,  the  breadth 
varying  from  15  to  40  feet ;  its  eastern  side  and  rounded  extremity  were 
smooth  and  upright,  inclining  slightly  inwards,  whilst  the  western  or  oppo- 
site side  sloped  at  an  angle  of  about  50°,  thus  contracting  the  breadth  of  the 
cavity  to  about  15  feet  at  the  lower  limits  of  the  fossiliferous  deposits,  which 
lay  for  the  most  part  along  the  eastern  walL  The  lowermost  deposits  de- 
scribed in  my  last  Report  continued  much  the  same  to  the  limits  of  the  gap, 
and  showed  no  traces  of  organic  remains.  The  brick-red  clay  on  which  the 
fossiliferous  deposit  rested,  was  found  to  thin  out  towards  the  extremity,  sod 
slope  gradually  downwards  at  a  low  angle  to  about  the  middle  of  the  gap, 
where  it  deepened  and  spread  out  towards  the  entrance  on  the  edge  of  the 
cliff.  Precisely  the  same  colour  pervaded  the  overlying  dsbris  in  whieh  the 
animal  remains  were  distributed,  the  largest  accumulation  of  bones  being 
found  at  the  bottom  of  the  incline — that  is,  about  the  middle  of  the  gap,  where 
the  second  series  of  explorations  were  begun  in  December  1865.  Xor  was 
there  any  material  change  in  the  nature  of  the  fossiliferous  deposits:  the 
same  thin  stratum  of  sandstone  pebbles,  with  teeth  and  fragments  of  hu&e* 
of  the  quadrupeds  and  birds,  continued  on  to  the  furthest  extremity  of  the 
gap,  and  overlay  the  brick-red  clay,  succeeded  by  the  red  and  brae  cIst* 
intermixed  with  large  blocks  of  sandstone — the  fossil  remains  being  found  in 
the  greatest  abundance,  and  in  the  best  state  of  preservation,  wherever  the 
stones  and  clay  predominated.  The  greatest  thickness  of  the  two  lsttrr 
equalled  10  feet,  but  the  average  was  not  above  6  feet.  The  superficial  vhite 
calcareous  drift  on  the  top  attained  a  depth  of  9  feet  in  certain  situsti<aa* 
with  angular  fragments  of  sandstone  and  the  parent  rock  intermixed.  This 
deposit  showed  all  the  appearances  of  its  having  been  derived  from  the  de- 
gradation of  the  two  last-named  formations,  and  was  probably  conveyed  into 
the  gap  by  the  same  agency  that  brought  the  stones  and  clay,  as  teeth,  tusk*, 
and  bones  of  elephant,  and  remains  of  the  large  dormouse,  also  land  sheik 
were  found  here  and  there  throughout,  even  to  within  a  foot  of  the  surfo1. 
Thus  the  maximum  thickness  of  the  fossiliferous  deposit  equalled  18  feet.    It 
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tilled  the  cavity  in  the  shape  of  a  talus,  narrowing  at  th< 
extremity,  and  spreading  outwards  towards  the  entrance.   Th 
fore,  three  distinct  kinds  of  arrangement  of  the  fossiliferous  depoSl 
When  water  passed  down  its  floor,  hearing  along  with  it  small  pebbles  and 
fragments  and  bones  of  teeth  of  the  proboscidian,  rodent,  birds,  and  shells. 
2nd.  A  sudden  rush  of  water  containing  blocks  of  sandstone  from  the  slope 
above,  soil,  and  portions  or  whole  carcasses  of  the  animals  just  mentioned,  and, 
finally,  the  scourings  of  the  rock-surfaces  and  whatever  organic  remains  and 
d&ris  were  lying  thereon.    The  mode  of  arrangement  of  the  deposits  indi- 
cated that  they  had  been  borne  down  the  west  and  north  sides,  from  the  cir- 
cumstance that  the  debris  and  remains  were  piled  up  pell-mell  along  the  con- 
cave eastern  wall,  the  most  perfect  remains  being  found  near  the  inner 
extremity  of  the  gap,  whilst  fragments  of  bones  increased  towards  the  entrance. 
()n  the  slope  above,  in  the  direction  just  indicated,  were  discovered  several 
sandstone  blocks  lying  in  the  pot-holes  and  waterworn  crevices  of  the  lower 
limestone,  as  if  they  had  been  deposited  there  at  the  same  time  that  the  masses 
were  carried  into  the  gap.    Although  many  bones,  especially  those  of  the 
feet,  showed  every  appearance  of  having  being  introduced  in  the  flesh,  there 
were  not  a  few  that  testified  by  their  cracked  exterior  and  surface-decay,  that 
they  had  been  bleaching  in  the  open  air  before  they  were  conveyed  into  the 
gap.    At  all  events  the  organic  remains  could  not  have  been  brought  from 
any  great  distance,  as  is  exemplified  by  the  perfect  state  of  preservation  of 
the  majority  cf  the  teeth  and  bones  of  the  proboscidian.    In  my  last  IleptgdK 
estimated  that  remains  of  upwards  of  fifty  individual  elephants  had  been 
identified  up  to  the  termination  of  the  first  series  of  explorations ;  since  then 
more  than  100  elephants'  teeth  alone  have  been  added  to  the  above,  besides 
many  important  bones  of  the  skeleton.  The  remains  of  the  gigantic  dormouse, 
more  especially  at  the  upper  extremity  of  the  gap,  were  so  numerous  that 
there  was  scarcely  a  square  inch  of  the  lower  stratum  that  did  not  contain 
abundant  relics  of  this  rodent. 

(2)  Oandia  Fissure. — The  phenomena  represented  by  the  Mnaidra  gap  were 
again  repeated  inland  in  an  ossiferous  fissure  in  the  calcareous  sandstone  in 
the  district  of  Gandia,  three  miles  to  the  east.  Here  during  the  summer  of 
1865  I  cleared  out  a  gaping  rent,  communicating  with  the  surface,  and  filled 
to  the  depth  of  8  feet  with  red  earth  and  masses  of  the  parent  rock,  among 
which  were  discovered  teeth  of  upwards  of  sixteen  individual  elephants,  of 
nearly  all  ages,  together  with  bones  of  the  rodent,  and  those  of  water-birds, 
including  species  of  very  large  proportions,. as  evinced  by  the  length  and 
dimensions  of  the  articulating  surfaces  of  the  bones — the  breadth  across  the 
condyles  of  one  femur  being  2  inches.  It  is  worthy  of  note  that  all  the  ossi- 
ferous cavities  and  deposits  hitherto  discovered  in  the  Maltese  Islands  have 
been  either  in  the  downcast  or  denuded  districts.  The  latter  embrace  nearly 
two-thirds  of  the  island  of  Malta,  viz.  the  whole  of  that  portion  eastward  of 
a  line  passing  about  N.  and  S.  through  Civita  Yecchia.  It  is  computed  that 
a  thickness  of  from  400  to  500  feet  of  limestone,  sand,  marl,  and  sandstone 
baa  entirely  disappeared  from  the  above  locality.  In  some  places  the  sand- 
stone has  been  entirely  denuded,  bringing  into  view  the  lower  limestone,  which, 
from  its  hardness,  has  retained  the  traces  of  sea-action  on  its  surface. 

(3)  St.  Leonardo  Fissure. — Another  example  of  a  similar  description  to  the 
two  last  described  was  afforded  by  the  contents  of  St.  Leonardo  Fissure,  situated 
in  the  calcareous  sandstone  on  the  N.E.  coast  of  Malta,  and  close  to  the  sea, 
which,  however,  had  washed  away  the  greater  portion  of  the  contents  before 
»y  attention  was  directed  to  the  locality.  Here,  under  precisely  the  same 
conditions  as  just  mentioned,  I  discovered  teeth  and  fragments  of  a  skeleton 
°f  a  young  elephant.     Such  accumulations,  either  with  or  without  organic 
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remains,  are  common  throughout  the  denuded  district,  displaying  in  every 
instance  the  same  pell-mell  arrangement  of  their  contents. 

(4)  Beaghxra  €hp. — At  the  SJ5.  extremity  of  Malta,  and  five  miles  from 
Mnaidra  Gap,  in  the  calcareous  sandstone,  is  situated  a  little  gorge,  forming 
an  inlet  np  which  the  sea  penetrates  for  700  feet  to  the  base  of  an  accumula- 
tion of  stratified  blocks  of  sandstone  and  red  soil,  which  fill  the  further  end  of 
the  gap,  and  extend  inwards  for  several  hundred  feet.     My  attention  was 
directed  to  this  spot  during  the  winter  months  of  1864,  in  consequence  of 
observing  several  elephants'  teeth  and  bones  lying  among  the  eUbrii.    The 
sides  of  this  hollow  incline  at  angles  of  45°,  embracing  between  them  a 
surface  breadth  of  110  feet  of  alluvial  deposit,  the  maximum  height  being 
32  feet     An  entire  section  of  this  gap  displays  the  following  appearances  :— 
A  layer  of  large  partially  waterworn  blocks  of  sandstone,  derived  from 
the  pale  variety  in  which  the  gap  is  formed,  occupies  several  feet  of  the 
bottom,  mixed  up  pell-mell  with  red  soil  and  silt,  derived  from  disintegrated 
fragments  of  the  same  sandstone.     Superimposed  on  the  mass  is  a  layer  of 
gravel  and  much  waterworn  pebbles  of  the  parent  rock,  presenting  the 
hardening  process  by  which  the  percolation  of  water  highly  charged  with 
carbonate  of  lime  had  for  the  most  part  converted  them  into  a  compact 
limestone.     The  above  passed  into  a  stratum,  3  ft.  in  thickness,  of  red 
loam  highly  impregnated  with  iron,  and  containing  pebbles  with  a  few 
larger  sandstone  blocks ;  the  latter  form  another  layer  several  feet  in  thici- 
n|FJ^  on  the  top  of  the  last.    These  blocks  are  far  more  rounded  and  water- 
worn  than  the  lowermost,  with  deep  grooves  and  hollows  scooped  out  on  their 
surfaces, — the  largest  attaining  a  girth  of  from  ten  to  fifteen  feet,  and  showing, 
as  in  the  case  of  all  the  stones  in  the  gap,  the  metamorphic  process  referred 
to,  which  proceeds  from  without  inward,  so  that  many  present  an  outer  ring  of 
a  pale  green  limestone,  whilst  the  inner  part  retains  the  original  soft  porous 
texture  of  the  rock.      It  was  in  this  layer,  situated  from  22  to  25  feet  from 
the  surface,  that  the  greatest  amount  of  organic  remains  was  discovered,  more 
especially  on  the  eastern  side,  where  the  blocks  are  not  so  numerous  and  the 
soil  is  more  closely  packed  between  them  than  on  the  west  side,  where  the 
stones  were  more  crowded,  with  little  soil  between  them,  and  that  of  a  finer 
consistence,  as  if  it  had  been  ground  by  attrition  between  "the  blocks.    As 
before,  another  layer  of  pebbles  and  soil  lay  on  the  top  of  the  last-mentioned 
stratum  and  to  within  about  4  feet  of  the  surface,  where  the  deep-red 
loam  changed  to  a  white  calcareous  drift,  containing  scattered  fragments  of 
sandstone,  which  showed  some  appearances  of  stratification.    Thus  the  sec- 
tion displayed  several  distinct  alternations  of  large  blocks  and  layers  of  loam 
and  pebbles,  representing  periods  of  violence  and  comparative  quiescence  such 
as  might  be  expected  from  occasional  violent  floods  and  freshets  succeeded  hy 
less  powerful  currents  which  only  bore  down  the  lighter  detritus.     This  is 
well  seen  in  the  layers  of  red  loam  with  waterworn  pebbles  interspersed 
throughout  at  various  levels,  as  if  they  had  slowly  sunk  in  the  soft  nrod  at 
the  bottom  of  a  stream.    The  organic  remains  were  discovered  at  all  levels, 
excepting  in  the  white  upper  drift,  and  showed  undeniable  traces  of  the  forces 
which  had  acted  so  powerfully  on  the  other  contents.  Among  the  large  blocks 
of  sandstone  were  found  portions,  and,  in  one  or  two  instances,  seemingly 
entire  skeletons  of  elephants,  together  with  numbers  of  the  great  donnonsr, 
between  the  masses  of  rock,  as  if  the  Bodent  had  been  drowned  and  had  sank 
into  the  hollows  between  the  stones.     Fragments  of  birds'  bones  of  large  di- 
mensions, together  with  those  of  the  great  river-tortoise,  a  small  lizard  ahont 
e  dimensions  of  the  common  chameleon,  and  frogs,  were  met  with  chiefly  in 
b  red  loam  and  pebbly  strata.      Land  shells  in  large  numbers,  principally 
Longing  to  Hdix  and  Cfaiisilia,  wore  frequently  found  under  the  largt-st 
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blocks,  or  strewn  along  with  the  other  animal  remains.  Several  skulls  of 
elephants  with  the  teeth  in  situ  were  found  impacted  between  blocks  as  if 
they  had  been  retained  by  means  of  rock  which  had  fallen  on  them  with 
considerable  force,  as  was  further  testified  by  the  underlying  mass  having  been 
cracked  by  the  violent  impact  of  the  one  above  it.  In  one  situation  the  right 
lower  ramus  of  an  elephant,  almost  entire,  with  the  loss  only  of  its  condyle, 
was  found  jammed  between  two  large  blocks,  one  of  which  had  struck  the 
jaw  at  the  commencement  of  the  diastema  on  the  inner  side,  and  bent  the 
anterior  portion  nearly  at  right  angles.  Nevertheless  tusks,  almost  entire, 
were  often  met  with  even  among  the  smaller  stones.  The  bones  and  the 
teeth  were  for  the  most  part  covered  by  calcareous  incrustation,  taking  the 
shapes  of  dendrites ;  and  frequently  the  larger  bones,  skulls,  &c.  were  encased 
in  layers  of  stalagmitic  red  soil,  as  if  the  hardening  of  the  matrix  had  been  the 
result  of  decomposition  of  the  soft  parts  after  deposition  in  the  gap.  The 
extent  of  my  explorations  in  Benghira  gap  did  not  exceed  a  section  of  about 
S  feet  in  thickness ;  nevertheless  there  turned  up,  more  especially  among  the 
large  blocks,  teeth  of  upwards  of  twenty-four  individual  elephants,  of  all 
ages,  from  the  unworn  crown  of  the  calf  to  the  last  true  molar  of  the  aged. 
Several  detached  bones  displayed  traces  of  former  exposure  to  the  atmosphere, 
by  the  presence  of  cracks  and  honeycombed  perforations.  The  appearance 
presented  by  this  remarkable  collection  of  organic  remains  seems  to  me  to  indi- 
cate clearly  that  the  gap  had  at  one  time  formed  the  bed  of  a  stream  subject 
to  occasional  violent  floods,  which  bore  down  whatever  animal  remains  came 
within  its  reach.  The  direction  of  this  ancient  torrent-bed  is  not  now  trace- 
able beyond  a  few  hundred  feet  south-westward,  owing  to  the  changes  of  level 
and  the  advancement  of  the  sea  on  the  coast-line.  At  all  events  the  evidence 
is  strong  that  the  aqueous  agencies  which  conveyed  the  contents  of  Benghira  gap 
into  their  present  situation  must  have  been  of  no  common  order  or  intensity, 
whilst  the  blocks  were  not  conveyed  from  any  great  distance,  at  a  period,  too, 
when  the  denudation  of  the  district  was  about  the  same  as  at  present 

My  recent  explorations  in  the  Maltese  post-tertiary  deposits  clearly  de- 
monstrate that,  besides  the  pigmy  fossil  elephant,  so  named  by  the  late  Dr. 
Falconer  from  remains  collected  by  Captain  Spratt  in  the  cave  of  Zebbug,  I 
have  also  found  undoubted  remains  of  an  elephant  which  attained  the  di- 
mensions of  a  small-sized  Asiatic  or  African  species.  The  data  from  which  I 
have  deduced  this  statement  have  been  fully  recorded  in  papers  sent  to  Pro- 
fessor Busk,  where  the  dental  characters  of  upwards  of  120  individual  ele- 
phants, besides  the  bones  of  the  trunk  and  extremities,  are  set  down  with 
studied  care  and  accuracy.  I  have  therefore  been  brought  to  the  conclusion 
that  all  the  elephantine  remains  found  by  me  in  the  Maltese  alluvial  deposits 
belong  to  one  species.  For  example,  the  largest  last  true  molar  found  by  me 
gave  a  maximum  length  of  8*4  inches,  and  breadth  of  2-3  inches,  which  is 
about  equal  to  the  dimensions  of  intermediate  size  between  the  first  and 
second  true  molars  of  the  Asiatic  elephant  Again,  of  four  first  milk-teeth, 
only  one  of  which  showed  well-marked  signs  of  wear,  the  maximum  length 
did  not  exceed  «55  inch,  whilst  that  of  the  Asiatic  is  usually  between  *6  and 
7  inch.  All  the  tusks  of  the  Maltese  elephant  had  perfectly  straight  tips, 
and  curved  gently,  as  in  the  recent  species.  The  largest  yet  discovered  was 
found  in  Mnaidra  Gap.  It  embraced  a  portion  of  the  pulp-cavity,  and  4  feet 
2  inches  of  the  body,  and  had  a  maximum  girth  of  15  inches,  whilst  at  the 
distal  fractured  extremity  it  measured  13  inches,  indicating  that  the  species 
could  not  originally  have  been  under  5  feet  in  length.  On  comparing  certain 
vertebrae  with  those  of  the  Indian  elephant  dissected  by  Blair,  whioh  was  sur- 
mised to  have  been  20  to  28  years  of  age,  and  of  middle  stature,  its  height 
at  the  fore  leg  being  at  8£  feet,  I  find  that  the  diameters  of  the  bodies  of  two 
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vertebra  from  Mnaidra  Gap  slightly  exceed  those  of  the  above.    Alforin^ 
therefore,  for  discrepancies  as  to  size  of  the  tusks,  it  is  apparent  that  tin 
owners  of  the  above  teeth  and  bones  were  not  markedly  diminutive  speck* 
compared  with  any  living  or  fossil  elephant    The  question,  however,  wbetter 
more    than    one  species    is  represented  by  the  remains  in    the  Matte* 
deposits  deserves  the  fullest  attention,  from  the  able  remarks  read  by  Pro- 
fessor Busk  in  a  paper  read  before  the  Zoological  Society  of  London  with  re- 
ference to  the  Zebbug  cave-deposits,  none  of  which  I  have  had  an  oppor- 
tunity of  examining,  with  the  exception  of  one  molar;  and  that  I  have  found 
equal  to  one  of  the  intermediate  teeth  of  the  species  here  referred  to. 

The  dentition  of  the  Maltese  fossil  elephant  as  observed  by  me  furnishes 
characters  similar  to  the  Loxodon  group,  whilst  the  crown-pattern  resembles 
closely  that  of  FUphas  antiquus.  The  teeth,  however,  are  relatively  much 
smaller,  and  present  a  different  ridge-formula,  which,  from  the  extensive  and 
varied  materials  I  have  examined,  appears  to  me,  exclusive  of  talons,  to  stand 

as  follows : — 

Milk-Molars.  True  Molars. 

3r7-r9  10  -r  11  -r  13 


3^7-^9  10  4- 11  -r  13-14 

Remains  of  birds  were  very  common  in  nearly  all  the  localities,  and  em- 
braced various  species.  Baptores  of  large  dimensions  were  represented  bj 
foot-  and  wing-bones  from  Mnaidra  Gap,  where  likewise,  as  before  stated, 
water-birds,  including  gigantic  QraXUx  and  Anserts,  were  plentiful.  TV 
presence  of  a  very  large  river-tortoise  was  repeatedly  confirmed  by  the  dis- 
covery of  heads  of  femurs  and  other  portions  of  the  skeleton ;  and  besides  the 
testacea  enumerated  in  my  last  Report,  I  have  found  associated  with  tine  ele- 
phants' teeth  and  bones  several  specimens  of  a  recent  shell  {Helix  tprntti) 
hitherto  only  met  with  in  the  Maltese  Islands.  From  a  digest  of  all  the 
evidences  deducible  from  the  geological  structure  and  fossil  fauna  enumerated 
in  this  and  the  previous  Report,  it  may  be  inferred  that  the  old  Miocene  for- 
mation, of  which  the  Maltese  group  are  composed,  underwent  subsequently 
extensive  upheavals,  and  formed  a  considerable  tract  of  land,  tenanted  by 
vast  herds  of  Hippopotami,  elephants,  and  other  quadrupeds,  together  with 
birds  and  reptiles,  almost  specifically  distinct  from  any  species  yet  found  else- 
where, and  at  a  time  when  the  land  testacea  were  identical  with  those  now 
inhabiting  the  islands, — that  at  a  subsequent  period  the  whole,  or  at  least  hy 
far  the  greater  portion  of  this  area,  was  again  submerged  under  the  sea,  and 
reelevated  at  a  still  later  period,  when,  after  various  oscillations  of  level, 
the  subterranean  movements  ceased,  leaving  the  present  insular  fragment*. 
The  extent  or  direction  of  the  ancient  post-miocene  land  is  at  present  .♦» 
matter  of  mere  speculation ;  but  no  doubt  the  obscurity  hanging  over  th<» 
subject  will  in  time  be  dissipated,  when  the  shores  and  other  islands  of  the 
great  inland  sea  come  to  be  carefully  explored,  especially  Sicily,  Candia. an-i 
the  Eastern  Archipelago,  also  the  western  portions  of  the  Mediterranean, 
which  promise  rich  stores,  as  has  already  been  demonstrated  by  the  wonderful 
discoveries  made  by  Captain  Brome  in  the  caverns  and  fissures  of  Gibraltar. 
I  have  in  this  and  the  previous  Report  attempted  to  lay  before  the  Member* 
of  the  Geological  Section  a  cursory  account  of  my  researches  in  the  cave*, 
fissures,  and  alluvial  deposits  of  the  Maltese  Islands ;  and  now  thai  I  have 
finished  my  task,  and  been  compelled  by  unavoidable  circumstances  to  relin- 
quish my  labours,  I  cannot  but  here  humbly  express  my  high  admiration  of 
the  encouragement  I  have  received  from  the  Members  of  the  British  Associa- 
tion. No  doubt  much  vet  remains  to  be  done  in  the  field  of  my  late  labour* 
I  opine,  however,  that  the  data  furnished  by  the  splendid  collection  of  ek- 
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phantine  remains  I  have  deposited  with  your  Committee  will  satisfy  both 
them  and  70a  that  your  generous  aid  has  not  been  unrewarded. 


Letter  to  the  President :  Professor  Matteuci  on  Earth  Currents. 

Florence,  1«  Aout,  1806. 

Mow  cher  Aki, — Je  n'ai  pas  besoin  de  vous  dire  eombien  je  regrette  de  ne 
poovoir  pas  accepter  votre  oordiale  invitation  pour  assister  a  la  British  Asso- 
ciation de  cette  annee ;  j'ai  6t4  deux  fois  a  cette  reunion,  a  York  et  a  South- 
ampton, et  j'en  ai  rapporte  les  impressions  les  plus  donees  et  les  plus  cheres 
de  ma  vie.  L' Association  Britannique  est  une  des  Institutions  que  je  desire 
le  plus  de  voir  penetrer  et  s'enraciner  en  Italic. 

Je  regrette  d'autant  plus  de  ne  pouvoir  assister  a  la  reunion  qui  aura  lieu 
en  quelques  jours  a  Nottingham,  car  j'aurais  vouhi  attirer  Pattention  du  Comite 
but  un  sujet  de  recherche  qui  meYite  toute  Pattention  et  l'encouragement  de 
1' Association.  Je  veux  dire,  l'e'tude  des  courants  electriques  de  la  terre. 
Depuis  trois  ans  je  m'occupe  de  ce  sujet  qui  a  interesse*  vivement  en  Angle- 
terre  beaucoup  de  savants  et  entre  autres  le  celebre  Astronome  de  Greenwich. 
L'obscurite'  et  Pincertitude  qui  regnent  encore  malgre'  ses  travaux  sur  ce  sujet 
dependent  principalement  de  deux  causes ;  c*est  a  dire,  1°  de  la  maniere  im- 
parfaite  d'operer  qui  introdnisait  des  causes  d'erreur  dans  les  experiences :  2° 
de  Pimpossibilite'  ou  ont  £te*  jusqu'ici  tous  les  Physiciens  qui  s'en  sont  ocenpes 
de  varier  convenablement  les  experiences.  J'ai  la  certitude  d'avoir  absolument 
ecarte  la  premiere  difficult*'  et  je  orois  de  Pavoir  prouve  asses  dans  deux  com- 
munications que  j'ai  faites  a  PAcademie  dee  Sciences  de  Paris  en  1864  sur  les 
courants  electriques  de  la  terre.  Je  vais  bientdt  communiquer  a  la  meme 
Academie  des  reeultats  nouveaux  et  encore  plus  concluants.  Je  deUe  les 
Physiciens  qui  se  sont  occupes  jusqu'ici  de  ce  sujet  sans  employer  les  elec- 
trodes de  zinc  amalgame*  plonges  dans  la  solution  de  sulfate  de  sine  neutre 
et  saturee,  je  les  delie  d'affirmer  que  les  deviations  qu'ils  observent  sont  dues 
a  des  courants  electriques  qui  n'ont  pas  leur  origine  ou  dans  les  electrodes, 
ou  dans  les  couches  terrestres  immecliatement  en  contact  de  ces  electrodes. 
Ik  ont  pu  decrire  de  grandee  variations  des  courants  electriques  dans  leurs 
circuits  et  rattacher  ces  variations  aux  aurores  boreales  ou  a  des  tempe*tes 
magnltiquee,  mais  ils  n'ont  pu  rien  assurer  sur  la  direction  et  sur  la  force  des 
courants  terrestres.  Ces  defauts  n 'existent  pas  dans  ma  methode  d'operer  et, 
•oit  qu'on  opere  avec  les  lames  de  zinc  preparees  comme  je  Pai  dit  et  plongeee 
dans  les  cyhndres  d'argile  cuite  qui  plongent  dans  Peau  de  deux  puits  places 
a  I'extremite*  du  circuit,  soit  qu'on  tienne  ces  cylindres  plonges  dans  une 
couche  de  gravier  de  la  meme  qualite*  aux  deux  extremites  et  qui  forment  une 
couche  de  a  peu  pres  1  metre  cube,  on  est  certain  des  deux  manieres,  que  les 
courants  qu'on  obtiendra  dans  ces  circuits  sont  independents  des  causes  d'erreur 
et  qu'on  pent  les  appeler  courants  naturels  de  la  terre.  G'est  ainsi  que  je 
regarde  comme  parfaitement  etabti,  qu'on  a  de  ces  courants  toutes  le^fois  que 
les  extremites  du  circuit  plongent  k  des  hauteurs  dinVrentes  dans  lc  sol  et  que 
ce  courant  est  ascendant  dans  le  fil  metailique ;  que  la  direction  et  Pintensite' 
de  ces  courants  sont  independantes  de  la  position,  de  la  hauteur,  et  de  la  con- 
figuration de  la  partie  metailique  du  circuit ;  que  lorsque  les  extremites  de 
cette  hgne  sont  placees  le  long  du  meridion  et  plongent  a  une  certaine  distance 
entre  eUes,on  a  dans  cette  ligne  une  circulation  d'eleetrioite'  dont  la  direction 
est  oonstante  et  qui  est  sujette  a  des  variations  regulieres  pendant  le  jour, 
tandis  que  cette  regularity  et  cette  Constance  cessent  dans  une  ligne  semblable 
equatonale. 

Mais  cette  partie  de  ma  me*thode  ne  suffit  pas  pour  completer  ces  recherches. 
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II  fant  absolument  abandonner  lea  lignes  teLegraphiques  et  avoir  da  ligaes 
expresses  pour  ccs  experiences  oomme  oelles  sur  lesquelles  j?ai  pa  opera  in 
camp  de  St.  Maurice,  et  avoir  en  meme  temps  nn  certain  nombre  d'aide*  pour 
pouvoir  exeeuter  une  serie  d'experiences  dans  on  temps  qui  ne  doit  jamais 
etre  trop  long.     II  faudrait  done  pouvoir  se  procurer  du  fil  de  cnivre  convert 
de  gutta-percha  pour  une  longueur  de  20  miles,  qui  an  prix  de  £14  pour  1  mile 
anglais,  couterait  £280.     Evidemment,  apres  un  temps  d'4  pen  pres  six  mois 
d'experiences  on  pent  calculer  que  ce  prix  ne  serait  pas  diminue  de  plus  dHm 
tiers.     Ajant  un  terrain  uniforme,  horizontal,  une  plaine,  il  faudrait  y  &m- 
struire  deux  lignes  a  angles  droits  de  10  miles  Tune,  e'est  a  dire,  dans  le  me- 
ridien  et  dans  l'equateur  magn&ique.     Avant  tout  il  faudrait  s'assurer  qu'il 
n'y  a  pas  de  difference  dans  les  resultats  en  operant  sur  une  ligne  suspends* 
sur  des  poteaux  et  sur  une  ligne  parallele  et  souterraine.     L'observateur 
charge  de  ces  experiences  devrait  etre  place*  au  point  ou  les  deux  lignes  se 
croisent  afin  de  pouvoir  observer  en  meme  temps  les  deux  galvanomebes  ou 
bouasoles-tangentes  introduits  dans  les  deux  circuits.     H  faudrait  au  moins 
deux  observateurs  pour  continuer  les  observations  pendant  toutes  les  24  heures. 
Aux  quatre  extremites  des  deux  lignes  on  devait  avoir  une  garde  charges  de 
maintenir  les  extremites  et  les  communications  avec  le  sol  en  bon  etat,  et  ces 
gardes  pourrait  exeeuter  les  modifications  qui  leur  seraient  indiquees  d"avance. 
II  ne  serait  pas  difficile  d'obtenir  avec  une  faible  depense  ces  garths  d'une 
administration  telegraphique.     En  reussisBant  4  s'assurer  (oomme  j'ai  raiaon 
de  croire  qu'il  en  est  ainsi)  que  les  effete  sont  les  memes  dans  une  ligne  sua- 
pendue  et  dans  une  ligne  souterraine,  il  y  aurait  de  grands  avantages  a  oon- 
struire  souterraines  les  deux  lignes  que  nous  avons  dites. 

Les  recherches  principales  devraient  etre  executees  dans  le  but  de  connsitre : 
1°  l'influence  de  la  longueur  des  lignes  ou  couches  terrestres  sur  lea  courants 
de  la  terre  et  cela  en  operant  en  meme  temps  sur  trois  lignes  paraUeles  de  1, 
5  et  10  miles :  on  pourrait  apres  operer  sur  ces  trois  lignes  egalement  paral- 
leles  maifl  placees  normalement  a  la  premiere  position ;  2°  Comparaison  des 
effete  des  lignes  suspendues  et  des  lignes  souterraines;  3°  Influence  de  la 
profondeur  de  la  couche  ou  plongent  les  extremites.  Pour  cela  on  devrait 
avoir  des  lignes  paraUeles  de  la  meme  longueur,  dont  les  extremites  seraient 
placees  a  la  surface,  a  1  metre  4  2  metres  de  profondeur,  se  mettant  4  Tabri 
de  l'influence  de  Thumidite  de  la  couche  immidiatement  en  contact  des  elec- 
trodes. 4°  Etude  dans  des  conditions  tres-variees  de  l'influence  sur  les  con- 
rants  de  la  terre  de  la  difference  de  niveau  ou  plongent  les  deux  extre- 
mites. 5°  Une  assez  longue  serie  d'experiences  pour  pouvoir  comparer  les 
intensites  et  la  direction  die  ces  courants  dans  les  deux  lignes  4  angles  droits 
et  de  longueur  variable  dans  les  differentes  heures  de  la  journee.  6°  Etude 
comparative  de  ces  phenomenes  avec  I'&at  electrique  de  l'atmosphere  et  le 
magnetisme  terrestre.  Apres  m'etre  occupe  pendant  si  longtempe  de  ce  sujet 
je  n'ai  aucune  difficult^  4  affirmer  qu'il  y  a  la  presque  certitude  de  reuaeir  4 
reeoudre  ces  questions  avec  clarte.  Je  n'ai  pas  besoin  de  dire  que  lea  rela- 
tions entre  ces  courants  eleetriques  de  la  terre  et  le  magnetisme  terrestre  et 
l'electricite*  atmospherique  sont  certainement  un  des  problemes  les  plus  int6- 
reasante  de  la  physique  terrestre !  on  doit  ajouter  que  tons  ces  phenomenes 
sont  intimement  lies  avec  la  nature  et  les  lois  de  l'electriciil,  du  magnetisme, 
de  rattraction  universelle. 

Je  suis  done  fonde*  4  recommander  l'etade  de  ce  sujet  aux  encouragements 
de  r Association  Britannique  pour  les  Sciences,  et  par  consequent  4  son  iltas- 
tre  President  de  cette  annee  dont  je  suis  depuis  bien  des  annees  et  je  serai 
pour  toute  la  vie  Son  tres-affectionne* 

C.  Mattsctcci. 
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Mathematics. 

On  Plane  Stigmatic*.    By  Alexander  J.  Ellis,  F.R.S. 

This  paper  is  a  continuation  of  that  read  at  the  Bath  Meeting  (Report  of  the  Brit 
Assoc.  1864,  Trans,  of  Sections,  p.  2).  By  means  of  diagrams  the  meaning  of  the 
stigmatic  line,  stigmatic  involution,  stigmatic  homography,  and  the  stigmatic  circle 
was  illustrated,  and  these  were  shown  to  include  the  straight  line  and  circle  of 
Descartes,  and  the  involution  and  homography  of  Chasles,  as  particular  cases.  The 
imaginary  points  of  intersection  of  a  stright  line  and  circle,  the  imaginary  double 
points,  and  imaginary  double  rays  of  an  involution  and  homography,  &c.  were,  for 
the  first  time,  publicly  exhibited  on  paper.  And  an  attempt  was  thus  made  to  show 
that  the  principle  of  stigmatics,  as  explained  in  the  papers  cited,  affords  a  complete 
solution  of  the  problem  of  the  geometrical  signification  of  imaginaries  in  the 
geometries  of  Descartes  and  Chasles,  and  establishes  an  unbroken  agreement  be- 
tween ordinary  algebra  and  plane  geometry. 

On  Practical  Hyptometry.    By  Alexander  J.  Ellis,  F.B.S. 
If  the  heights  of  the  barometer  be  B,  b  inches,  the  temperatures  of  the  air  A,  a 
degrees  Fahr.,  and  the  temperatures  of  the  mercury  M,  m  degrees  Fahr.  at  the 
lower  and  upper  stations  respectively,  then,  for  all  British  heights,  the  difference  of 
the  level  of  tue  two  stations  is 

English  feet  to  the  nearest  unit,  with  the  same  accuracy  as  by  Laplace's  complete 
formula.  Beyond  the  British  isles,  small  corrections  for  the  alteration  of  gravity 
in  latitude  and  on  the  vertical,  have  to  be  made,  but  when  aneroid  barometers 
ire  used,  these  corrections  may  be  neglected,  as  being  much  inferior  to  the  pro- 
bable instrumental  error.  The  heights  must  be  taken  in  sections  not  exceeding 
4000  feet  each,  both  on  account  of  the  construction  of  the  formula,  and  of  the  un- 
known law  of  variation  of  temperature.  When  the  decrease  of  the  temperature  of 
the  air  does^  not  vary  nearly  as  the  decrease  of  the  height  of  the  barometer,  or 
the  observations  at  both  stations,  when  distant,  are  not  simultaneous,  or  the  two 
stations  are  not  nearly  north-east  and  south-west  of  each  other,  the  results  of 
barometric  hypsometry  must  be  received  with  great  caution. 

1860.  1 
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Description  of  a  New  Proportion-Table,  equivalent  to  a  Sliding-rul*  13  ft  ft 
4  inches  long.  By  J.  D.  Everett,  D.C.L.,  Assistant  Professor  of  Mathe- 
matics in  Glasgow  University. 

The  distinctive  feature  of  the  new  arrangement  consists  in  breaking  up  each  of 
the  two  nieces  which  compose  a  sliding-rule  into  a  number  of  equal  parts,  and  ar- 
ranging tnese  consecutively  in  parallel  columns,  the  columns  in  one  of  the  two  race* 
being  visible  through  openings  cut  between  the  columns  of  the  other.  The  large- 
ness of  the  scale  is  such  that  the  space  from  1  to  1*1  is  divided  into  a  hundredpart*. 
the  smallest  of  these  being  ^  of  an  inch  long.  The  material  employed  is  Bristol 
board,  printed  from  copper  plates,  the  dimensions  of  each  board,  exclusive  of  mar- 
gin, being  1%  by  8  inches. 

Multiplication  and  division  can  be  performed  by  this  Table  with  the  same  ac- 
curacy as  by  four-figure  logarithms,  ana  with  greater  ease  and  expedition.  Formulae 
not  adapted  to  logarithmic  computation  are  thus  rendered  available,  and  with  the 
aid  of  a  small  table  of  natural  sines  and  tangents  the  calculations  of  nautical  astro- 
nomy can  be  performed  with  great  facility  and  with  all  needful  accuracy. 

On  certain  Errors  in  the  received  Equivalent  of  the  Metre,  Sfc.   By  F.  P.  Fellows. 

On  Tschirahausen's  Method  of  Transformation  of  Algebraic  Equations,  awl 

some  of  its  Modern  Extensions.  By  the  Rev.  Prof.  R.  Harlet,  F.BJS. 
It  has  long  been  known  that  any  algebraic  equation  may  be  deprived  of  its  second 
term  by  a  linear  transformation.  Tschirnhausen  introduced  quadratic,  and  suggested 
higher  transformations,  and  thus  opened  the  way  to  great  progress  in  the  theory. 
He  showed  that  by  the  solution  of  a  linear  equation  and  or  a  quadratic,  any  alge- 
braic equation  may  be  deprived  of  its  second  and  third  terms  simultaneously.  The 
complete  quintic  may  in  this  way  be  reduced  to  a  quadrinomial  form.  Erland 
Bring,  Professor  of  History  in  the  University  of  Lund,  m  a  paper  bearing  date  14th 
December  1786,  seems  to  have  been  the  first  to  extend  Tschirnhausea's  method  so 
as  to  reduce  the  quintic  to  a  trinomial  form  by  depriving  it  of  its  second,  third,  and 
fourth  terms  simultaneously.  (See  a  paper  by  Prof.  Harley,  entitled  "A  Contri- 
bution to  the  History  of  the  Problem  of  the  Seduction  of  the  General  Equation  of 
the  fifth  Degree  to  a  Trinomial  Form/1  Quarterly  Journal  of  Matheinatics,  toL  vi 
pp.  88-47.)  Bring'g  process  has  lately  been  simplified  by  Mr.  Samuel  Bill*  of 
Hawton,  near  Newark ;  and  Pro£  Harley  explained  to  the  Section  how  Mr.  I&UYt 
method  might  be  extended  so  as  to  deprive  the  general  equation  of  the  nth  degree 
of  its  second,  third,  and  fourth  terms  by  the  solution  of  equations  none  of  which 
rise  higher  than  the  third  degree ;  and  of  its  second,  third,  and  fifth  terms  by  the 
solution  of  equations  none  of  which  rise  higher  than  the  fourth  degree.  (See 
"  Mathematics  from  the  Educational  Times/'  voL  i.  pp.  8,  38-40,  57,  68.)  Notice 
was  taken  of  the  labours  of  other  investigators  in  the  same  field,  particularly 
Mr.  Jerrard,  Sir  W.  K.  Hamilton,  Chief  Justice  Cockle  (Queensland),  Pro£  Cavlev, 
and  Prof.  Sylvester.  The  author  concluded  with  some  observations  on  the  alleged 
solutions  of  the  general  quintic  by  the  late  Mr.  Jerrard  and  Judge  Hargreave. 

On  Differential  Besolvents.    By  the  Rev.  Professor  R.  Hart.ky,  F.BJS. 

The  author  gave  a  short  account  of  his  researches  on  differential  resolvents 
particularly  those  connected  with  certain  trinomial  forms  of  algebraic  equation* 
An  abstract  of  these  researches  has  recently  been  published  by  the  London  Mathe- 
matical Society.  He  also  pointed  out  the  coincidence  of  some  of  his  own  result* 
with  those  obtained  about  the  same  time,  quite  independently,  by  Chief  Justice 
Cockle,  F.R.S.J  of  Queensland. 

The  differential  equation 

(in  which  the  ordinary  factorial  notation 

•     „     .  ,x  .        .        W#-*  f*-1)  (*-2)  •  •  •  (*-•+!) 

is  adopted)  is  satisfied  by  the  with  power  of  any  root  of  the  algebraic  equation 
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«  being  considered  as  a  function  of*.    This  theorem  implicitly  involves  the  fol- 
lowing, which  was  communicatd  to  the  author  by  Chief  Justice  Cockle  in  a  letter 
under  date  Brisbane,  Queensland,  Australia,  October  17-18, 18G5. 
The  differential  equation  for 

y*— ay-l=0 (1) 

!**«,    .    .    (2) 


[-a-«G^?->jp=^§+.-']: 


where  «=y  . 

On  this  result  Chief  Justice  Cockle,  in  the  same  letter,  remarks,  "  The  con- 
ditions under  which  (2)  is  immediately  depressible  by  one  or  two  orders  are,  that 
one  or  both  of  the  relations 

-m+pn  "»+*"=/3       (3,4) 

should  be  satisfied ;  a  and  P  being  integers  comprised  between  the  limits  0  and 
a— 1  both  inclusive  (zero  I  treat  as  an  integer),  and  p  being  an  integer  comprised 
between  1  and  r  both  inclusive,  and  <r  being  an  integer  comprised  between  1  and 
*-r  both  inclusive.  If  both  conditions  are  satisfied,  but  a=/3  then  (2)  is  imme- 
diately denressible  by  one  order.  If  (only)  one  condition  be  satisfied,  the  same 
thing  hoick  If  both  be  satisfied,  and  a-  /§  does  not  vanish,  (2)  is  depressible  by 
two  orders."  

Remarks  on  Boole's  MatJumatiml  Analysis  of  Logic, 
By  the  Kev.  Prof.  Harlet,  F.B.S. 

The  author's  remarks  were  arranged  under  three  heads.  First,  he  gave  some 
account  of  Boole's  system  as  developed  in  his  '  Mathematical  Analysis  of  Logic,' 
and  more  elaborately  in  his  great  work  on  '  The  Laws  of  Thought*  Next,  ho 
noticed  some  remarkable  anticipations  of  Boole's  views.  And  in  the  concluding 
portion  of  his  paper  he  pointed  out  the  direction  in  which  he  believed  Boole's 
method  might  be  usefuly  extended. 

1.  He  contended  that  in  Boole's  system  the  fundamental  laws  of  thought  are 
deduced,  not,  as  has  sometimes  been  represented,  from  the  science  of  number,  but 
from  the  nature  of  the  subject  itself.  Those  laws  are  indeed  expressed  by  the  aid 
of  algebraical  symbols,  but  the  several  forms  of  expression  are  determined  on  other 
pounds  than  those  which  fix  the  rules  of  arithmetic,  or  more  generally  of  algebra  j 
they  are  determined  in  fact  by  a  consideration  of  those  intellectual  operations 
which  are  implied  in  the  strict  use  of  language  as  an  instrument  of  reasoning.  In 
algebra  letters  of  the  alphabet  are  used  to  represent  numbers,  and  signs  connecting 
those  letters  represent  either  the  fundamental  operations  of  addition,  subtraction, 
&c.,  or,  as  in  the  case  of  the  sign  of  equality,  a  relation  among  the  numbers  them- 
selves. In  Boole's  calculus  of  logic  literal  symbols  (x,  y,  &c.)  represent  things  as 
objects  of  the  faculty  of  conception,  and  otner  symbols  (+,  — ,  &c.)  are  used  to 
represent  the  operations  of  that  faculty,  the  laws  of  the  latter  being  the  expressed 
laws  of  the  operations  signified.  For  instance,  x+y  stands  in  this  system  for  the 
aggregation  of  the  classes  or  collections  of  things  represented  by  x  and  y,  <*nd  *— y 
for  what  remains  when  from  the  class  or  collection  ,r  the  class  or  collection  y  is 
withdrawn  ;  .rxy,  or  more  simply  xy,  represents  the  whole  of  that  class  of  things 
to  which  the  names  or  aualities  representeed  by  x  and  y  are  together  applicable ; 
and  4?=sy  expresses  the  identity  of  the  classes  x  and  y.  The  canonical  forms  of  thu 
Aristotelian  syllogism  are  really  symbolical ;  but  the  symbols  are  less  perfect  of 
their  kind  than  those  which  are  employed  in  this  system.  By  adopting  algebraical 
signs  of  operation,  as  well  as  literal  symbols  and  tho  mathematical  sign  of  equality, 
Boole  was  enabled  to  give  a  complete  expression  to  the  fundamental  laws  of  rea- 
soning, and  to  construct  a  logical  method  more  self-consistent  and  comprehensive 
than  any  hitherto  proposed.  His  calculus  does  not  involve  a  reduction  of  the  ideas 
of  logic  under  the  dominion  of  number;  but  it  rests  on  a  fact  which  its  inventor 
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has  rigorously  established,  viz.,  "  that  the  ultimate  laws  of  logic — those  alone  upon 
which  it  is  possible  to  construct  a  science  of  logic — are  mathematical  in  their  form 
and  expression,  although  not  belonging  to  the  mathematics  of  quantity."  The 
term  mathematics  is  here  used  in  an  enlarged  sense,  as  denoting  the  science  of  the 
laws  and  combinations  of  symbols,  and  in  this  view  there  is  nothing  unphiloso- 
phicat  in  regarding  logic  as  a  branch  of  mathematics,  instead  of  regarding  mathe- 
matics as  a  branch  of  logic  The  symbols  of  common  algebra  are  subject  to  three 
laws,  viz. — 

•     The  law  of  commutation xy=yx7 (1) 

The  law  of  convertibility  of  terms *±y—  "5~y+*t (2) 

The  law  of  distribution     x  (y±s)=*y+J» (3) 

These  laws  are  fundamental ;  the  science  of  algebra  is  built  upon  them.  And  they 
are  axiomatic ;  each  of  them  becomes  evident  in  all  its  generality  the  moment  We 
clearly  apprehend  a  single  instance.  Now  Boole  has  shown  that  the  same  law* 
govern  the  symbols  of  logic,  and  that  therefore  in  the  logical  system  the  processes  of 
algebra  are  all  valid.  But  at  the  root  of  this  system  there  is* found  to  exist  a  law, 
derived  from  the  nature  of  the  conception  of  class,  to  which  the  symbols  of  com- 
mon algebra  are  not  in  general  subject.  This  law  is  named  by  Boole  "  the  law  of 
duality, '  and  is  expressed  by  the  equations 

.r»=*,  jf^&c (4) 

Now  viewing  the  equation  x*=x  as  algebraic,  the  only  values  which  will  satisfy 
it  are  0  and  1.  If  therefore  an  algebra  be  constructed  in  which  the  symbol* 
x,  y,  z,  &c.  admit  indifferently  of  the  values  0  and  1,  and  of  these  alone,  it  follows 
that  "  the  laws,  the  axioms,  and  the  processes  of  such  an  algebra  are  identical  in 
their  whole  extent  with  the  laws,  the  axioms,  and  the  processes  of  an  algebra  of 
logic"  Difference  of  interpretation  alone  divides  them.  Upon  this  principle 
Boole's  logical  method  is  founded.  Propositions  are  represented  as  equations ; 
these  are  dealt  with  as  algebraic,  the  literal  symbols  involved  being  supposed 
susceptible  only  of  the  values  0  and  1 ;  all  the  requisite  processes  of  solution  are 
performed;  and  finally  the  logical  interpretation  of  the  symbols  is  restored  to 
them.  Some  illustrations  were  given  ot  the  application  of  the  method.  That 
method,  to  use  the  originator's  own  words,  "  has  for  its  object  the  determination 
of  any  element  in  any  proposition,  however  complex,  as  a  logical  function  of  the 
remaining  elements.  Instead  of  confining  our  attention  to  the  '  subject'  and  the 
'predicate/  regarded  as  simple  terms,  we  can  take  any  element  or  any  combination 
of  elements  entering  into  either  of  them,  make  that  element  or  that  combination 
the  '  subject '  of  a  new  proposition,  and  determine  what  its  ( predicate '  shall  be, 
in  accordance  with  the  data  afforded  to  us."  In  the  same  way  any  system  of 
equations  whatever,  by  which  propositions  or  combinations  of  propositions  can  be 
represented,  may  be  analyzed,  ana  all  the  "conclusion"  which  those  propositions 
involve  be  deduced  from  them. 

2.  Bacon,  in  his  'Novum  Organum,'  Liber  Secundus  Aphorismorum,  A.  XXVIL, 
notices  incidentally  an  analogy  that  exists  between  a  well-known  axiom  in  ma- 
thematics, and  the  fundamental  canon  of  syllogism :  he  says,  u  Postulatum  ma- 
thematicum,  ut  qu<e  eidem  tertio  aquaHa  sunt  etiam  inter  se  tint  aqualia,  confonne  est 
cum  fabrics  syllogismi  in  logica,  qui  unit  ea  quae  conveniunt  in  medio."  On  this 
passage  R.  Leslie  Ellis  remarks,  "  The  importance  of  the  parallel  here  suggested 
was  never  understood  until  the  present  time,  because  the  language  of  mathematics 
and  of  logic  has  hitherto  not  been  such  as  to  permit  the  relation  between  them  to  be 
recognized.  Mr.  Boole's '  Laws  of  Thought'  contain  the  first  development  of  ideas 
of  which  the  germ  is  to  be  found  in  Bacon  and  Leibnitz  j  to  the' latter  of  whom  the 
fundamental  principle,  that  in  logic  a2=a,  was  known  (mde  Leibnitz,  Philos.  Work*, 
by  Erdmann,  p.  13Ch.  It  is  not  too  much  to  say  that  Mr.  Boole's  treatment  of  the 
subject  is  worthy  ot  these  great  names.  Other  calculuses  of  inference  (using  the 
word  in  its  widest  sense),  besides  the  mathematical  and  the  logical,  yet  perhaps 
remain  to  be  developed."  (Bacon's  Collected  Works,  voL  i.  footnote  on  p.  281.) 
The  reference  to  Leibnitz  requires  some  correction,  for  on  p.  130  of  the  edition 
cited,  there  is  nothing  whatever  relating  to  the  logical  question.    Probably  the 
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passage  intended  is  that  which  occurs  on  p.  103,  where  Leibnitz,  in  a  paper  entitled 
"Diflicultates  quaedani  logic*,"  makes  a  near  approach  to  the  enunciation  of  the 
fundamental  law  of  logic,  although  he  does  not,  either  in  that  paper  or  elsewhere, 
so  far  as  is  known,  state  the  law  explicitly.  Pie  does,  however,  observe  that 
AB=BA,  which  is  Boole's  law  of  commutation,-  and  further,  that  from  the  pro- 
position, all  A  is  B,  wenftay  infer  that  AB=  A, — an  inference  which,  applied  to  the 
identical  proposition  A  is  A,  gives  us  Boole's  law  of  duality,  A  A = A.  One  of  Leib- 
nitz's illustrations  of  this  inference  is  very  curious.  "  Quidani  se  appellabat  GrDn- 
bero,  viridis  mons.  Sodalis  ei  dicit,  sumceret  ut  Te  appellares  Berg,  mons.  Quid 
ita?  respondet  prior,  putasne  omnes  montes  esse  virides  ?  Cui  sodalis,  ita,  inquit, 
nunc  certe,  nam  aestas  erat.  Ita  ill!  naturalis  sensus  dictabat  hsec  duo  coinciaere, 
omnia  mons  est  viridis  et  equivalent  viridis  mons  et  mons."  Boole  did  not  become 
aware  of  these  anticipations  by  Leibnitz  until  more  than  twelve  months  after  the 
publication  of  his  '  Laws  of  Thought,'  when  they  were  pointed  out  to  him  by  R. 
Leslie  Ellis.  Ellis  subsequently  addressed  to  Boole  some  "  Observations,"  which 
yet  remain  unpublished,  on  some  of  the  elementary  parts  of  his  system.  These 
"  Observations,  which  are  chiefly  critical,  throw  much  light  on  the  writer's  views 
respecting  the  possibility  of  developing  other  calculuses  of  inference  besides  the 
mathematical  and  the  logical. 

3.  The  space  at  our  disposal  for  this  abstract  will  not  permit  us  to  print  Ellis's 
paper  here  tit  extenso,  but  the  following  brief  extract  will  give  a  tolerably  clear 
idea  of  its  general  character. 

"  It  appears  to  be  assumed  in  Chap.  III.  Section  8  ['  Laws  of  Thought '],  that 
in  deriving  one  conception  from  another  the  mind  always  moves,  so  to  speak,  along 
the  line  of  predicamentation,  always  passes  from  the  genus  to  the  species.  No 
doubt  everything  stands  in  relation  to  something  else,  as  the  species  to  the  genus, 
and  consequently  the  symbolical  language  proposed  is  in  extent  perfectly  general, 
that  is,  it  may  be  applied  to  all  the  objects  in  the  universe.  But  I  venture  to 
doubt  whether  it  can  express  explicitly  all  the  relations  between  ideas  which  really 
exist,  all  the  threads  of  connexion  which  lead  the  mind  from  one  to  the  other.  It 
seems  to  me  that  the  mind  passes  from  idea  to  idea  in  accordance  with  various 
principles  of  suggestion,  and  that  in  correspondence  with  the  different  classes  of 
such  principles  oisuggestion,  we  ought  to  recognize  different  branches  of  the  general 
theory  of  inference.  This  leads  me  to  a  further  doubt  whether  logic  and  the  science 
of  quantity  can  in  any  way  be  put  in  antithesis  to  one  another.  From  the  notion 
of  an  apple  we  may  proceed  to  that  of  two  apples,  and  so  on  in  a  process  of  aggre- 
gation, which  is  the  foundation  of  the  science  of  discrete  quantity.  Or  again, 
from  the  notion  of  an  apple  we  may  proceed  to  that  of  a  red  apple,  and  this  move- 
ment of  the  mind  in  Uned  predicamentali  is  the  foundation  of  ordinary  logic.  But 
it  is  plain  a  priori  that  there  are  other  principles  of  suggestion  besides  these  two, 
and  the  following  considerations  lead  me  to  think  that  there  are  other  exercises  of 
the  reasoning  faculty  than  those  included  in  the  two  sciences  here  referred  to.  In 
the  first  place,  certain  inferences  not  included  in  the  ordinary  processes  of  conver- 
sion and  syllogism  were  recognized  as  exceptional  cases  by  the  old  logicians.  Leib- 
nitz has  mentioned  some  with  the  remark  that  they  do  not  depend  on  the  dictum 
de  omrri  et  mttto,  but  on  something  of  equivalent  evidence.  The  only  question  is 
whether  we  should  be  right  in  considering  these  cases  as  exceptions,  and  if  they  are 
so,  to  what  they  owe  their  existence.  One  instance  is  the  inversio  relationis,  e.  g. 
Noah  is  Shem's  father,  therefore  Shem  is  Noah's  son.  Here  we  pass  from  the  idea 
of  Shem  to  that  of  his  father,  and  vice  vend.  The  movement  of  the  mind  is  along 
a  track  distinct  from  that  which  we  follow,  either  in  algebra  or  what  we  commonly 
call  logic.  The  perception  of  the  truth  of  the  inference  depends  on  a  recognition 
of  the  correlation  of  the  two  ideas,  father  and  son." 

The  author  gave  his  reasons  for  believing  that,  when  the  "  exceptional  cases  "  re- 
ferred to  in  the  above  passage  are  fully  investigated,  and  a  calculus  is  devised  for  their 
symbolical  solution,  it  will  be  found  that  the  processes  involved  in  such  a  calculus 
formally  coincide  with  the  processes  commonly  employed  in  the  solution  of  func- 
tional equations.  He  also  pointed  out  that  it  was  in  this  direction  probably  that 
Boole's  method  would  be  found  to  admit  of  extension — an  extension  analogous 
to  that  which  Boole  himself  effected  for  the  theory  of  the  solution  of  differential 
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equations  by  the  invention  of  on  algebra  of  non-commutative  symbols.    To  take 
the  simple  instance  given  by  Ellis. 

Noah=the  father  of  Shem  ; 
.  *.  A  son  of  Noah = a  son  of  the  father  of  Shem = Shem. 

The  process  is  formally  identical  with  the  following : — 

Examples  of  inference  lying  beyond  the  domain  of  the  old  logic  are  deserving 
of  much  greater  attention  than  they  have  hitherto  received.  Professor  De  Morgu 
seems  to  be  the  only  writer  who  has  treated  of  such  examples  with  any  degree  i<f 
fulness  and  ability.  (See  papers  on  the  Syllogism,  and  on  the  Logic  of  Relation*, 
in  the  Cambridge  Philosophical  Transactions.) 

On  Complexes  of  the  Second  Order  By  Dr.  Plucxeb,  FJ&S.,  of  Bonn, 
Dr.  Pliicker  showed  a  series  of  models  executed  with  great  accuracy  by  Mr.  Ep- 
kens  of  Bonn,  calculated  to  illustrate  his  theory  ot  complexes  of  the  second  degree. 
Such  complexes  are  determined  analytically  by  equations  of  the  second  degree 
between  the  coordinates  of  right  lines  in  space.  In  any  plane  whatever  the  hoes 
of  such  a  complex  envelope  a  curve  of  the  second  class,  ana  every  point  in  space  is 
the  centre  of  a  cone  of  the  second  order  generated  by  lines  of  the  complex.  If  a 
plane  revolves  round  any  line  within  it  regarded  as  an  axis,  the  variable  conic 
therein  generates  a  surface.  The  same  surface  is  enveloped  by  a  variable  cose  of 
the  second  order,  the  centre  of  which  moves  along  the  same  axis.  Surfaces  of  this 
description  are  of  the  fourth  order  and  the  fourth  class.  The  axis  is  a  double  line 
of  the  surface.  The  four  circumscribed  cones  whose  centres  are  the  four  intersec- 
tions of  the  double  line  with  the  surface,  degenerate  into  systems  of  two  planes,  each 
of  which  touches  the  surface  alone  a  curve  of  the  second  order.  In  each  of  four 
planes  passing  through  the  double  line,  the  conic  degenerates  into  two  points;  these 
points  (singular  points  of  the  surface)  are  the  centres  of  cones  formed  by  tangents 
to  the  surface.  The  poles  of  the  double  line,  with  regard  to  all  oonioi  in  planes 
passing  through  it,  are  situated  on  a  right  line,  through  which  pass  the  polar  planes 
of  the  double  line  with  regard  to  all  circumscribed  cones. 

The  surfaces  even  of  the  more  general  description  are  easily  constructed;  the 
models  exhibited  belong  to  the  special  case  where  the  double  line  is  at  an  infinite 
distance.  In  this  case  the  surfaces  are  formed  by  curves  of  the  second  class  in 
parallel  planes,  having  their  centres  on  a  right  line.  The  circumscribed  cooes 
oecome  circumscribed  cylinders.       

On  the  Ihtperclliptic  Functions,  Gbpcl  and  Weierstrass's  Systems. 
By  W.  H.  L.  Russell,  A.B.,  F.R.S. 
The  author  of  these  papers  gave  an  explanation  of  the  methods  discovered  Vr 
Gopel  and  Rosenhain  for  the  comparison  of  the  hyperelliptic  functions.  AfWr 
uoiuting  out  their  enormous  complication,  he  stated  that  a  simpler  method  had 
oeen  discovered  by  Dr.  Weierstrass,  which  ho  illustrated  by  showing  how  AbeTa 
theorem  had  been  employed  by  that  mathematician  in  deducing  the  periods  of 
elliptic  and  hyperelliptic  functions. 

On  a  Property  of  Surfaces  of  the  Second  Order.    By  H.  J.  S.  Smith,  FMJS. 

On  the  large  Prime  Number  calculated  by  Mr.  Barratt  Davfe. 
%H.  J.  S.  8wth,F.R.S. 

Oa  a  Nomenclature  for  Multiples  and  Submultiples  to  render  absolute  Stav7- 
ards  convenient  in  practice,  and  on  the  fundamental  Unit  of  Mass,  By  G.J. 
Stoney. 
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On  the  Partition  of  the  Cube,  and  some  of  the  Combinations  of  its  parts.     By 

Chabxes  M.  Willich,  late  Actuary  and  Secretary  to  the  University  Life 

Assurance  Society. 

A  cube  may  be  divided  into  equal  and  uniform  bodies  in  various  ways. 

1st.  By  lines  from  the  centre  to  the  eight  angles  of  the  cube,  which  will  give  six 
four-aided  pyramids  (B). 

2nd.  By  lines  from  one  of  the  upper  angles  of  the  cube  drawn  diagonally  to  the 
opposite  angles,  dividing  the  cube  into  three  equal  and  uniform  solids.  Each  of  these 
solids  being  halved,  forms  a  left-  and  right-handed  solid.  These  six  bodies  pro- 
duced, though  equal  in  mass,  differ  so  far  in  shape,  as  three  may  be  termed  left- 
handed  and  three  right-handed,  in  the  same  way  as  the  hands  of  the  human  body. 

3rd.  By  lines  drawn  from  the  centre  to  four  angles  of  the  cube,  and  continued  on 
each  face,  will  produce  four  equal  and  similar  bodies  (G),  each  composed  of  two  three- 
»ded  pyramids  united  at  their  base — the  one  having  the  same  angle  as  the  trihedral 
roof  of  the  Bee's  cell,  viz.  109°  28'  16",  the  other  90*.  These  bodies  rearranged 
produce  the  half  of  a  dodecahedron  with  rhomboidal  faces. 

4th.  Another  division  of  the  cube  may  be  made  producing  the  tetrahedron  and 
octahedron,  viz.,  by  diagonal  lines  from  two  of  the  Upper  angles  of  the  cube,  con** 
linued  on  the  other  faces,  will  cut  off  four  three-sided  pyramids,  leaving  in  the 
centre  a  tetrahedron.  The  four  three-sided  pyramids  cut  off  may  be  so  arranged  as 
to  produce  the  half  of  the  true  octahedron. 

The  four-sided  pyramid  obtained  by  the  first  mode  of  division  being  out  into 
two  portions  by  a  diagonal  line  will  produce  a  body  which  I  have  assumed  as  a 
unit  (A)  for  the  construction  of  many  geometrical  and  crystalline  bodies.  The 
models  laid  before  the  Association  show  some  of  the  forms  produced.  The  rhom- 
boidal cube  (J),  and  the  rhomboidal  dodecahedron  (L)  with  pyramidal  faces  (con- 
taining in  mass  one-half  of  the  cube  from  which  it  is  derived),  may  be  considered 
interesting ;  but  the  various  crystalline  figures  which  may  be  formed  by  a  combi- 
nation of  my  unit  (A)  I  cannot  even  estimate — though  probably  all  geometrical 
solids  and  even  many,  if  not  all,  crystalline  bodies  may  be  included,  if  we  use  sec- 
tions of  bodies  produced  by  a  partition  of  the  cube. 

It  may  be  observed  that  the  pyramid  (B),  or  one-sixth  of  the  cube,  which  con- 
tains two  units,  may  itself  be  divided  into  four  bodies  by  sections  parallel  to  the  sides, 
each  of  which  is  one-third  of  a  cube  containing  one-eighth  of  tne  mass  of  the  cube 
from  which  it  was  derived ;  so  that,  in  fact,  we  may  go  on  dividing  and  reproducing 
bodies  of  a  similar  shape,  and  still  retaining  the  same  angles  as  in  the  portion  from 
the  original  cube.  How  far  this  subdivision  may  be  carried  in  nature,  or  how 
much  further  than  our  powers  of  vision  will  reach,  I  will  not  venture  an  opinion* 
We  can  imagine  that  the  commencing  atoms  may  be  infinitely  small  when  we 
remember  the  wonders  revealed  by  the  microscope. 

I  entertain  a  sanguine  hope  that,  should  the  attention  of  philosophers  be  drawn 
to  this  subject,  the  farther  development  may  perhaps  be  the  means  of  throwing 
some  unexpected  light  as  to  the  snape  of  an  atom.  I  incline,  however,  to  think 
that  atoms  may  differ  in  shape  in  the  three  kingdoms  of  nature — mineral,  vegetable, 
and  animal. 

As  to  the  practical  use  in  education,  I  am  of  opinion  that  the  study  of  geometry 
would  be  simplified  by  the  use  of  models  showing  the  relative  value  as  to  the 
solidity  of  geometrical  bodies,  and  thus  convey  knowledge  to  the  youthful  mind 
by  means  of  the  eye  more  readily  than  by  any  description,  as  when  convinced  by 
tne  sight  the  mind  would  understand  with  greater  facility. 

Lid  of  models  which  accompanied  the  above  paper. 

A.  The  unit  or  ^  part  of  the  cube  having  a  side  of  1  inch. 

B.  1st  union  of  two  units,  forming  a  low  four-sided  pyramid  of  which  six  make 
upaeube.  # 

C.  2nd  union  of  two  units,  forming  a  high  four-sided  pyramid  of  which  six  also 
equal  cube, 

I).  3rd  unjou  of  two  units,  forming  right-handed  solid,  being  J  of  cube. 
E.  4tfe  umioa  of  two  units,  forming  left-haaded  solid,  being  j  of  cube. 
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F.  5th  union  of  two  unite,  forming  part  of  body  G,  which  is  the  fourth  put  of 
cube. 

G  consists  of  3  units,  forms  one-fourth  of  cube,  and  is  the  body  obtained  bj 
the  third  mode  of  dividing  the  cube. 

II.  Cube  composed  of  4  of  the  above  bodies,  G. 

I.  Four  of  the  same  bodies  (G)  reversed  and  rearranged  to  produce  the  half  of 
the  rhomboidal  dodecahedron.  Another  cube  similarly  divided  and  arranged  com- 
pletes the  solid. 

J.  Six  units  or  three  of  C  so  arranged  as  to  produce  the  rhomboidal  atbe— the 
basis  of  the  hexagonal  system.    Seven  of  these  bodies  build  up  the  bee$  cA 

K.  The  cube  divided  by  cutting  off  four  three-sided  pyramids,  leaving  a  fefroftr- 
dron  in  the  centre.  The  four  three-sided  pyramids  cut  off  may  be  so  arranged  u  to 
produce  the  half  of  the  true  octahedron. 

L.  Rhomboidal  dodecahedron  with  pyramids  (C)  on  each  of  the  twelve  faces. 
This  body  contains  forty-eight  units  (Ai. 

M.  The  remainder  of  the  large  cube  having  a  side  of  2  inches,  consists  of  fortv- 
eight  units  (A)  so  arranged  as  to  show  how  the  rhomboidal  dodecahedron  (L)  eta 
be  inserted  in  the  vacant  space. 


Astronomy. 


Remarks  on  the  Variable  Star  lately  discovered  in  Corona  Borealis. 
By  J.  B.  Hind,  F.RJ5. 
Early  in  June  last  the  author  received  a  letter  from  Mr.  W.  Barker,  of  the  Custom* 
Department,  London,  Canada  West,  stating  that  the  remarkable  variable  star  in 
Corona  Borealis,  which  was  seen  in  Europe  on  May  Id,  had  been  discovered  by  him 
on  the  4th  of  that  month.  He  thus  describes  its  variations : — "  I  first  observed  it 
on  the  4th  of  May  at  0  p.m.,  when  it  was  somewhat  brighter  than  Epsilon Coronie ; 
it  rapidly  increased  until  the  10th,  when  it  was  fully  as  bright  as  Amhacca  (Alpha 
Coronro) ;  it  was  at  its  maximum.  On  the  14th  it  had  decreased  to  the  third 
magnitude,  on  the  18th  to  the  fifth.  On  the  19th  I  could  just  discern  it,  and  on 
the  20th  I  could  see  it  no  longer  with  unaided  vision.  On  the  20th  I  observed  it 
through  my  telescope  (one  of  Cooke's  5  feet  4  inch  object-glasses^.  With  a  power 
of  133,  it  snowed  a  beautiful  clear  disk,  and  was  exceedingly  brilliant,  and  kad  a 
ruddy  tinge.  I  still  see  it  as  a  telescopic  star ;  its  light  about  equal  to  the  com- 
panion of  Polaris."  As  far  as  the  author  was  at  present  informed,  Mr.  Barker  did 
not  make  a  public  announcement  of  his  discovery  until  the  16th  of  May,  when  he 
communicated  a  paragraph  to  the  '  London  Free  Press,'  and  forwarded  copies  of 
the  paper  to  various  astronomers  in  this  country.  It  runs  thus : — "  Astronomers  will 
be  interested  to  learn  that  a  new  star  has  made  its  appearance  in  the  constellation 
of  Corona  Borealis.  It  is  of  the  third  magnitude,  and  is  situated  about  one  decree 
S.E.  by  E.  of  Epsilon  Corona?;  and  three  degrees  from  Pi  Ophiuchi,  in  a  direct  use 
between  the  two.  It  also  forms  the  apex  or  an  equilateral  triangle  with  Beta  and 
Zeta  Herculis.  Hour  of  observation,  9  p.m.,  14th  May,  at  London,  C.W.*  It  will 
be  remarked  that  in  this  communication  no  reference  is  made  to  any  observation  of 
the  star  previous  to  the  14th  of  May,  probably  because  Mr.  Barker  merely  intended 
his  notice  to  refer  to  its  appearance  at  the  date  of  his  letter.  But  these  obsecra- 
tions are  of  historical  and  scientific  value ;  and  the  author  has  not  failed  to  ureas 
for  any  further  particulars  or  corroborative  facts  which  it  may  be  in  Mr.  Baraer'a 
power  to  furnish.  Several  European  astronomers,  ignorant  of  Mr.  Barkers  observa- 
tions, have  conjectured  that  the  star  must  have  burst  forth  with  astonishing  sud- 
denness. Mr.  Schmidt,  of  Athens,  a  practised  observer,  thought  it  could  not  have 
been  so  bright  as  a  star  of  the  fifth  magnitude  on  the  12th  of  May.  early  in  the 
evening,  or  he  must  have  perceived  it;  and  M.  Courbisse,  at  La  Kochelle,  wat 
convinced  it  was  invisible  to  the  naked  eye  on  the  11th;  yet  at  this  date  it  matt 
have  shown,  according  to  Mr.  Barker's  observations,  as  a  star  of  the  second  mag- 
nitude. This  is  by  no  means  a  solitary  instance  in  proof  of  the  little  value  which 
attaches  in  many  cases  of  a  similar  kind  to  merely  negative  evidence.  In  his  ova 
astronomical  practice  the  author  had  met  with  startling  instances,  and  striking  ones 


TRANSACTIONS  OF  THE  SECTIONS.  9 

may  be  found  in  the  history  of  these  phenomena  of  variable  stars.  Tycho  Brahe* 
thought  the  celebrated  new  star  of  15/2,  which  he  detected  on  returning  homo 
from  his  laboratory,  and  which  was  then  shining  as  a  star  of  the  first  magnitude,  could 
not  have  been  visible  an  hour  or  so  previously,  and  yet,  keen  observer  as  he  was, 
he  is  well  known  to  have  been  preceded  by  several  days  in  the  discovery  of  that 
wonderful  object.  Astronomers  generally,  however,  may  not  be  disposed  to  attach 
so  little  weignt  to  negative  evidence  in  a  case  of  this  kind,  as  from  his  own  expe- 
rience Mr.  Hind  was  inclined  to  do,  and  it  will  be  most  desirable  to  possess  every 
particular  relating  to  Mr.  Barker's  observations  between  the  4th  and  14th  of  May, 
which  it  may  be  in  his  power  to  furnish.  Mr.  Barker  thinks  he  saw  this  star  one 
.or  two  years  earlier,  when  the  constellation  was  in  the  S.E.,  about  9  p.m.,  and  Sir 
John  Herschel  announces  his  having  recorded  a  star  in  this  very  position  in  one  of 
his  revisions  of  the  heavens.  The  apparition  of  this  star  will  be  memorable  as 
having  afforded  an  opportunity  of  applying  the  spectrum-analysis  to  one  of  this 
class  of  objects.  The  valuable  and  highly  interesting  observations  by  Mr.  W.  Hug- 
gins  and  others  are  the  results. 


Light. 

Optics  of  Photography. — On  a  New  Process  for  equalizing  the  Definition  of  all 

the  Planes  of  a  Solid  Figure  represented  in  a  Photographic  Picture.     Means 

of  producing  Harmonious  and  Artistic  Portraits.    By  A.  Clattdet,  F.MJS. 

[This  paper  was  published  in  the  Philosophical  Magazine  for  September  1866.] 

On  a  New  Geometrical  Theorem  relative  to  the  Theory  of  Effluxion  and  2k- 
fraction  of  Polarized  Light  (Isotropic  Media).  By  M.  A.  Coritct. 
The  direction  of  the  luminous  vibration  relatively  to  the  plane  of  polarization 
of  a  ray  has  not  been  yet  stated  in  a  way  which  is  quite  incontestable.  Fresnel,  in 
his  admirable  memoir  '  On  the  Mechanical  Theory  of  the  Keflexion  and  Refraction 
of  Polarized  Light,'  concludes  that  the  Vibration  "is  perpendicular  to  the  plane  of 
polarization.  M'Cullagh  and  Neumann  have  arrived  at  the  same  formula?,  but 
W  supposing,  on  the  contrary,  that  the  vibration  is  within  the  plane  of  polariza- 
tion. It  seems  that  no  middle  term  can  exist  between  these  two  theories,  and 
that  the  three  rays  have  necessarily  their  vibration  in  the  identical  position  com- 
pared with  their  respective  plane  of  polarization.  However,  there  is  a  third  me- 
thod, or,  in  other  words,  a  third  theory,  extremely  simple, — the  author  would  not 
say  extremelv  plausible, — which  will  lead  us  to  the  opinion  of  Fresnel  respecting 
the  refracted  ray,  and  to  the  opinion  of  McCullagh  respecting  both  the  others. 
The  only  principle  to  be  admitted,  besides  the  exact  transversality  of  the  vibrations, 
is  the  following — the  refracted  vibration  is  perpendicular  to  the  incident  and  re- 
flected vibrations.  We  have,  indeed,  no  theoretical  ground  for  admitting,  d  priori, 
this  principle ;  but  if  the  consequence  of  it  agree  with  the  results  of  the  other 
theories,  it  deserves  to  attract  the  attention  of  theorists  in  optics,  and,  in  fact, 
it  will  constitute  a  new  theorem.  With  the  help  of  this  principle,  it  is  easy  to 
determine  the  position  of  the  reflected  and  refracted  vibrations,  if  the  position  of 
the  incident  vibration  is  given.    The  resulting  formula  is 

Jan*  tan/3    ^coty> 


cos  (»— r)     cos  (i-\-r) 

in  which  * ,  0,  y  are  the  angles  of  the  incident,  reflected,  and  refracted  vibrations 
with  the  plane  of  incidence,  t  and  r  the  angles  of  incidence  and  refraction.  Seeing 
that  the  vibrations  are  besides  transversal,  the  above  formula  determines  them 
completely.  But  if  this  theory  is  exact,  that  formula  is  nothing  else  than  the  ana- 
lytical translation  of  the  law  of  the  rotation  of  the  planes  of  polarization  of  the 
three  rays — a  law  first  stated  by  Fresnel,  and  which,  according  to  the  same  rota- 
tions, may  be  written 

cot«     =__cotJ8_as 
cos  (i  -  r)     cos  (•" + r) 
M}  0,  y  being  the  angle  of  the  vibration  with  the  plane  of  incidence.    McCullagh 
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arrive*,  on  the  contrary,  at  the  expression 

tana  tang 

cos  (a- r)  -  cosp+r)*  cot  * 
It  is  obvious  that  our  formula  agrees  with  the  formula  of  Fresnel  for  the  refracted 
ray,  and  with  the  formula  of  McCullagh  according  to  the  incident  and  reflected 
rays.  It  is  easv  to  conclude,  from  this  theory,  that  under  the  normal  incidence 
the  luminous  vibration  rotates  a  right  angle  when  the  ray  penetrates  into  the  second 
medium.  It  would  be  interesting  to  look  for  a  direct  verification  of  that  conclu- 
sion j  but  it  seems  difficult  to  realize  an  experiment  in  which  the  surfaces  limiting 
the  medium  do  not  produce  an  even  number  of  those  rotations,  so  that  the  vibra- 
tion does  not  come  again  to  its  first  direction.  The  author  could  have  stated 
this  property  of  polarized  light  under  a  more  modest  form,  that  is  to  sar,  as  a 
simple  corollary  of  known  theorems ;  but  he  fancied  that  it  waa  more  useful,  in  the 
actual  state  of  optics,  to  state  it  as  a  new  theory,  in  order  to  show,  first,  that  the 
geometrical  simplicity  of  the  principles  does  not  constitute  the  most  plausible 
theories :  thus  it  is  prudent  to  conclude  that  the  greater  geometrical  simplicity  of  the 
McCullagh  theory  is  no  sufficient  ground  for  rejecting  the  theory  of  Fresnel,  though 
more  complicated.  Besides,  the  proposal  of  a  new  principle,  very  little  obvious,  a 
priori,  is  a  good  occasion  to  remember  the  feeble  degree  of  evidence  for  the  prin- 
ciples used  in  the  other  theories.  After  a  further  examination,  it  will  appear  that 
it  is  neither  more  nor  less  difficult  to  admit  that  the  refracted  vibration  is  perpen- 
dicular to  both  the  others,  than  to  admit,  for  the  density  of  the  luminous  ether, 
the  theories  of  Fresnel  or  M'Cullagh. 

On  Dispersion-equivalents.    By  Dr.  J.  H.  Gladstone  and  Rev.  T.  P.  Dux. 
The  refractive  index  of  a  substance  minus  unity,  divided  by  its  density,  is  termed 
its  "  specific  refractive  energy,"  and  the  product  of  this  and  its  atomic  weight,  or 

P  Z-j- ,  is  termed  its  u  refraction-equivalent.*    But  the  refractive  index  p  differ* 

according  to  the  part  of  the  spectrum  observed.  As  the  fixed  lines  A  and  H  are 
the  extremes  in  the  two  directions  which  can  be  measured  under  ordinary  circum- 
stances, pH— Pa  has  been  taken  as  the  measure  of  dispersion;  and  in  a  preriuat 

paper  the  authors  had  called    -H   ,      the  "  specific  dispersion,"    Hence  the  dif- 

f*A  —  1  A4U  —  1  Mw— m* 

ference  between  P  rf  and  P  ^  9  or  more  simply  P  .  ,  may  be  termed 
the  "  Dispersion-equivalent  5"  *nd  as  P  -j-  is  little  affected  by  the  manner  in 


which  the  substance  is  combined  with  other  bodies,  it  becomes  a  matter  of  interest 

to  inquire  whether  the  same  holds  true  with  respect  to  P  ?h~/*a. 

d 

It  has  been  abundantly  shown  that  the  refraction-equivalent  of  the  combination 
CH2  is  7  0 :  its  dispersion-equivalent,  as  determined  from  eight  different  substance 
or  series  belonging  to  the  great  vinic  group  of  organic  compounds,  varies  enl) 
within  the  limits  of  032  and  0-88,  the  mean  being  0'86.  But  when  we  turn  to  th* 
benzole  group  its  dispersion-equivalent  is  found  to  be  0-62,  and  in  the  pvridic" 
group  0-68» 

The  determinations  of  the  dispersion-equivalents  of  chlorine,  bromine,  and  iodine 
also  differ,  when  they  are  made  from  different  groups. 

Phosphorus  is  an  extremely  dispersive  body,  and  when  in  a  liquid  condition 

tx    —  II 

gives  for  P    Hrf   A  tho  high  number  20,  though  the  value  of  P  for  this  clenitf. 
is  low.  

Spectroscope  de  pochc,   Piar  Dr.  J.  Jajjsse*. 
Cet  instrument  est  a  vision  directe,  et  forme  une  trea-petite  lunette.  Le  redress*- 
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ment  du  faisceau  est  obtenu  au  mojen  d'uu  prisma  compost  construit  sur  le  prin- 
ciple de  celui  de  M.  Amici ;  ce  prisma  compost  est  forme*  de  deux  prismes  de  flint  a 
00°,  faisant  corps  avec  trois  prismes  de  crown.  Le  prisme  de  crown  central  est  a 
OCP.  Lea  deux  prismes  de  crown  terminaux,  sont  tallies  sous  des  angles  con- 
venables  pour  procurer  le  redressement  du  faisceau.  Ce  systeme  jouit  d'unpouvoir 
disperaif  considerable,  et  conserve  au  faisceau  presque  tout  son  pouvoir  lumineux  a 
cause  de  la  faible  valeur  des  reflexions  inteneures.  La  Lunette  qui  sert  a  ex- 
plorer le  spectre  porte  deux  objectife  places  a  faible  distance  l'un  de  rautre.  Cette 
disposition  qui  augmente  beaucoup  le  champ  de  la  lunette,  permet  d'embrasser 
le  spectre  d'un  coup  d'oeil.  Enfin  une  eehelle  gravee  sur  verre  permet  de  mesurer  la 
,  position  des  raies  dans  les  spectres  qu'on  etudie. 

J'ai  fait  cet  instrument  en  1662.  II  a  Ite*  pre'sente'  a  l'Academie  des  Sciences  de 
Paris  (Comptes  Rendus,  Oct.  1862)  et  a  l'Acade*mie  de  Rome  (Dec,  1862).  H 
est  employe  par  le  P.  Secchi  dans  ses  recherches  de  physique  celeste.  M.  Hof- 
mann,  de  tans,  l'a  construit  sur  mes  indications. 


Sur  U  Spectre  Atmosphtrique  Terrestre  et  celui  de  fa  vapeur  cf  «ite. 
Par  Dr.  J.  Janssen. 

J'ai  l'honneur  de  faire  part  a  la  section  de  la  decouverte  d'une  proprilte*  optique 
nouvelle  de  la  vapeur  d'eau.  Cette  propridte*  consiste  en  ce  que  la  vapeur  d'eau 
agit  specifiquement  sur  la  lumiere  de  maniere  a  produire  un  spectre  d'absorption 
earactenstique.  Ce  spectre  permettra  de  constater  la  presence  ae  la  vapeur  creau, 
et,  par  suite,  de  l'eau,  soit  dans  les  hautes  regions  de  Tatmosphere  terrestre,  soit  dans 
les  atmospheres  planetaires,  et  d'une  maniere  generate  dans  les  corps  celestes. 

En  continuant  les  beaux  travaux  de  MM.  Brewster  et  Gladstone  sur  le  spectre 
solaire,  j'ai  <Ste*  anient  a  constater  cette  action  de  la  vapeur  d'eau  par  une  longue  suite 
d'observations  sur  la  lumiere  solaire  faites  en  diverses  saisons  de I'annee.  Pour  des 
hauteurs  egales  du  soleil,  les  raies  telluriques  du  spectre  solaire  se  montraient  d'autant 
plus  foncees  que  le  point  de  rosee  6tait  plus  eleve*.  (Voir  les  Comptes  Rendus  de 
P Academic  des  Sciences  de  Paris :  13  a  27  Juillet,  1863 ;  27  Juillet,  1864 :  30  Janvier. 
1867  #.) 

Spectre  de  la  vapeur  <f  <xw**— Une  experience  directe  qui  demontre  dtSfinitivement 
cette  proprtete*  vient  d'etre  faite  a  Pans  dans  1'usine  de  la  Compagnie  du  Gas.  Un 
tube  do  fer  de  37  metres,  forme*  aux  extrgmites  par  deux  glaces,  a  6t6  rempli  de 
vapeur  a  diverses  pressions.  Le  tube  de  fer  6tait  place*  dans  ime  enveloppe  de  bois 
rempli  de  sciure  de  bois  pour  emp£cher  les  deperaition  de  la  chaleur.  La  lumiere 
Stait  donnee  par  une  rampe  de  16  Decs  de  caz.  On  sait  que  cette  lumiere  donne  un 
spectre  contiiiu  et  sans  raies ;  or,  quand  la  lumiere  eut  traverse*  le  tube  plein  de 
vapeur  a  7  atmospheres,  elle  donna  un  spectre  sillonne*  de  raies  et  bandes  obscures 
correspondant  aux  raies  et  bandes  atmospne'riques  terrestres  ou  telluriques  du  spectre 
solaire.  (Ce  sont  les  bandes  decouvertes  par  l'illustre  Sir  David  Brewster  quand 
le  soleil  est  a  l'horizon.)  L'expenence  a  6t4  re*p6te*e  dans  des  circonstances  diverses. 
Ou  a  examine'  les  effets  de  la  longueur  du  tube  et  ceux  de  la  pression.  Les  raies 
se  developpent  a  mesure  que  la  longueur  augmente  ou  que  la  pression  s'eleve ;  elles 
s'aflaiblissent  dans  les  circonstances  opposdes.  Quand  le  tube  est  vide  de  vapeur  ou 
qu'il  en  contient  fort  peu,  on  ne  voit  aucune  raie.  Le  resultat  est  done  parfaitement 
constate*.  J'ai  interrompu  les  experiences  pour  venir  en  faire  part  au  Congres,  mais  je 
compte  en  poursuivre  les  consequences. 

En  attendant  je  puis  deja  conclure  : 

1.  Que  les  raies  du  spectre  solaire  dans  les  regions  rouge,  orangee,  jaune,  sont 
presque  toutes  dues  a  la  vapeur  d'eau  de  notre  atmosphere. 

2.  Qu'il  n'y  a  pas  de  vapeur  d'eau  autour  de  la  photosphere  solaire. 

3.  Que  la  adcouverte  du  spectre  de  la  vapeur  d  eau  vient  confirmer  les  rSsultats 
obtenus  par  M.  Tyndall,  touchant  Taction  absorbante  de  cette  vapeur  sur  la  chaleur 
rayonnante. 

*  M.  Cooke,  en  Amerique,  vient  d'aunonoer  des  reaultats  semblables ;  je  suis  persuade' 
qu'il  n'avait  pas  connaissance  de  ces  publications  oil  j'ai  formula  les  conclusions  de  ton  tw* 
nil  dix-huit  moU  avant  lui. 
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On  a  Fluid  possessing  Opposite  Rotatory  Powers  for  Hays  at  opposite  end*  of 
the  Spectrum.  By  Professor  John  H.  Jkllett. 
The  existence  of  this  fluid  was  discovered  in  conducting  a  series  of  experiments 
with  a  new  saccharometer  which  the  author  had  formerly  described  to  the  Roral 
Irish  Academy  *,  and  which  he  now  exhibited  to  the  Section.  In  making:  ise 
of  this  instrument,  it  became  necessary  to  compare  the  rotatory  powers  of  the  two 
well-known  species  of  oil  of  turpentine,  namely : — 1.  The  American  oil  of  turpen- 
tine, which  is  obtained  from  the  Pntus  australis  of  North  Carolina ;  and  1  the 
French  oil  of  turpentine  obtained  from  the  Finns  maritima  of  Bordeaux.  As 
these  fluids^  which  are  opposite  in  their  rotatory  powers,  are  chemically  identical, 
and  very  slightly  different  in  their  refractive  and  dispersive  powers,  it  was  natural 
to  expect  that  no  difficulty  would  be  found  in  determining  tne  relative  lengths  of 
two  columns  of  these  fluids  respectively,  which  should  perfectly  compensate  each 
other.  Two  columns  of  fluid  are  said  to  compensate  each  other  when  a  ray  of 
polarized  light,  transmitted  successively  through  these  columns,  emerges  from  the 
second  column  in  the  same  state  in  which  it  entered  the  first.  The  actual  remit, 
however,  was  wholly  different  from  this  anticipation.  When  the  relative  lengths 
were  so  determined  that  the  intensity  of  the  light  transmitted  respectively  by  the 
two  parts  of  the  analyzer  t  was  the  same,  the  colours  of  these  two  spectra  were 
wholly  different  In  reasoning  on  the  difference  of  colour,  the  author  was  enabled 
to  perceive  that  the  American  oil  of  turpentine  was  much  more  highly  dispermt 
of  the  planes  of  polarization  of  the  elementary  rays  than  the  French  oil  It  is 
plain,  therefore,  that  if  the  lengths  of  the  columns  be  so  proportioned  that  the 
rotation  may  be  the  same  tor  the  mean  ray,  the  more  dispersive  (in  the  sense  iurt 
defined)  fluid  will  turn  the  plane  of  polarization  of  the  red  ray  through  a  less 
angle,  and  that  of  the  violet  ray  through  a  greater  angle  than  the  less  awperare 
fluid.  Hence,  remembering  that  French  oil  of  turpentine  is  left-handed,  and 
American  oil  of  turpentine  right-handed,  it  is  plain  that  if  a  red  ray  be  trans- 
mitted through  two  columns,  whose  lengths  are  so  proportioned,  the  total  effect 
will  be  left-handed  rotation ;  whereas,  if  a  violet  or  a  blue  ray  be  so  transmitted, 
the  effect  will  be  right-handed  rotation.  As  these  fluids,  being  identical  in  com- 
position, could  scarcely  act  chemically  on  each  other,  the  same  effects  might  be 
expected  from  a  single  fluid  produced  by  mixing  these  two  columns. 

This  the  author  found  to  be,  in  fact,  the  case.  The  rotating  fluid  was  formed 
by  mixing  the  two  oils  in  the  following  proportion  % : — 

American  oil  of  turpentine 67 

French  oil  of  turpentine 83 

When  a  column  of  this  fluid,  whose  length  was  4  inches,  was  traversed  br  a 
solar  ray  which  had  been  previously  transmitted  through  plates  of  red  and  obe 
glass,  the  rotation  produced  in  the  plane  of  polarization  of  this,  which  is  the  ex- 
treme red  ray,  was  found  to  be — 1°  35'. 

Again,  when  the  same  column  was  traversed  by  a  ray  which  had  been  pre- 
viously transmitted  through  a  solution  of  ammoniacal  sulphate  of  copper,  the 
rotation  was  found  to  be+2°. 

This  phenomenon  is  best  shown  with  solar  light,  but  it  may  be  shown,  though 
with  less  distinctness,  with  the  electric  or  oxy-calciuni  lights. 

On  Comets,  and  especially  on  the  Comet  of  1811.    By  Cowtelit/s  Tablet. 


Heat. 
Determination  of  the  Mechanical  Equivalent  of  the  Thermal  Unit  by  Experi- 
ments on  the  Heat  evolved  by  Electric  Currents  §.     By  J.  P.  Joitlk,  FJLS. 

*  Proceedings,  vol.  vii.  p.  279.  t  Ibid.  p.  349. 

}  The  proportion  of  oils,  given  above,  must  be  understood  to  refer  only  to  the  parti- 
cular  specimens  of  the  oils  which  were  used  in  making  these  experiment*.  The  rotatorr 
power  of  commercial  oil  of  turpentine,  more  especially  that  of  the  American  oil,  is  tot 
variable.  §  Printed  in  extetuo  in  the  Reports. 
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Electricity. 

On  the  Electrical  and  Mechanical  Properties  of  Hooper's  India-rubber  Insulated 
Wire.    By  W.  Hooper. 

The  author  at  a  previous  Meeting  described  the  method  by  which  he  secures  the 
durability  of  india-rubber.  Diagrams  representing  the  effects  of  pressure  and  im- 
mersion were  shown,  from  which  it  was  seen  that  pressure  improves  the  insulation 
of  his  wire  in  the  same  way  as  is  observed  with  gutta  percha.  The  result  of  care- 
fully-conducted experiments,  extending  over  three  years,  proves  that  the  absorption 
of  water  is  so  small  that  the  most  refined  electrical  tests  failed  to  discover  it. 


On  the  Depolarization  of  Iron  Ships,  to  prevent  the  Deviation  of  the  Compass. 

By  E.  Hopedts,  C.E. 


Extract  of  a  Letter  from  Senhor  Capello,  of  the  Observatory,  Lisbon,  on 
Magnetic  Disturbance,  to  Balfour  Stewart,  of  the  Kew  Observatory. 

The  author  sent  three  Tables  representing  graphically  the  most  important 
results  deduced  from  the  curves  of  our  magnetographs  for  the  year  1864.  He  had 
followed  the  plan  of  General  Sabine  in  separating  the  greatest  disturbances  of  the 
three  elements.  Thus  he  had  considered  as  a  disturbance  of  the  declination  every 
ordinate  which  differed  from  the  monthly  mean  by  2**3  or  upwards;  while  the 
separating  value  for  the  horizontal  force  was  -0011  of  the  whole  horizontal  force, 
and  that  for  the  vertical  force  -00032  of  the  whole  vertical  force.  The  instruments 
were  at  work  during  the  whole  of  the  year  J864 ;  and  of  the  8700  hourly  observa- 
tions of  each  instrument,  the  observers  only  failed  in  measuring  07  for  the  declina- 
tion, 130  for  the  horizontal  force,  and  159  for  the  vertical-force  instrument  The 
number  of  disturbances  have  been — 

For  the  declination    1043 

For  the  horizontal  force   810 

For  the  vertical  force 082 

From  a  diagram  exhibited,  giving  the  hourly  variations  yearly;  and  half-yearly  of 
the  three  elements,  it  was  seen  that  the  progress  of  the  declination  for  each  period  - 
is  very  regular.  The  .mean  daily  range  of  declination  during  the  six  months  from 
April  to  September,  while  the  sun  is  north  of  the  equator,  is  0'-20;  while  during 
the  six  months  from  October  to  March,  when  the  sun  is  south  of  the  equator,  this 
range  is  less,  being  barely  6'.  For  the  dip,  the  corresponding  curves  are  much 
disturbed  from  6  p.m.  to  midniffht,  especially  for  the  six  months  when  the  sun  is 
north  of  the  equator.  The  total  force  gives  a  well-pronounced  minimum  at  11  a.m. 
during  the  six  summer  months,  and  llh  30m  a.m.  during  the  six  winter  months. 
The  daily  range  is  greatest  for  the  six  summer  months,  and  least  for  the  six  winter 
months. 

The  diagram  of  disturbances  gives  for  the  declination  a  maximum  of  the  westerly 
disturbances  at  about  8  a.m.,  and  a  minimum  about  10  in  the  evening.  On  the 
other  hand,  the  maximum  of  easterly  disturbances  is  about  10  in  the  evening,  and 
the  minimum  about  6  in  the  morning. 

The  curves  for  the  horizontal-force  disturbances  are  irregular.  The  maximum 
of  disturbances  tending  to  increase  the  horizontal  force  takes  place  about  noon, 
while  the  minimum  is  about  1  a.m.  But  here  one  is  much  struck  with  the  great 
disproportion  between  the  disturbances  tending  to  increase  and  those  tending  to 
diminish  the  horizontal  force,  the  latter  being  both  the  most  numerous  and  the 
greatest  in  amount  The  maximum  and  minimum  of  these  latter  disturbances  take 
place  a  little  later  than  the  maximum  and  minimum  of  the  disturbances  tending  to 
increase  the  force. 

With  respect  to  the  vertical  force,  the  curve  of  disturbances  tending  to  increase 
this  element  resembles  to  some  extent  the  curve  of  easterly  disturbances,  or  disturb- 
ances tending  to  diminish  the  westerly  declination.    In  this  same  diagram  blue  and 
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re  J  curves  were  made  to  represent  the  whole  effects  of  the  perturbation*,  or  the 
quantities  which  it  is  necessary  to  apply  to  the  line  of  no  disturbance,  reckoned  s 
Straight  line,  in  order  to  reconstruct  the  curves  with  the  perturbations. 

Thus  the  effect  of  disturbances  upon  the  declination  is  to  cause  the  needle  to 
deviate  towards  the  west  during  the  hours  of  the  day,  but  towards  the  east  during 
the  hours  of  the  night. 

The  effect  of  disturbances  upon  the  vertical  force  is  of  a  reverse  kind,  tending  to 
diminish  this  element  during  the  hours  of  the  day,  but  to  increase  it  dining  those 
of  the  night. 

With  regard  to  the  horizontal  force,  it  appears  that  the  disturbances  tend  to 
diminish  this  element  almost  during  the  whole  of  the  twenty-four  hours. 

A  third  diagram  represented  the  mean  hourly  movements  of  the  north  pole  of 
the  freely  suspended  needle  in  a  plane  perpendicular  to  the  direction  of  such  a 
needle,  both  for  the  whole  year,  ana  also  for  the  winter  and  summer  seasons. 

On  certain  Phenomena  which  presented  themselves  in  Connexion  with  tk 
Atlantic  Cable.    By  0.  F.  Vabxbt. 

On  a  New  Method  of  Testing  Electric  Resistance.  By  C.  F.  Tablet. 
In  I860,  Prof.  Thomson  and  Fleeming  Jenkin,  F.R.S.,  invented  a  method  of  ob- 
taining exact  subdivisions  of  the  potential  of  a  voltaic  battery.  The  apparatus  con- 
sisted of  a  number  of  equal  resistance-coils,  say  100.  These  were  connected  one 
with  one  pole  of  the  battery,  and  the  other  with  the  other  pole.  To  the  junction 
of  each  coil  a  piece  of  metal  is  attached,  and  a  spring  attached  to  a  brass  slide  tra- 
velling along  a  square  rod  of  the  same  metal  traverses  these  different  pieces,  and  so 
makes  contact  with  whichever  is  desired.  If  the  two  poles  of  an  electrometer  be 
attached,  the  one  to  one  pole  of  the  battery,  and  the  other  to  the  brass  bar  on  which 
the  slide  travels,  it  will  oe  found  that  at  the  one  end  we  have  the  full  potential 
power,  and  at  the  other  end  nothing  at  all,  and  halfway  half  the  potential;  this  is 
too  self-evident  to  require  further  explanation,  and  is  explained  in  Thomson  and 
Jenkin's  patent,  1860.  Prof.  Thomson  has  recently  succeeded  in  making  reflecting: 
electrometers  of  such  sensibility  that  they  will  give  200  scale-divisions  for  a  varia- 
tion of  potential  equal  to  one  cell  of  Darnell's  battery.  In  testing  the  Atlantic 
•Cable  this  electrometer  was  used  in  the  following  way  at  Valentia,  to  get  the  po- 
tential of  the  ship's  magnetism.  The  one  pole  of  the  electrometer  was  connected 
with  the  cable,  and  the  other  one  with  the  slide,  and  by  running  it  up  and  down 
the  exact  potential  of  the  cable  was  measured.  There  were  in  the  main  slide  100 
coils  of  1000  units  each,  and  it  became  necessary  to  subdivide  these  again  100 
times  to  get  sufficient  accuracy.  Some  difficulty  presented  itself  in  getting** 
method  for  subdividing  these  coils,  and  the  author  was  fortunate  enough  to  nit 
upon  the  following  very  simple  method  of  effecting  this  purpose.  The  slide  con- 
sists of  two  square  brass  bars,  over  each  of  which  travels  a  piece  of  braes,  to  the 
bottom  of  which  is  attached  a  spring,  pressing  upon  the  studs  connected  with 
the  resistance-coils.  Instead  of  using  100  coils  m  the  main  slide,  the  author 
uses  101,  and  makes  the  two  springs  to  embrace  two  coils.  Thus,  then,  the 
two  bars  of  the  slide  have  invariably  a  resistance  between  them  of  2000  ohmads. 
The  two  bars  are  connected  with  a  second  set  of  100  coils,  each  coil  hav- 
ing 20  units  resistance,  and  the  100  coils  making  up  precisely  the  same  resisUnrc 
as  that  of  two  of  the  coils  in  the  main  slide.  These  two  circuits  of  2000  units  earn 
reduce  the  resistance  to  one-half,  or  to  1000  units,  60  that  the  resistance  of  the  101 
coils  of  1000  each  is  reduced  to  that  of  100  coils.  By  passing  the  traveller  »W 
the  20  unit  coils  in  the  second  slide  an  exact  subdivision  of  the  potential  between 
these  points  is  obtained ;  and  in  this  way  the  potential  of  the  battery  ia  accurately 
and  quickly  subdivided  to  10,000  parts.  By  these  means  Prof.  Thomson  has  been 
able  to  introduce  a  method  of  testing,  on  tne  Wheatstone  balance  system,  so  ex- 
tremely simple  that  it  should  be  made  known  as  soon  as  possible.  The  battery  is 
connected  permanently  to  the  maio  slide,  so  that  a  current  is  always  passing  through 
it.  Its  resistance,  100,000  ohmads,  is  such  that  no  sensible  elevation  of  tempera- 
ture is  produced.    The  current  is  also  passed  into  the  cable  through  a  definite  re* 
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sistance,  R.  At  the  junction  between  the  end  of  the  cable  and  the  resistance  R  a 
key  is  attached,  which  is  connected  by  either  the  reflecting  electrometer  or  a  re- 
flecting galvanometer  with  the  slides.  That  position  is  sought  upon  the  slide 
which  has  precisely  the  same  potential  as  that  of  the  cable  at  the  point  where  it 
joins  the  resistance  R.  If  now  the  potential  of  the  battery  be  represented  by  p,  and 
the  resistance  of  the  junction  of  the  cable  with  R  be  represented  by  p\  and  if  the 
two  portions  of  the  coil  necessary  to  balance  this  potential  be  n  and  #i,  it  will  be 
evident,  on  the  principle  of  the  Wheatstone  Balance,  that  n :  m  : :  R  :  cable  x  (the 
cable  resistance).  Thus,  then,  the  resistance  R  being  known,  p  and  v1  being  known, 
and  the  resistance  or  position  on  the  slide  noted,  the  resistance  of  the  cable  is  accu- 
rately obtained. 

Meteorology. 

On  the  Olimate  of  Aldershot  Camp.    By  Sergeant  Abkold,  F.M.S. 

The  military  station  of  Aldershot  is  in  the  county  of  Hampshire,  bordering  on 
Surrey,  and  is  situated  on  an  elevated  site,  about  820  feet  above  the  level  of  the 
sea.  It  is  distant  about  40  miles  from  London,  and  about  50  from  Portsmouth  and 
Southampton,  being  in  lat.  61°  16'  25"  N.,  long.  45°  30'  W.  The  extensive  area 
of  ground  occupied  by  the  North  and  South  Camps  was  formerly  a  barren  heath, 
the  soil  contdstuur  mostly  of  sand  and  gravel,  covered  by  about  seven  inches  of  peat. 
On  the  north  ana  south  the  Camp  is  much  exposed :  on  the  east  it  is  slightly 
sheltered  by  hills  that  run  from  the  eastern  boundary  of  the  North  Camp  to  the 
South.  On  the  south-east  is  a  range  of  hill,  called  the  "  Hogsback ; "  tnese  are 
the  highest  in  the  neighbourhood,  affording  great  protection  to  the  cultivation  of 
hops,  which  is  carried  on  so  successfully  that  their  growth  is  rapidly  extending. 
The  north-west  and  west  are  bounded  by  land  under  cultivation.  Small  woods  or 
copses  are  numerous  in  the  locality,  consisting  principally  of  stunted  fir-trees  and 
brushwood.    A  small  river  named  Blackwater  is  the  only  one  in  the  vicinity. 

Meteorological  observations  during  the  past  eight  years  yield  the  following 
results :— The  mean  height  of  the  barometer  at  825  feet  above  the  mean  sea-level 
is  20*610  inches ;  this,  however,  is  only  an  average  of  seven  yearsj  a  standard  in* 
strument  not  having  been  used  for  the  whole  of  1858,  The  highest  observed 
reading  of  the  barometer  was  80*452  inches  on  January  9th,  1859:  the  lowest, 
28*260  inches  on  January  14,  1865  (these  observations  being  reduced  to  82° 
Fahrenheit).  The  adopted  mean  temperature  of  the  air  is  as  follows : — January. 
88°-4;  February,  30°;  March,  42°'l;  April,  48°-4;  May,  53°-2;  June,  68°-8; 
July,  50P-9;  August,  59°*9;  September,  56°-6 ;  October,  51°-5j  November,  4P-8: 
December,  40°  *3.  The  mean  for  the  past  eight  years  is  49p,2.  The  mean  of  all 
highest  readings  is  57° "6,  and  the  mean  of  all  the  lowest  41°*9 ;  the  mean  daily 
range  of  temperature  being  16°-8.  The  highest  temperature  was  93°  on  July  12, 
18o9,  and  the  lowest  8°  on  December  29,  1860,  so  that  the  extreme  range  of 
temperature  is  85°.  The  mean  degree  of  humidity  (saturations  100)  is  as 
follows:— January,  89°;  February,  82°;  March,  84°;  April,  70°;  May,  78° j 
June,  78°  j  July,  78° ;  August,  78° ;  September,  86° ;  October,  86° ;  November,  90° ; 
December,  89°.  The  yearly  mean  is  83°.  The  amount  of  cloud  is  estimated  on 
the  usual  scale,  0  being  a  clear  sky,  and  10  an  overcast  sky.  The  mean  amount  is 
6*1.  The  month  in  which  the  largest  amount  of  cloud  occurred  was  December  (7*2), 
and  the  least  (51)  in  September.  The  individual  monthly  averages  show  that  the 
most  cloud  state  (8*5)  occurred  in  December  1865,  and  the  least  (8*2)  in  June  1859, 
Rain  falls  on  an  average  of  148  days  of  the  year.  The  greatest  number  of  days 
was  183  in  1860,  and  the  least  118  in  1864.  The  average  yearly  rainfall  is  25*24 
inches.  This  is  less  than  at  any  other  station  in  Hampshire.  The  greatest  yearly 
total  was  83*89  inches  in  18(X),  the  least  1748  inches  in  1858.  The  greatest 
monthly  fall  was  (5*80)  in  October  1865,  and  the  least  (0*16  inch)  in  February 
1858.  Taking  the  average  of  eight  years,  the  wettest  month  is  October,  the  mean 
amount  being  2*96  inches,  and  the  driest  February,  being  1*28  inch.  The  mean 
monthly  amount  of  ozone  is  17 ;  the  largest  quantity  occurred  in  May,  the  mean 
of  which  is  2*2,  and  the  least  1*1  in  December.    The  yearly  relative  propor- 
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tions  of  winds  are  from  the  N.  on  80*1  days,  from  the  E.  on  72-3  days,  from  the  S. 
on  88*7  days,  and  from  the  W.  on  123*7  days.  The  force  of  wind  was  estimated 
from  0  to  6  j  0  being  a  calm  and  6  a  hurricane,  the  mean  force  being  06;  hat 
Robinson's  anemometer  is  not  stationary  more  than  twice  a  year. 

Baring  a  residence  of  nearly  ten  years  in  the  camp  the  author  has  had  the  good 
fortune  to  observe  that,  in  comparison  with  any  other  station,  civil  or  military,  ita 
"  bill  of  health  "  forms  a  striking  contrast  to  their  published  statistics. 


On  the  Metiwd  adopted  at  Utrecht- in  discussing  Meteorological  Observations. 
By  Dr.  Buys-Ballot. 


On  an  Error  in  the  usual  method  of  obtaining  Meteorological  Statistics. 
By  Francis  Galtox,  F.R.S.,  F.G.S. 

The  meteorological  statistics  of  the  ocean  have  been  hitherto  obtained  by  ex- 
tracting observations  from  the  logs  of  different  ships,  and  by  sorting  the**  that 
were  made  in  different  geographical  divisions  of  the  ocean  into  oorrespoDdmg 

S-oups.  The  usual  geographical  divisions  are  bounded  by  each  5th  degree  of 
titude  and  longitude,  and  they  therefore  are  300  miles  in  length,  and  have  an 
average  breadth  of  150  miles.  Each  of  the  groups  is  treated  as  if  it  were  composed 
of  observations  taken  at  irregular  periods,  by  a  single  person  stationed  at  a  fixed 
observatory  in  the  centre  of  the  group,  that  is  to  say,  the  barometer,  thermometer, 
and  other  elements  are  determined  by  computing  the  simple  mean  of  all  the  re- 
corded observations.  The  proportion  of  winds  that  blow  from  the  different  points 
of  the  compass  is  computed  m  a  similar  manner.  Only  one  limitation  is  exacted  in 
respect  to  the  admission  of  an  observation  into  a  group.  It  is  that  it  should  not 
have  been  made  at  an  interval  of  less  than  eight  hours  from  any  other  observation 
by  the  same  ship,  already  included  in  the  same  group.  Were  it  not  for  this  limi- 
tation, a  zealous  observer  might  contribute  hourly,  or  yet  more  frequent  observa- 
tions, which,  by  their  multitude,  would  prevent  the  scantier  observations  of  other 
ships  from  exercising  a  just  influence  on  the  average.  In  an  extreme  case  of  this 
description,  the  weather  met  with  by  a  single  ship  on  one  particular  voyage  might 
mainly  govern  the  computed  results. 

In  a  recent  report  on  the  condition  of  the  Meteorological  Department  of  the 
Board  of  Trade  by  Mr.  Fairer,  Cantain  Evans,  and  himself,  were  pointed  out  many 
objections  to  the  existing  methods  of  computing  ocean  statistics.  The  object  of 
the  present  paner  is  to  .draw  attention  to  yet  another  objection,  and  to  show  that 
an  additional  limitation  is  required  before  an  observation  ought  to  be  admitted 
into  a  group.  The  objection  was,  that  the  observations  made  by  a  sailing  ship  are 
more  numerous  in  respect  to  antagonistic  winds  or  calms  than  in  respect  to 
favourable  weather.  Therefore,  as  some  parts  of  the  ocean  are  mainly  frequented 
by  outward-bound  and  others  by  homeward-bound  ships,  the  means  of  the  re- 
corded observations  in  those  parts  must  differ  materially  from  the  true  average 
weather.  When  favourable  winds  are  blowing,  a  ship  is  rapidly  wafted  across  the 
area  of  observation,  and  comparatively  few  observations  are  made  within  it.  The 
wind  may  continue  blowing,  out  the  ship  is  unable  to  record  its  continuance  after 
it  has  leu  the  area  in  question.  On  the  other  hand,  if  an  antagonistic  wind  blows, 
or  if  calms  or  light  breezes  prevail,  then  the  ship  is  delayed  within  the  area,  and 
continues  making  observations  during  the  whole,  or  nearly  the  whole  period 
of  their  continuance.  Taking  one  course  with  another,  a  ship  sailing  with  a 
favourable  wind  crosses  one  of  the  usual  five-degree  divisions  of  the  ocean  in  twenty- 
four  hours,  or,  in  other  words,  in  three  eight-hourly  periods  of  observation.  There- 
fore the  observations  made  by  a  ship  resemble  observations  made  at  a  fixed  obser- 
vatory under  the  instructions  that  only  three  eight-hourly  observations  were  to 
be  taken  during  the  continuance  of  winds,  say,  from  the  northerly  quadrant,  but 
that  when  the  wind  was  in  the  southerly  quadrant  the  observations  were  to  be 
continued  during  the  whole  of  its  duration.  No  one  would  be  inclined  to  accent 
the  means  of  these  observations  as  a  just  statement  of  the  weather,  yet  this  is 
precisely  what  is  given  by  the  method  of  compilation  adopted  bv  the  Meteorolo- 
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gigal  Department.  The  weather  under  which  a  ship  enters  a  division  may  be  of 
any  description  whatever,  except  that  of  an  absolute  calm  in  a  sea  without  a  cur- 
rent, and  therefore  has  no  bearing  on  the  present  question.  It  must  further  be 
observed  that  the  error  he  had  pointed  out  not  only  affects  the  winds,  but  all  the 
meteorological  elements  so  far  as  they  are  correlated  with  the  winds  j  the  tempe- 
rature and  dampness  are  especially  affected  by  it.  The  method  he  proposed  by 
which  this  error  might  be  obviated,  was  to  impose. a  limitation  to  the  observations 
in  respect  to  interval  in  distance,  in  addition  to  the  existing  ej&ht-hourly  interval  in 
respect  to  time.  He  proposed  that  observations  should  not  be  included  in  the  groups, 
unless  the  places  where  they  were  made  were  at  least  as  far  asunder,  measuring 
in  the  direction  of  the  ship's  general  course  (and  not  along  her  tacks)  as  she  could 
traverse  with  a  favourable  wind  in  eight  hours.  Then  on  an  average  not  more 
than  three  observations  would  be  accepted  from  a  single  log-book  in  any  5-degree 
ocean  square.  He  did  not  possess  data  to  show  bow  far  the  accuracy  of  the  exist- 
ing wind  charts  is  impaired  by  the  neglect  of  this  cause  of  error.  He  presumed 
that  it  would  only  be  in  certain  parts  of  the  ocean  that  it  would  exercise  consider- 
able influence  on  the  computed  proportions  of  the  winds,  but  that  the  ratio  of  the 
calms  would  be  everywhere  exaggerated.  It  was  sufficient  that  he  should  point  out 
the  error  as  one  to  be  guarded  against  for  the  future,  for  he  trusted  that  the  whole 
of  the  work  in  the  Meteorological  Office  would  be  submitted  to  recomputation, 
and  that  an  improved  method  of  handling  and  grouping  the  observations  would  be 
adopted,  in  accordance  with  the  recommendation  of  that  Report  to  which  he  had 
already  alluded.  _____ 

On  the  Conversion  of  Wind-charts  into  Passage-charts. 
By  Francis  Galtow,  F.B.S. 

The  most  direct  line  between  two  points  of  the  ocean  is  seldom  the  quickest 
route  for  sailing-vessels.  A  compromise  has  always  to  be  made  between  directness 
of  route  on  the  one  hand,  and  the  best  chance  of  propitious  winds  and  currents  on 
the  other.  Hence  it  is  justly  argued  that  an  inquiry  into  the  distribution  of  the 
winds  over  all  parts  of  the  ocean  is  of  high  national  importance  to  a  seafaring 
people  like  ourselves.  A  knowledge  of  the  distribution  of  the  winds  would  clearly 
enable  a  calculation  to  be  made  which  would  show  the  most  suitable  passage  in  any 
given  case. 

But  as  a  matter  of  fact,  no  calculations  have  yet  been  made  upon  this  basis ;  much 
less  have  charts  been  contrived  to  enable  a  navigator  to  estimate  by  simple  mea- 
surements the  probable  duration  of  a  proposed  passage.  The  wind-charts  compiled 
by  the  Meteorological  Department  of  the  Board  of  Trade  are  seldom  used  by  navi- 
gators ;  for  they  do  not  afford  the  results  that  seamen  principally  require ;  they  only 
give  data  from  which  those  results  might  be  calculated  by  some  nitherto  unex- 
plained process,  which,  we  can  easily  foresee,  must  be  an  exceedingly  tedious  one. 

To  convert  wind-charts,  or  the  tables  of  wind-direction  from  which  the  wind- 
charts  have  been  compiled,  into  passage-charts,  we  must  ascertain  the  distances 
that  ships  of  different  classes  would  attain  in  an  hour,  if  they  made  the  best  of 
their  way  under  the  same  wind  towards  different  points  of  the  compass.  With  a 
moderate  wind,  a  merchantman  of  the  class  that  usually  navigates  the  Atlantic  will, 
by  beating  to  windward,  make  2£  miles  an  hour,  right  in  the  wind's  eye.  At  two 
points  off  the  wind  it  will  make  3  miles  j  at  four,  4  miles ;  at  six,  7  miles ;  at  eight, 
8J  miles :  at  ten,  0  miles ;  at  twelve,  9£  miles ;  at  fourteen,  8|  miles ;  and  at  six- 
teen, or  with  the  wind  right  astern,  it  will  make  7  j  miles.  We  must  next  turn  to 
the  wind-charts,  or  to  the  Tables  from  which  they  were  compiled,  to  ascertain  the 
proportion  of  the  winds  that  blow  from  different  points  of  the  compass,  in  the  re- 
gion we  are  investigating.  Thus  in  one  particular  case  we  find,  out  of  one  hundred 
observations,  that  six  referred  to  N.  winds,  fourteen  to  N.N.E.,  seventeen  to  N.E., 
six  to  E.N.E.,  three  to  E.,  two  to  E.S.E.,  two  to  S.E.,  five  to  S.S.E.,  six  to  S.,  six 
to  S.S.W.,  six  to  S.W.,  three  to  W.S.W.,  three  to  W.,  three  to  W.N.W.,  four  to 
N.W.,  five  to  N.N.W.,  and  nine  calms.  The  force  of  the  winds  was  not  recorded 
in  this  instance ;  we  must  therefore,  for  want  of  better  information,  assume  them 
to  be  moderate.  We  have  now  to  calculate  the  progress  that  ships  could  make  to- 
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wards  each  point  of  the  compass,  under  the  several  influences  of  each  of  the** 
winds.  In  the  example  taken,  the  N.  wind  will  he  reckoned  as  lasting  6  per  cent, 
of  an  hour,  and  therefore  ships  would  he  ahle  to  sail  daring  its  preTalence,  014 
mile  to  the  N.,  -018  to  the  N.N.E.,  and  so  on-  The  N.N.E.  wind  lasting  14  per 
cent,  of  an  hour  will  enable  ships  to  sail  -042  mile  to  the  N.,  -033  mile  toXN.IL, 
and  so  on.  The  N.E.,  E.N.E.,  and  all  the  other  winds  would  have  their  influence 
similarly  calculated.  We  thus  obtain  a  Table  of  sixteen  lines  (not  reckoning  the 
line  of  zeros  that  correspond  to  a  calms  ")  and  of  sixteen  columns,  whose  addition 
gives  the  total  progress  of  one  particular  class  of  ships,  in  one  hour,  to  all  point*  of 
the  compass,  under  the  influence  of  the  winds  that  blow  in  the  ocean-district  under 
consideration. 

The  bottom  line  of  the  Table  gives  the  results  that  we  seek.  In  the  case  we  hive 
taken,  the  diagram  in  the  Wind-chart  and  that  in  the  Passage-chart  would  be  of 
the  following  shapes  respectively: — 

Postage-chart  Diagram,  calculated  from 
that  of  the  Wind-chart 


Wind-chart  Diagram, 


a 

'0 

f....f....r 

Scale  ef  Miles 

The  proportion  of  winds  from  the  neigh- 
bourhood of  each  of  sixteen  points  of  the 
compass  is  shown  by  the  length  of  the  cor- 
responding lines  drawn  to  the  leeward  of 
the  centre.  The  radius  of  the  circle  repre- 
sents the  proportion  of  calms. 

The  force  of  the  winds  is  not  given  in 
this  diagram.  It  must  therefore  be  reck- 
oned as  "  moderate  "  throughout. 


The  probable  length  of  an  hour's  sail  in 
any  direction  from  c,  the  centre  of  the  dia- 
gram, is  shown  by  the  length  of  its  radius 
in  that  direction.  This  gives  a  scale  to  be 
used  throughout  the  ocean  area  to  which  the 
diagram  refers. 

Example. — Since  A  B  is  4$  times  the 
length  ol  the  parallel  radius  c  d\  therefore 
the  passage  from  A  to  B  will  occupy  on  an 
average  4j  hours. 


We  should  not  be  justified  in  usually  adopting  an  "  average  force  "  for  the  wind?, 
though,  for  simplicity  of  explanation,  we  selected  the  foregoing  example,  in  whkh 
we  were  obliged  to  do  so.  If  we  confined  our  computation  to  the  eflect  of  simple 
averages,  then  an  alternation  of  squalls  and  calms  would  be  improperly  reckoned  as 
moderate  weather.  We  must  therefore  group  the  winds,  not  necessarily  to  each 
degree  of  force,  but,  it  may  be,  in  two  or  perhaps  three  groups.  The  Tables  would 
therefore  consist  not  of  sixteen  lines,  but  of  twice  or  thrice  that  number.  For  the 
rapid  performance  of  these  calculations  we  should  tabulate  the  passages  of  various 
classes  of  ships  to  each  of  the  sixteen  points  of  the  compass,  unaer  the  influence  of 
winds  of,  say,  thirty  different  degrees  of  duration,  and  six  of  force,  ™  Airing  a  total 
of  180  lines  for  each  class  of  ships.  In  each  line  the  figures  should  be  repeated,  so 
as  to  sweep  not  only  once  but  twice  round  the  compass.  If  these  are  printed  on 
separate  slips  of  paper,  the  labour  of  copying  them  would  be  wholly  avoided ;  for 
the  same  Blips  could  be  used  over  again.  An  extract  from  the  foregoing  Table  will 
suffice  for  an  example  of  what  is  meant ;  where,  in  order  to  save  space,  the  figures 
that  refer  to  the  eight  principal  points  of  the  compass  are  alone  inserted. 
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3r.E.JE.|s.E.js.  |8.W.|w.j*.W. 

N. 

Hoars  6 

Faroe  mod. 

11  24  51    57    45    57    51    24 

14    24 

51    57    45    57    51    2        | 

N.I 

B. 

Hoars  17 

Force  mod.  1    40  68  144  161  127  161  144 

68    40 

68  144  161  127  161  144  68 

E.  . 

Hoars  3  1  Force  mod.  j         7    12    25    28    23    28 

25    12 

7    12    252822282512| 

8.E.... 
8 

.  1  Hoars  2 1  Faroe  mod. 

5      8    17    19    15 

19    17 

8      5      8    17    19    15  19    17    9j 

Hoars  6 

Force  mod. 

14    24    51    57 

45    57 

51    24    14    24    51    57  45  57  51  24 

B.W. 

W 

.  1  Hours  6 

Forcemod.)                 14    24    51 

57    45 

57    51    24    14    24    51  57  45  57  51 

± 

2512 

Hoars  3 

Force  mod.  1                   7    12 

25    28 

22    28    25    12      7    12  25  28  22 » 

N.W 

I      H« 

HOT  4 

Force  mod. 

9 

16    34 

38    30    38    34    16      »  16  31  38  »  S  34 

, 

Total. 

1 

If  the  slips  were  of  sufficient  length  to  include  the  data  for  every  class  of  ship,  a 
single  operation  would  simultaneously  build  up  Tables  for  alL 

A  navigator  wishing  to  find  the  probable  duration  of  his  intended  voyage,  would 
refer  to  a  chart  on  which  the  results  of  these  calculations  had  been  protracted  in 
the  form  of  diagrams.  He  must  set  his  compasses  to  the  radius  of  the  diagram 
nearest  to  the  commencement  of  his  intendea  route,  measuring  it  in  ft  direction 
parallel  to  the  route.  He  will  thereby  obtain  a  scale  of  probable  distance  for  one 
hour's  sail  during  that  part  of  his  voyage,  and  he  will  prick  out  his  passage  accord- 
ingly.  When  he  has  come  within  the  range  of  another  diagram  he  wil  set  his 
compasses  afresh.  Continuing  on  this  principle,  he  will  dot  out  the  probable  dura- 
tion of  the  whole  of  a  proposed  passage  in  the  simplest  possible  manner.  He  will 
thus  bo  able  to  select  the  quickest  out  of  any  manner  or  routes  that  may  be  sug- 
gested to  him,  and  to  determine,  on  the  most  trustworthy  of  existing  data,  what  U 
the  best  course  to  adopt  in  sailing  from  any  one  part  of  the  ocean  to  another. 

The  method  of  altering  a  diagram  so  as  to  include  the  effect  of  a  current,  is  too 
simple  to  require  explanation.  

On  the  Heat  attained  by  the  Moon  under  Solar  Radiation. 
By  J.  Pabk  Harrison,  M.A. 
When  the  author  brought  forward  the  subject  of  lunar  insolation  a  year  ac\ 
he  showed  by  a  simple  diagram  that  the  surplus,  or  accumulated  heat  in  the  m«>'D. 
beyond  what  it  radiates  off  to  other  matter  into  space,  or  owing  to  the  lon£-<^a~ 
tinued  action  of  the  sun's  rays  upon  her  crust,  would  necessarily  reach  it?  maximum 
several  davs  after  the  date  of  complete  illumination.  The  mean  duration  of  sd*' 
radiation  for  the  two  periods  of  first  and  third  quarters  is  in  fact  in  the  propor- 
tion of  4*25  :  11*25;  and,  consequently,  the  days  on  which  the  moon's  snA^ 
opposite  to  us  is  longest  withdrawn  from,  or  exposed  to,  the  sun's  heat  (in  otb'-r 
words,  the  days  on  which  the  moon  completes  her  first  and  third  quarters)  vculi 
be  not  far  removed  from  the  days  of  her  maximum  and  minimum  temperature  H* 
has  since  learnt  that  Herr  Althaus,  some  few  vears  back,  approximately  estimate*] 
a  maximum  temperature  of  840°  F.  on  the  52nd  day  of  the  lunation,  seven  day* 
after  the  day  of  full  moon.  Althaus,  it  appears,  measured  the  sun's  radian*1 
by  the  pyrheliometer,  and  then  applying  the  results  to  the  moon,  deduced  from  tbt 
extent  of  her  area  the  amount  of  neat  intercepted ;  his  measure  of  the  niocc? 
capacity  for  heat  was  that  of  quartz*.  Assuming  his  deduction  to  be  correct,  tlr 
heat  occasionally  attained  by  the  moon  would  approach  very  closely  the  temped* 
ture  at  which  iron  appears  red  in  twilight,  and  it  exceeds  the  fusing-points  ot  trc 
and  lead.  Unfortunately  the  estimate  cannot  be  compared  with  that  made  by  -* 
John  Herschel  which  applies  to  the  moon's  heat  at  the  period  of  complete Dlum- 
nation,  at  which  time  he  states  that  it  must  be  far  in  excess  of  boiling  water.  #"' 

*  Pogg.  Ann.  voL  xc.  p.  551. 
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as  the  centre  portion  of  the  moon's  crust  at  the  last  quarter  has  been  exposed  to 
some  180  additional  hours  of  uninterrupted  solar  radiation,  it  is  probable  that  the 
total  heat  attained  must  be  very  great  indeed.  Whatever  temperature  is  acquired, 
the  maximum  will,  it  is  believed,  occur  as  stated,  at  or  near  last  quarter. 

As  regards  the  date  of  the  greatest  cold  in  the  moon, the  German  physicist  already 
cited  arrives  at  the  conclusion  that  it  occurs  about  half  a  day  after  first  quarter; 
at  the  period,  in  fact,  when,  as  was  said  before,  the  region  of  the  moon  opposite  to 
us  has  been  the  longest  time  unexposed  to  the  sun's  rays.  If  a  temperature  of 
—92°  Tahr.  occurs  at  the  time  fixed  by  Althaus,  it  would  suppose  a  fall  of  040° 
Fahr.  (522°  Cent}  in  about  fifteen  days.  The  author  believes  tnis  interval  would 
be  required ;  for  the  conduction  of  heat  through  the  moon's  strata  would  be  very 
gradual :  and  though  it  is  true  that  bodies  at  very  high  temperatures  cool,  both  in 
air  and  in  vacuo,  with  great  rapidity,  yet  it  has  been  proved  that  the  rate  of 
cooling  is  greatest  in  air,  by  reason  of  its  convection  of  heat.'  This  is  one  of  the 
laws  laid  down  by  Dulong  and  Petit,  and  admitted  by  those  whose  judgment  in  the 
matter  is  most  to  be  relied  on.  The  author  has  submitted  the  point  to  direct  ex- 
periment in  the  receiver  of  the  large  air-pump  at  Kew,  when  the  velocity  of  cooling, 
shown  by  a  thermometer  with  a  half-inch  bulb  coated  with  lampblack,  for  tempe- 
ratures a  little  above  the  boiling-point,  was  found,  for  the  first  l(Xr,  to  be  25  per  cent, 
greater  in  the  glass  filled  with  air,  than  in  the  exhausted  receiver.  Thus  it  would 
seem  that  the  absence  of  an  atmosphere  would,  in  the  case  of  the  moon,  favour  an 
accumulation  of  heat,  though  in  a  different  manner  from  that  in  which  the  presence 
of  air  and  vapour  affects  the  earth,  where  the  slight  heat  stored  up  in  its  crust  would 
be  speedily  lost  if  it  were  not  for  the  counter-radiation  from  cloud  and  vapour. 

As  regards  the  theory  that  the  solar  rays  would  have  no  power  to  heat  matter  if 
surrounded  by  aether,  there  would  seem  no  reason  to  believe  that  this  is  the  case. 
It  would  be  necessary  that  the  observations  which  are  supposed  to  point  to  that 
conclusion  should  be  verified  before  the  possibility  of  a  result  so  unlooked  for  is 
admitted.  Sir  H.  Davy  found  by  experiment  that  absorption  of  heat  from  the  coal- 
points  of  the  electric  light  took  place  in  vacuo j  and  the  author's  own  experiment 
with  the  solar  ravs  unon  the  blackened  bulb  of  a  mercurial  thermometer,  heated  by 
means  of  a  lens,  in  the  16-inch  receiver  already  referred  to.  though  undecisive  as 
regards  the  relative  speed  of  heating  in  air  and  vacuo  with  tne  sun  as  the  source  of 
heat,  showed  a  gain  of  1603  Fahr.  in  two  minutes  (71°  11'  Cent.)  in  a  vacuum  of 
about  one-eighth  of  an  inch.  Also  in  several  experiments  with  thermometers  with 
black  and  blackened  glass  bulbs  enclosed  in  exhausted  2-inch  globes,  by  Mr.  CaseUa, 
and  one  with  a  lamp-blackened  bulb  in  a  globe  filled  with  air  made  for  the  purpose, 
the  thermometers  in  the  exhausted  globes  (and  more  especially  the  one  with  the 
blackened  bulb)  were  found  to  rise  quicker  and  reach  a  higher  maximum,  in  equal 
intervals  of  time,  than  the  one  in  the  globe  filled  with  air.  On  a  view  of  the  whole 
case  at  the  present  time,  there  would  seem  to  be  reason  to  believe  that  the  sun's 
ravs  must  penetrate  the  moon's  crust  to  a  depth  that  would  prevent  the  possibility 
(/her  acquired  heat  being  easily  or  speedily  dissipated,  and  consequently  that  the 
accumulation  of  heat  under  her  vertical  sun  would  reach  a  higher  point  than  is 
generally  supposed.  

On  the  Diurnal  Period  of  Temperature  in  relation  to  other  Physical  and 
Meteorological  Phenomena.    By  Prof.  Henkxsst,  F.BJ3. 


On  Meteoric  Showers  considered  with  reference  to  the  Motion  of  the  Solar 
System.    By  Prof.  Hennessy,  F.B.S. 

On  a  Table  of  Pairs  of  Stars  for  approximately  finding  the  Meridian. 
By  W.  J.  Macqfobn  Rankike,  C.E.,  LL.D.,  F.B.SS.  L.  $  E. 

The  author  stated  that  the  object  of  the  Table  referred  to  was  to  give  increased 
accuracy  and  utility  to  the  well-known  process  of  finding  a  meridian  line  approxi- 
mately oy  choosing  a  pair  of  stars  having  nearly  the  same  right  ascension,  and 
observing  their  direction  at  the  instant  of  their  "being  in  the  same  vertical  plane. 
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The  Table  contains  a  list  of  such  pairs  of  stars,  drawn  up  by  Professor  Grant  i 
Glasgow  Observatory ;  and  with  each  pair  there  is  given  a  correction-factor,  whit 
being  multiplied  by  the  secant  of  the  latitude  of  the  place  of  observation,  gives  ij 
correction  of  the  approximate  meridian  found  by  the  process ;  that  is  to  say,  4 
true  azimuth  of  a  plane  passing  through  the  observer  and  the  two  stars  at  t 
instant  when  that  plane  is  vertical.  The  following  are  the  formulas  for  the  com 
tion-factor  C  and  its  use : — 

Let  PA  and  PB  be  the  polar  distances  of  the  two  stars,  D  the  difference  of  tin 
right  ascensions  in  seconds  of  angle ;  then 

cotan  PA  -  cotan  PB i 

and  if  Z  be  the  correction  in  azimuth  in  seconds  of  angle,  and  L  the  latitude  of  t 
place. 

Z«C.secL. 
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On  some  Recent  Improvements  in  Astronomical  Telescopes  with  Silvered  OUk 
Specula.    By  John  Browning,  F.R.AJ3. 

During  the  last  year  I  have  devoted  a  large  portion  of  time  to  an  attempt 
improve  the  construction  of  telescopes  mounted  with  silvered  glass  specula.   Tl 
methods  usually  adopted  for  mounting  the  speculum  are,  1st,  snspffndmg  B 
2ndly,  supporting  it  upon  an  air-cushion,  or  a  bed  of  felt;  3rdly,  allowing  it  to  ret 
on  a  number  of  balanced  triangles. 

All  of  these  plans  are  open  to  the  objection  that  the  specula,  when  thus  mounta 
are  very  liable  to  get  out  of  adjustment.  The  plan  I  have  adopted  consists  i 
bringing  the  bottom  of  the  speculum  to  a  very  accurate  plane  surface,  and  thi 
placing  it  in  an  iron  cell,  the  inner  surface  of  the  cell  on  wnich  the  speculum  ret 
being  also  made  an  accurate  plane.  Mounted  in  this  manner,  the  speculum  d 
be  removed  from  and  replaced  in  the  telescope  without  fear  of  deranging  i 
adjustment. 

The  adjusting  screws  must  be  arranged  so  that  they  do  not  throw  any  strain  i 
the  iron  cell,  wnich  would  be  liable  to  produce  flexure  in  the  speculum,  Um 
specula  have  been  mounted  by  this  method,  up  to  10  inches  diameter,  with  succei 

It  is  known  that  the  arm  which  carries  the  diagonal  mirror  in  reflecting  tea 
scopes  produces  coarse  rays  on  bright  stars.  Instead  of  the  usual  arm,  I  mom 
the  diagonal  mirror  by  means  of  three  strips  of  chronometer  spring  strained  tighti 
edgewise  towards  the  speculum. 

when  observing  stars  with  reflectors^the  dffiraction-rings  surrounding  them  * 
greatly  reduced  by  employing  with  all  Huyghenian  eyepieces  a  good  Barlow  fa* 

Achromatic  eyepieces  (not  the  Eellner  construction)  give  superior  results ' 
Huyghenian. 

Tube-currents  can  be  almost  entirely  avoided  by  making  the  body  or  tube1 
iron,  which  quickly  equalizes  the  temperature  of  the  air  inside  and  ontsii 
the  tube. 

Should  an  observatory  be  built  for  a  reflector,  it  should  be  made  of  aheet-sa 
as  when  constructed  of  this  material  the  temperature  inside  and  outside  tl 
building  will  be  always  nearly  alike,  and  annoying  air-currents,  which  woald  I 
generated  in  a  building  constructed  of  a  non-conducting  material,  will  not  occur. 

Reflecting  telescopes  require  steadier  stands  than  refractors,  and  the  important 
of  securing  this  steadiness  can  scarcely  be  overrated. 

With  reflectors  mounted  as  described,  if  the  precautions  which  have  been  <w 
merated  are  adopted,  the  performance  will  almost  rival  that  of  good  rdrsctoi 
and  in  dividing  power  excel  them. 

The  Moon  Committee  of  the  British  Association  has  recommended  that  <J 
servations  upon  the  moon  should  be  made  with  a  power  of  1000  diameta 
Such  a  power  can  only  be  applied  in  telescopes  of  large  aperture,  whkh  are  it 
costly. 
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As  the  reflectors  are  only  half  the  length  of  achromatic  refractors  of  equal 
aperture,  and  their  price  is  scarcely  a  quarter  that  of  refractors  of  the  same  power, 
I  believe,  when  their  qualities  are  more  generally  known,  they  will  be  very  ex- 
tensively employed.  

On  a  New  Anemometer.     By  L.  Casella. 

On  a  Variable  Diaphragm  for  Telescopes  and  Photographic  Lenses. 
By  A.  Clattdet,  F.RJS. 

This  diaphragm  is  formed  by  a  number  of  narrow  strips  of  india-rubber,  the  two 
ends  of  which  are  respectively  attached  to  two  short  tunes  placed  near  the  object- 
glass  in  the  telescope,  or  in  the  middle  of  the  photographic  optical  combination. 
One  of  the  tubes  can,  to  the  extent  of  180°,  be  made  to  revolve  by  the  handle  of  an 
endless  screw  placed  outside,  and  acting  on  a  half-toothed  circle  fixed  on  the 
moveable  tube,  so  that  one  end  of  each  strip  being  attached  to  the  immoveable 
tube,  and  the  other  end  being  carried  round  as  much  as  half  its  circumference  by 
the  circle  to  which  it  is  fixed  j  each  strip,  extending  sufficiently  by  its  elasticity 
during  that  motion,  hides  more  and  more  the  aperture  of  the  tube,  until  it  coin- 
cides entirely  with  its  diameter.  All  the  strips,  acting  simultaneously  in  the  same 
manner,  cross  each  other,  and  in  doing  so  gradually  reduce  the  aperture  of  the 
tube  until  it  is  shut  entirely,  when  the  strips  overlapping  one  another  form  two 
cones  with  their  apices  turned  towards  each  other. 

The  action  of  this  diaphragm,  being  as  rapid  as  may  be  needed,  is  very  effective. 
It  may  be  usefully  employed  in  astronomical  investigations,  allowing  the  observer 
to  alter  gradually,  or  at  once,  the  aperture  of  the  lens,  according  to  circumstances 
and  different  kinds  of  experiments. 

This  diaphragm  is  also  very  convenient  in  photographic  operations,  as  it  enables 
the  artist,  during  the  sitting,  to  increase  or  reduce  rapidly  the  aperture  of  the  lens 
according  to  sudden  changes  in  the  intensity  of  light.  But  it  has  another  most 
important  advantage  in  taking  portraits,  which  consists  in  affording  the  means, 
first,  to  impart  to  the  portrait  a  certain  degree  of  softness  resulting  from  the 
spherical  aberration  produced  by  the  whole  aperture,  and  immediately  after,  by 
gradually  reducing  the  aperture  until  it  is  shut  entirely,  to  communicate  to  the 
picture  upon  the  slightly  confused  image  another  one  sharply  defined ;  the  blend- 
ing of  the  two  effects  producing  an  harmonious  and  artistic  portrait,  which  could 
not  be  obtained  separately,  either  by  the  whole  aperture,  or  Dy  the  centre  of  the 
lens  only.  

On  a  Magnifying  Stereoscope  with  a  Singh  Lens.     By  A.  Claudet,  F.B.S. 

In  the  ordinary  stereoscope  each  eye  has  its  lens,  but  if  a  single  lens  be  placed 
on  any  point  where  the  optic  axes  may  be  directed  and  cross  each  other,  such  a  lens 
is  sufficient  to  enable  both  eves  at  once,  and  each  separately,  to  see  through  it,  the 
slide  placed  behind  containing  the  two  pictures ;  each  eye  perceiving  only  the 
one,  the  perspective  of  which  belongs  to  it.  In  looking  with  the  two  eyes  the 
combined  image  appears  in  relief,  and  just  as  if  it  were  situate  on  the  lens  itself, 
where,  by  the  required  convergence  of  the  two  optic  axes,  the  two  pictures  seem 
really  to  coincide. 

The  pictures  are  mounted  as  usual  on  a  slide,  one  near  the  other,  but  with  the 
right  perspective  on  the  left,  and  the  left  perspective  on  the  right,  from  whence 
through  the  single  lens  they  can  only,  of  course,  reach  their  respective  eyes.  The 
slide  must  be  placed  at  the  distance  behind  the  lens,  which,  corresponding  with 
its  focus,  gives  a  distinct  vision  of  the  picture.  The  observer  must  place  himself 
exactly  before  the  lens,  which  is  to  be  precisely  in  the  middle  of  the  space  between 
the  eyes  and  the  pictures.  Placing  against  the  lens  and  in  front  of  it  a  black 
card  with  a  square  opening,  the  picture  appears  on  the  plane  of  that  opening,  and 
as  if  it  were  seen  on  its  usual  square  mounting. 

For  persons  who  (converging  the  optic  eyes  upon  the  lens')  can  keep  them  in 
that  position  while  tney  look  through  it  at  the  pictures  behind  (which,  Dy  a  little 
practice!  is  easily  acquired),  the  stereoscopic  illusion  is  very  complete,  and  the 
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effect  exceedingly  beautiful.  The  observer  sees  an  enlarged  square  picture  in  foil 
stereoscopic  relief  without  being  conscious  by  what  means  it  is  produced,  and 
without  even  noticing  the  apparatus  which  is  employed  ,*  for  the  whole  may  be 
hidden  by  a  screen,  having  in  the  middle  of  its  surrace  a  square  opening'  upon 
which  the  eyes  are  directed.  ___ 

Experiments  off  Ventnor  with  Mr.  Johnson's  Deep-sea  Pressure-gawp. 
By  J.  Glaisher,  F.R.S.,  $c. 

In  the  year  1861 1  brought  under  the  notice  of  Section  A  a  deep-sea  thermometer 
and  a  deep-sea  pressure-gauge,  both  instruments  invented  by  Henry  Johnson,  Esq. 

Experimental  trials  were  made  with  these  instruments  by  Sir  F.  Leopold  McClin- 
tock  during  his  sounding  voyage  in  H.M.S. '  Bull-dog/  on  the  proposed  route  of  the 
North  Atlantic  Telegraph  in  the  year  1860. 

In  the  experiments  made  with  the  deep-sea  thermometer,  the  indications  in 
various  deep  soundings,  to  the  depth  of  1400  fathoms,  approximated  to  those  of  the 
best  mercurial  thermometers  specially  arranged  for  temperatures  at  great  depths  : 
my  own  observations  upon  one  of  these  instruments  daily  recorded  for  six  months, 
dririnjr  which  time  it  was  suspended  on  a  stand  with  otner  thermometers,  at  the 
Royal  Observatory,  Greenwich,  also  were  in  agreement  I  have  taken  great  interest 
in  this  thermometer,  which  is  not  liable  to  be  affected  by  pressure  of  water;  and 
which  was  contrived  in  consequence  of  some  experiments  made  by  me  upon  the 
temperature  of  the  Thames  water  at  Greenwich  being  frustrated  by  the  pressure 
of  water  on  the  bulbs  of  the  thermometers  then  used,  at  the  depth  of  only  24  feet, 
when  the  pressure  of  water  would  be  rather  more  than  two-thirds  of  the  weight 
of  the  atmosphere,  as  represented  by  the  column  of  water  of  32  to  34  feet  in  the 
water-barometer. 

The  deep-sea  thermometer  is  composed  of  brass  and  steel,  and  the  specific 
gravity  of  these  metals  being  8*39  and  7*81  respectively,  they  are  not  liable  to 
compression  by  water,  which  acquires  a  specific  gravity  or  density  of  106  only, 
under  a  pressure  of  1120  atmospheres,  as  de- 
termined: by  Mr.  Perkins.  This  pressure  is 
equal  to  a  depth  in  round  numbers  of  5000 
fathoms.  ' 

In  the  construction  of  the  instrument  ad- 
vantage has  been  taken  of  the  well-known 
difference  in  the  ratios  of  expansion  and  con- 
traction of  the  two  metals  by  variation  of 
heat  to  form  compound  bars  consisting  of  a 
thin  plate  of  each  metal  rivetted  together. 
These  bars  assume  a  slight  curve  in  one  direc- 
tion when  heat  has  expanded  the  brass  more 
than  the  steel,  and  a  slight  curve  in  the  con- 
trary direction  when  cold  has  contracted  the 
brass  more  than  the  steel. 

The  indications  of  the  instrument  record 
the  motions  under  changes  of  temperature  of 
such  compound  bars,  in  which  the  proportion 
of  brass,  the  more  expansible  metal,  is  about 
two  thirds,  and  of  steel  one  third. 

To  the  lower  end  of  a  narrow  plate  of 
metal,  about  a  foot  long,  are  firmly  fixed  the 
ends  of  two  such  compound  bars,  the  other 
ends  being  free  to  move  to  one  side  or  the 
other,  according  to  the  action  of  temperature 
upon  the  more  dilatable  metal. 

The  free  ends  of  these  bars  are  connected 
by  lateral  arms  to  a  needle  moving  on  a  pivot 
in  its  centre,  at  points  equally  distant  from  the  centre,  and  the  motion  of  the  needle 
on  its  axis  is  regulated  by  the  motion  of  the  bars  under  the  action  of  the  temperature. 
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Three  scales  of  temperature,  ranging  from  25°  to  100°,  and  thus  exceeding  the 
range  of  the  temperature  of  sea-water,  are  fixed  upon  the  upper  end  of  the  plate,  to 
the  lower  part  of  which  the  bars  are  attached. 

Upon  one  of  these  scales  the  present  temperature  is  shown  by  the  needle  or 
pointer  (E),  regulated  by  the  motion  of  the  bars.  Two  other  needles  moving  upon 
the  same  pivot  are  useful  as  indexes,  the  needle  (g)  being  pushed  by  a  pin  on  the 
pointer  (E)  to  the  highest  temperature  attained,  and  the  needle  (F)  to  the  lowest, 
where  they  are  retained  in  position  by  stiff  friction  on  their  axis. 

It  will  be  observed  that  lateral  concussion  is  avoided  by  the  employment  of  two 
bars  attached  to  the  needle  at  points  equally  distant  from  its  centre. 

The  experiments  made  by  Sir  F.  Leopold  McClintock  with  the  deep-sea  pressure- 
gauge  showed  that  further  improvements  in  the  instrument  were  essential. 

The  pressure-gauge  used  by  him  in  1860  consisted  of  a  brass  cylinder,  with  a 
solid  piston  rod,  in  which  the  water  was  compressed  in  descending  by  the  piston 
rod,  forced  inwards  by  the  pressure  of  the  denser  external  water  until  it  became 
equallv  dense. 

In  filling  this  metallic  cylinder,  it  was  found  that  so  many  air-bubbles  adhered  to 
its  internal  surface  as  to  interfere  very  materially  with  the  results  of  experiment. 

To  obviate  this  difficulty,  a  cylindrical  vessel  of  glass  was  adopted,  with  a  gra- 
duated scale  upon  a  long  neck  or  stem,  and  closed  with  an  elastic  plug  of  caout- 
chouc, which  when  descending  was  forced  inwards  by  external  pressure,  compressing 
the  water  in  the  pressure-gauge,  and  pushing  along  the  graduated  scale  a  spring 
index,  which  remained  and  marked  the  degree  of  compression,  when  the  elastic 
plug  was  forced  back  again  to  the  top  of  the  scale  by  the  expansion-  of  the  com- 
pressed water,  as  the  pressure-gauge  was  raised  again  to  the  surface. 

In  this  instrument  the  absence  of  air-bubbles  was  easily  secured,  but  the  difficulty 
of  regulating  with  exactness  the  lubrication  of  this  plug,  and  thus  regulating  the 
friction  against  the  inner  surface  of  the  stem,  rendered  tne  results  of  experiments 
still  somewhat  uncertain. 

The  form  of  instrument  now  used  combines  the  advantages  of  a  transparent  glass 
vessel  with  the  absence  of  friction.  It  consists  of  a  cylindrical  glass  vessel  (A), 
having  at  one  end  a  sphere  (B)  perforated  with  one  or  more  small  apertures,  and 
covered  with  a  close-ntting  elastic  diaphragm,  and  at  the  other  end  an  oiled  silk 
valve  (D),  resembling  the  valve  of  an  air-pump,  and  admitting  water  into  the 
cylinder  under  external  pressure  when  descending,  until  the  water  in  the  pressure- 
gauge  is  of  equal  density  with  the  external  water.  Upon  a  shoulder  projecting 
near  to  the  upper  end  of  the  cylinder  a  small  glass  vessel  (H)  is  fixed,  covering  the 
sphere  (B) ;  and  from  it  rises  a  small  tube  (I),  graduated  on  such  a  scale  that  each 
part  or  degree  is  equal  to  ^Vir  Part  of  the  volume  of  the  water  contained  in  the 
cylinder,  and  consequently  one-tenth  of  a  degree  is  equal  to  ^.V^f  P*^ 

To  protect  the  valve  from  grit,  and  also  to  prevent  the  admission  oi  air  into  the 
cylinder,  an  elastic  waterproof  bag  (E),  with  a  perforated  metal  cover,  is  filled 
with  water,  and  screwed  on  to  the  valve  under  water  to  exclude  air ;  and  the  valve 
is  then  screwed  into  the  end  of  the  cylinder,  which  should  be  quite  full  of  water, 
the  superfluous  water  escaping  through  a  slot  in  the  valve-screw,  so  that  air  is  ex- 
cluded: from  the  cylinder. 

When  the  pressure-gauge  is  thus'  filled,  and  the  case  fastened,  it  is  ready  for 
sinking  valve  downwards,  on  a  sounding  line,  into  water  of  great  depth. 

When  the  pressure-gauge  sent  down  is  again  raised  into  water  of  less  density, 
the  increased  quantity  of  water  forced  into  it  by  external  pressure  is  retained  fiy 
the  valve  in  consequence  of  the  elastic  diaphragm  covering  the  sphere  yielding 
readily  to  its  expansion,  and  being  distended  in  proportion  to  tne  quantity  of  water 
forced  in ;  and  an  equal  quantity  of  water  is  expelled,  through  the  open  tube,  from 
the  small  glass  vessel  (H)  covering  the  sphere. 

This  displacement  of  water  from  the  vessel  (II)  is  the  measure  of  the  depth  to 
which  the  pressure-gauge  has  been  lowered,  and  the  amount  of  it  is  ascertained 
readily  by  adjusting  the  water  in  the  tube  (I)  to  the  degree  2000,  and  then  turning 
the  valve-screw  (D)  very  slightly,  to  allow  tne  excess  of  water  to  escape  through  the 
slot  in  the  valve-screw,  and  the  elastic  diaphragm  to  sink  again  closely  on  the  sphere, 
and  then  reading  off  on  the  scale-tube  the  height  of  the  water  remaining  in  it. 
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The  moderate  depths  of  water  that  can  be  attained  on  the  coast  of  this  country 
do  not  admit  of  any  trial  of  the  instrument  as  arranged  for  deep  soundings. 

However,  some  larger  instruments  were  made,  in  order  to  test  practically  the 
principle  on  which  the  pressure-gauge  has  been  constructed,  at  moderate  depths ; 
and  the  proportions  of  the  cylinder  and  of  the  tube  (I)  were  so  arranged  that  one 
degree  on  the  scale  of  the  tube  should  be  equal  to  —^  part  of  the  volume  of 
the  cylinder,  and  also  should  be  one-eighth  of  an  inch  in  length,  so  that  variations 
were  read  without  difficulty. 

ric.1 


fic  .  3. 


FIC.4. 


In  July  last  Thomas  Sopwith,  Esq.,  F.R.S.,  Captain  J.  E.  Davis,  of  the  Hydro- 
graphic  Department  at  the  Admiralty,  Mr.  Johnson,  my  son  and  I,  went  to  Veitnar 
in  the  Isle  of  Wight,  off  which  place  is  a  depth  of  water  of  40  fathoms,  which  is  a 
greater  depth  than  can  be  conveniently  obtained  at  any  other  place  near  the  coast, 
and  we  succeeded  in  obtaining  the  following  series  of  experiments  on  Julv  the  23rd, 
24th,  25th,  26th,  and  31st  ;— 

8  were  made  at  the  depth  of  10  fathoms. 
13 

7 

7 

8 
22 
12 

The  results  of  experiments  are  shown  in  the  annexed  diagram.  On  every  occasion 
the  compression  at  the  greatest  depth  was  recorded,  and  appeared  to  be  nearly  in 
proportion  to  the  depth.  The  ratio  of  compression  for  sea- water,  which  has  a  den- 
sity of  1.027'equal  to  the  density  acquired  by  fresh  water,  according  to  Mr.  Perkins's 
experiments,  under  a  pressure  of  about  500  atmospheres,  appears  to  be  ^  part 
for  a  depth  of  10  fathoms — in  the  moderate  available  depth  for  experiments. 

These  experiments  are  considered  to  have  established  the  principle  of  the  instru- 
ment as  sound.  Still,  a  series  of  experiments  at  greater  depth  appears  necessary  to 
test  the  instruments  under  various  conditions  of  depth,  temperature,  &&,  and  also 
to  construct  a  table  of  depths  to  be  used  in  deep-sea  soundings,  and  which  can  be 
arranged  in  fathoms. 

The  deep-sea  thermometer  is  intended  to  be  used  at  the  same  time  with  the  deep- 
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nation  or  fli< 


sea  pressure-gauge,  in  order  to  supply  any  correction  required  "  —  ■— 

volume  of  water  in  it  through  change  of  temperature.  ^   /v  ,        *' ' L'      *  jV.  >"„ 

However,  it  has  been  suggested  by  Captain  Davis  that,  to  renti«A^flgtJ^£iJk  *^ 
independent  of  this  calculation,  it  should  be  placed  previous  to  us&*dfcaacsi&&*e£ 
about  the  temperature  of  the  air,  so  as  to  acquire  this  temperature,  and  the  same 
action  repeated  after  use  and  before  reading  off. 

Variation  in  the  Volume  of  Sea-Water,  boiled  to  free  it  from  air,  with  change 
of  temperature.    Thermometer  67° -6  Fahr.    Barometer  29*92  inches. 


Beg. 

No.  of  Parte. 

Deg. 

No.  of  Parts. 

Dog. 

No.  of  Parte. 

Fahr. 

Fahr. 

1 

Fahr. 

86° 

20000O* 

64° 

199300     1 

42 

198880 

85 

199960 

63 

19927-5     i 

41 

19386-7 

84 

19992-5 

62 

199250 

40 

19885-5 

as 

199890 

61 

19922-5     i 

39 

19384-5 

82 

19985-5 

60 

19920-0     | 

38 

19883-5 

81 

19982-0 

59 

19917-5     ! 

37 

198830 

80 

19978-5 

58 

199150 

36 

19882-5 

79 

199750 

57 

199130 

35 

198320 

78 

19971-5 

56 

199110 

34 

.    19831-5 

77 

19968-0 

55 

199090 

33 

19881-0 

76 

19964-7 

54 

199070 

32 

198805 

75 

19961-5 

53 

199050 

31 

198800 

74 

19958-25 

52 

199030 

30 

198800 

73 

19955-0 

51 

199010 

29 

19880O 

72 

19951-5 

50 

193990 

i     28 

198800 

71 

19948-0 

49 

198970 

27 

198800 

70 

199450 

48 

198950 

26 

198800 

69 

19942-5 

47 

198940 

25 

198800 

68 

19940-0 

46 

19892-5 

24f 

198800 

67 

19937-5 

45 

198910 

23 

198800 

66 

19935-0 

44 

198900 

22 

108800 

65 

19932-6 

42 

198890 

'Remarks  on  a  new  Telemeter ;  a  new  Polarimeter ;  a  new  Polarizing  Micro- 
scope ;  and  various  Spectroscopes.    By  M.  Hofmann. 

On  the  North  Atlantic  Telegraph.  By  N.  J.  Holmes. 
The  author  described  a  projected  line  of  telegraphic  communication  between 
England  and  America  vid  Scotland,  the  Faroe  Isles,  Iceland,  Greenland,  and  the 
coast  of  Labrador,  and  known  as  the  North  Atlantic  Telegraph.  A  glance  at  the 
map  in  the  direction  pointed  out  will  at  once  show  that  convenient  natural  landing 
stations  exist  breaking  up  the  cable  into  four  short  lengths  or  sections.  Not  only 
will  this  subdivision  of  the  cable  diminish  mechanical  risks  in  submerging,  but  the 
retardation  offered  to  the  passage  of  the  current  through  the  several  snort  sections 
is  almost  as  nothing  when  compared  with  that  of  an  unbroken  length  of  2000 
miles.  The  average  depth  of  the  ocean  between  Scotland  and  the  Faroe  Isles  is 
only  150  fathoms,  the  greatest  depth  683  fathoms.  Between  the  Faroes  and  Ice- 
land 250  fathoms,  with  about  the  same  maximum  depth.  Between  Iceland  and 
Julianshaab,  the  intended  landing-place  of  the  cable  m  Greenland,  the  greatest 
depth  is  1550  fathoms ;  and  between  Greenland  and  Labrador  rather  over  2000 
fathoms.  These  lengths  of  cable  and  depths  of  ocean  are  both  not  only  manage- 
able but  practicable,  and  no  difficulties  in  the  working  exist  that  are  not  already 
known  by  reference  to  the  practical  working  of  existing  cables  under  the  conditions 

•  The  volume  at  86°  being  considered  as  unity,  and  divided  into  20,000  parts, 
t  A  gentle  motion  kept  up  to  equalise  the  temperature  of  the  sea-water  has  prevented 
iU  freezing  at  28°-5. 


other  times  this  ice  breaks  up,  and  the  coast  is  accessible  to  the  Danish  and  other 
trading  vessels  frequenting  the  port  and  harbour  of  Julianahaab,  the  proposed 
station  and  landing-place  of  the  cables,  and  at  such  times  the  cables  will  be  laid 
Reference  to  the  depth  of  the  soundings  up  the  Julianshaab  fiord  will  at  once  in- 
dicate the  security  of  the  shore-ends  of  the  cables  from  interference  by  ice  when 
submerged.  The  landing-places  of  the  cables  in  Iceland  are  likewise  in  no  way 
liable  to  be  disturbed  by  ice  of  such  a  nature  as  to  cause  damage  to  the  cable;  and 
on  the  Labrador  coast  tne  risk  of  injury  to  the  cable  cannot  be  considered  greater 
than  that  to  which  the  Anglo-American  telegraph  shore-ends  are  exposed  in  the 
vicinity  of  the  Newfoundland  bank. 

On  a  Defect  in  the  Demonstrating  Polariscope,  witk  a  simple  and  effective 
Remedy.     By  J.  T.  Taylor. 


CHEMISTRY. 


Address  by  H.  Bence  Jonbs,  A.M.,  M.D.,  F.R.S.,  President  of  the  Section. 
From  the  foundation  of  the  British  Association  in  1831, 1  believe  no  practising 
physician  has  been  President  of  the  Chemical  Section ;  and  I  cannot  take  this 
chair,  when  I  know  there  are  so  many  around  me  much  better  qualified  than  I  am 
to  lead  and  to  direct  the  discussions  that  will  take  place  on  various  papers  that  will 
be  read,  without  asking  your  extreme  indulgence  lor  my  shortcomings  when  sub- 
jects are  before  you  which  will  be  far  above  the  direction  of  my  inquiries. 

When,  however,  I  consider  that  my  presence  here  may  be  regarded  as  a  slight 
evidence  of  the  relationship  that  exists  between  chemistry  and  medicine,  I  am 
encouraged  in  my  undertaking  by  the  thought,  that  whatever  sets  forth  the  union 
of  chemistry  and  medicine  tends  to  promote  not  only  the  good  of  science  but  also 
the  welfare  of  mankind. 

For  centuries  this  union  has  been  at  one  time  admitted  and  at  another  disal- 
lowed ;  but  in  the  last  half-century  the  discovery  of  Dr.  Bright  has  proved  that 
chemistry  is  absolutely  requisite  for  the  detection  of  a  large  class  of  diseases,  and 
that  without  chemistry  the  nature  of  these  diseases  cannot  be  understood. 

Moreover,  since  this  gjreat  discovery  .the  action  of  different  chemical  substances 
on  the  different  forces  in  the  different  living  textures,  as,  for  example,  in  the 
muscles  and  nerves,  has  been  so  far  investigated  by  chemists,  that  it  is  daily 
becoming  more  and  more  certain  that  not  only  must  every  medical  man  become  a 
chemist  if  he  wishes  to  have  any  clear  idea  of  the  action  of  air,  food,  and  medicine, 
but  that  the  chemist  who  has  most  knowledge  of  the  different  forces  that  act  in 
the  body  will  require  to  learn  the  forms  of  matter  in  which  those  forces  reside,  and 
then  with  tentative  skill  he  will  quickly  be  able  to  regulate  the  qualitative  and 
quantitative  errors  which  constitute  disease.  In  other  words,  when  the  union  of 
chemistry  and  medicine  is  perfect,  then  science  will  show  us  how  to  keep  or  to 
regain  the  greatest  of  blessings,  health. 

The  past  year  has  not  for  chemistry  been  a  year  of  great  progress,  though  the 
harvest  of  new  truths  has  been  quite  equal  to  the  average. 

That  grand  field  for  discovery,  the  synthesis  of  organic  substances,  furnishes  a< 
usual  the  most  important  fruit ;  and,  as  in  duty  bound,  let  me  first  mention  the 
results  that  have  been  obtained  by  Professor  Frankland  at  the  Royal  Institution. 

His  synthetical  researches  on  ethers  have  partly  been  published  in  the  Philo- 
sophical Transactions.  He  has  succeeded  in  replacing  all  three  atoms  of  hydrogen 
in  the  methyl  of  acetic  acid  by  alcohol  radicals ;  and  thus  he  has  obtained  a  thud 

kind  of  butyric  acid,  namely,  di-meth-acetic  acid,  <  —*  2?    ,  and  a  new  valerianic 

acid,  namely,  tri-meth-acetic  acid,  ]qq  jj0;  a^fl0  ^B0"laur*c  *c*df    loofi      ' 
The  same  reaction  has  also  been  extended  to  the  replacement  of  the  hydrogen  of 
*  For  a  full  explanation  of  these  formula,  vide  Journ.  Ohem.  So*  1666,  p|>.  372  et  *?. 
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acetic  acid  by  isopropyl,  and  an  entirely  new  series  of  compounds  containing  this 
radical  has  thus  been  obtained.    One  of  these  forms  a  second  new  valerianic  acid, 

CO  Ho  • 2  ^ne  numeroU8  compounds  of  this 
beautiful  series  have  not  yet  all  been  examined  and  submitted  to  analysis,  and 
hence  these  results  are  still  unpublished. 

Taken  together,  the  data  furnished  by  this  investigation  establish  beyond  doubt 
the  internal  architecture  of  the  fatty  acids,  placing  the  constitution  of  these  bodies 
on  as  certain  a  basis  as  that  of  the  compound  ammonias  synthetically  investigated 
by  Hofmann. 

Professor  Frankland  has  also  continued  his  researches  with  Mr.  Duppa  on  the 
synthesis  of  acids  of  the  lactic  series. 

M.  Persoz  and  Professor  Maxwell  Simpson  have  added  still  further  to  our  know- 
ledge on  the  synthesis  of  organic  acids ;  and  Professor  Hofmann,  notwithstanding 
his  engagements  in  superintending  the  building  of  two  grand  laboratories  for  the 
promotion  of  chemical  research,  has  found  time  to  send  us  the  synthesis  of  guanidine. 
Before  leaving  this  subject  of  synthetical  chemistry,  I  must  mention  Professor 
Rosooe's  paper  on  the  "  Chemical  Intensities  of  Sunlight/'  for  this  is  the  direction 
in  which  the  chemist  looks  for  the  glorious  climax  of  all  his  synthetical  investiga- 
tions— the  discovery  of  the  chemical  architecture  of  substances  in  the  vegetable 
world. 

The  next  grand  field  of  investigation,  analysis,  seems  comparatively  deserted 
now.  A  most  remarkable  discovery  has  teen  made  by  the  Master  of  the  Mint  on 
the  absorption  and  dialytic  separation  of  gases*  by  colloid  septa ;  for  example,  he 
finds  that  mixed  gases  pass  through  india-rubber  at  different  rates  proportioned  to 
their  power  of  liquefaction.  The  oxygen  of  atmospheric  air  passes  through  rapidly, 
whilst  the  nitrogen  is  comparatively  stopped.  The  importance  of  this  discovery  in 
metallurgy,  and  its  application  to  the  physiology  of  respiration  and  of  the  passage 
of  oxygen  from  the  Mood  into  the  textures,  must  be  apparent  to  all.  Mr.  Vernon 
Harcourt  has  begun  to  estimate  quantitatively  the  effect  of  time  in  influencing  the 
amount  of  chemical  change ;  or  more  generally,  the  laws  of  connexion  between 
the  conditions  of  a  chemical  change  and  its  amount  Then  we  have  new  researches 
on  gun-cotton,  and  a  new  series  of  hydrocarbons  has  been  extracted  from  coal-tar. 
Some  further  spectrum  analyses  have  been  made  by  Mr.  Huggins :  among  these 
are  the  analyses  of  comets  and  of  the  new  star  in  Corona  Borealis,  of  which  the 
author  will  give  you  his  own  account ;  and  lastly,  in  physiological  chemistry  we 
have  an  important  paper  on  animal  heat,  by  M.  Berthelot,  being  the  third  memoir 
of  his  researches  on  thermo-chemistry ;  and  a  most  valuable  work  on  colouring- 
matters  and  extractive  matters  of  the  urine,  by  Dr.  Schunck ;  and  a  paper  on  the 
detection  of  an  alkaloid  fluorescent  substance  like  quinine  in  the  different  structures 
of  the  body,  by  Dr.  Dupie*  and  me. 

Pardon  my  egotism  if  for  a  moment  I  dwell  on  my  own  subject,  when  you  may 
consider  other  subjects  are  far  more  deserving  of  further  remarks. 

It  seems  but  a  few  years  ago  when  we  were  taught  that  the  animal  and  vegetable 
kingdoms  were  composed  of  entirely  different  kinds  of  substances.  Nitrogenous 
compounds  were  saia  to  belong  to  the  animal  kingdom,  and  the  vegetable  kingdom 
was  said  to  be  formed  of  carbonaceous  matters  only.  The  ammoniacal  products 
of  the  gas-works  were  considered  curious ;  and  only  from  the  time  of  Professor 
Liebig's  investigations  do  we  date  our  knowledge  of  the  all-pervading  presence  of 
albuminous  substances  in  vegetables.  We  can  now  see  plainly  that  this  was  the 
death-blow  to  all  chemical  distinction  in  the  composition  of  vegetables  and  animals. 
But  no  wrong  knowledge  is  easily  set  right.  First  starch,  then  woody  fibre,  then 
colouring-mattero  like  indigo,  then  alkaloids  like  auinine  were  one  after  the  other 
thought  to  distinguish  the  vegetable  from  the  animal  creation,  and  each  of  these 
substances  or  their  representatives  have  at  last  been  found  in  animals.  Even  pro- 
tagon,  which  was  thought  to  belong  only  to  the  nerves  of  animals,  has  been  found 
by  Hoppe  in  maize  and  other  cereals  to  the  amount  of  0*140  per  cent  So  that 
really  at  the  present  time  no  chemical  distinction  whatever  oetween  vegetables 
and  animals  can  be  made.  And  except  in  the  mode  in  which  these  different  sub- 
stances are  produced  in  the  two  kingdoms  of  nature,  no  chemical  deference  exists. 
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This  is  seen  in  the  following  two  columns  of  substances,  and  to  each  column 
must  now  be  added  Frotagon. 


Fanned  mM^ 

synthetically,       ^^ 

Oxalic  acid. 

Formic  acid. 

Lactic  acid. 

Acetic  acid. 

Valerianic  acid. 

Glycerine. 

Sugar. 

Starch. 

Cellulose. 

Cholesterin. 

Butjrin. 

Palmitin. 

Stearin. 


Formed 
analytically. 

Albumen. 

Casein. 

Animal  quinoidine. 

Indican. 

GlycoooL 

Taurin. 

Leucin. 

Urea, 

Caprylic  acid. 

Caproic  acid. 

Capric  acid. 

Olein. 

Stearin. 


Formed 
synthetically,      a 

Olein. 

Capric  acid. 

Caproic  add. 

Caprylic  acid. 

Urea. 

Leucin. 

Taurin. 

GlvoocoL 

Indican. 

Quinine. 

Casein. 

Albumen. 


Formed 
analytically. 

Palmitin. 

Butyrin. 

Cholesterm. 

Cellulose. 

Starch. 


Glycerine. 
Valerianic  sod. 
Acetic  acid, 
lactic  acid. 
Formic  acid. 
Oxalic  acid. 


Let  me  for  an  instant  point  out  to  you  what  a  vast  field  for  analytical  discovery 
lies  open  here  to  the  chemistry  of  the  future. 

Various  processes  of  oxidation,  hydration,  dis-hydration,  and  splitting,  taking- 
place  at  a  temperature  below  100°  F.,  produce  in  animals  a  multitude  of  com- 
pounds which  lie  between  albumen  and  carbonate  of  ammonia.  The  analytical 
chemistry  of  the  future  will  some  day  be  able  to  form  from  albumen  all  these 
descending  compounds,  as  surely  as  we  are  now  progressing  by  synthetical  disco- 
very to  the  formation  of  all  the  compounds  that  are  put  together  by  the  synthetical 
chemistry  of  vegetables;  and  as  the  synthetical  chemist  is  already  surpassing 
nature  by  forming  combinations  which  vegetable  life  has*  never  yet  produced,  so 
the  analytical  chemist  of  the  future  will  probably  from  albumen  educe  innume- 
rable compounds,  which  in  the  tissues  ana  secretions  of  animals  have  never  been 
known  to  occur. 

It  is  the  special  function  of  the  British  Association  to  popularise  science  and  to 
interest  the  public  generally  in  the  discovery  of  scientific  truth.  This  Association 
is  in  fact  a  means  of  education.  It  was  intended  to  promote  the  diffusion  of  natural 
knowledge  among  the  neople,  because  it  was  considered  that  that  knowledge  sur- 
passed all  other  knowledge  in  its  usefulness  and  benefit  to  mankind. 

From  its  relationship  to  the  public,  the  British  Association  is  more  interested 
than  any  other  Society  that  exists  in  hastening  the  time  when  education  in  natural 
knowledge  will  be  at  least  as  general  as  the  education  in  classical  knowledge 
now  is. 

My  predecessor,  Professor  Miller,  last  year  told  you  that u  some  years  will  no 
doubt  elapse  ere  science  is  admitted  to  take  equal  rank  as  a  means  of  education  with 
the  study  of  classical  literature.  Still  it  is  but  a  question  of  time."  "  The  practical 
instinct  of  the  nation  is  becoming  alive  to  the  necessity  of  making  certain  portions 
of  the  training-  of  our  youth  consist  in  the  systematic  study  of  the  elementary  parts 
of  properly  selected  branches  of  science." 

Although  we  may  say  with  Mr.  Gladstone  that  time  is  on  our  side,  and  although 
we  are  beginning  to  ask  how  our  present  formula  for  education  has  arisen,  and 
why  it  remains  almost  unchanged  whilst  all  natural  knowledge  is  advancing,  and 
although  on  entire  change  in  everything  except  the  highest  education  has  taken 
place,  yet  public  opinion  is  affected  so  slowly,  and  the  prejudices  of  our  earliest 
year?  hx  themselves  so  firmly  in  our  minds,  and  the  belief  we  inherit  is  so  strong, 
that  an  education  far  inferior  to  that  which  a  Greek  or  a  Roman  youth,  say  twentv 
centuries  ago,  would  have  received,  is  the  only  education  fit  to  make  an  English 
gentleman,  that  I  consider  it  is  of  no  use,  notwithstanding  the  power  which  this 
Association  can  bring  to  bear  on  the  public,  to  occupy  your  time  with  the  whole 
of  this  vast  question. 

But  there  is  an  outlying  portion  of  this  subject  which  personally  touches  each 
one  of  us  here  present,  and  this  with  much  diffidence  I  venture  to  bring  before  this 
Section  of  the  British  Association. 
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I  allude  to  the  present  state  of  education  In  natural  knowledge  of  that  portion  of 
the  community  who  may  at  any  moment  be  asked  to  tell  any  of  us  here  present, 
what  mechanical  means  should  be  used  to  lessen  or  increase  the  mechanical  actions 
of  the  body,  and  what  chemical  substances  should  be  taken  to  lessen  or  increase  the 
different  chemical  actions  within  us,  when  they  rise  or  fall  to  such  a  degree  as  to 
constitute  disease. 

I  know  well  that  no  expression  of  opinion  can  be  given  collectively  by  this 
Chemical  Section  on  the  necessity  for  a  preliminary  education  in  chemistry  and 
physics  of  those  who  undertake,  first  to  understand,  and  then  to  give  advice  on  the 
errors  of  oxidation,  digestion,  secretion,  and  nutrition  of  our  bodies ;  but  I  may, 
perhaps,  lead  you  individually  to  consider  this  subject,  and  to  bring  your  influence 
to  bear  upon  this  question  as  being  at  the  root  of  a  great  change,  which  may  bring 
a  direct  benefit  to  us  and  to  our  children  in  helping  us  to  procure  and  to  preserve 
our  health ;  whilst  it  will  lead  to  an  increase  in  the  number  of  those  who  are 
looked  on  with  great  favour  by  the  British  Association :  I  mean  the  individual 
cultivators  of  natural  knowledge. 

In  order  that  you  may  see  clearly  what  is  wanted,  I  will  contrast  the  present 
state  of  medical  education  with  that  reasonable  knowledge,  which  I  am  quite  sure 
every  one  in  this  Chemical  Section  will  say  ought  to  be  possessed  bv  tnose  who  * 
attempt  to  understand  and  to  regulate  an  apparatus  that  works  only  whilst  oxygen 
is  going  into  it  and  carbonic  acid  is  coming  out  of  it. 

I  will,  as  shortly  as  possible,  put  before  you  the  present  education  of  those  who 
practise  medicine. 

The  present  higher  education  for  the  medical  profession  consists,  shortly,  in 
learning  reading,  writing,  and  arithmetic  in  the  first  ten  years  of  life.  In  the 
second  ten  years,  Latin,  Greek,  some  mathematics  or  divinity,  and  perhaps  some 
modern  language.  In  the  third  ten  years,  physics,  chemistry,  botany,  anatomy, 
physiology,  and  medicine,  and  perhaps  surgery. 

Looking  at  the  final  result  that  is  wanted,  namely,  the  attainment  of  the  power 
of  employing  the  mechanical,  chemical,  electrical,  and  other  forces  in  all  things 
around  us  for  increasing  or  diminishing  the  mechanical,  chemical,  and  other  actions 
taking  place  in  the  different  textures  of  which  our  bodies  are  composed,  it  is 
quite  clear  that  the  second  decennial  period  is  passed  without  our  advancing 
one  step  towards  the  object  required ;  and  that  in  the  third  decennial  period  the 
amount  to  be  learned  is  very  far  beyond  what  is  possible  to  be  attained  in  the  time 
allowed. 

In  the  first  eighteen  years  of  life,  reading,  writing,  and  arithmetic,  and  enough 
Latin  to  read  and  write  a  prescription  constitute  the  minimum  to  be  acquired. 
During  the  next  three  years,  physics,  chemistry,  botany,  anatomy,  physiology,  and 
the  practice  of  medicine,  surgery,  and  midwifery  have  all  to  be  learned,  and  from 
this  crowding  it  follows  that  the  study  of  physiology  is  begun  at  the  same  time 
as  the  study  of  physics  and  chemistry,  in  other  words,  the  structure  and  the 
foundations  are  commenced  at  the  same  time.  The  top  of  the  house  may  be  almost 
finished  when  part  of  the  foundations  has  not  been  begun. 

What  chance  is  there  of  any  one  understanding  the  actions  of  the  chemical, 
mechanical,  and  electrical  and  other  forces  in  the  body,  until  a  fundamental  know- 
ledge of  chemistry,  mechanics,  and  electricity  has  been  first  obtained?  What 
chance  has  a  medical  man  of  regulating  the  forces  in  the  body  by  giving  or  with- 
holding motion,  food,  or  medicine  with  any  reasonable  prospect  of  success,  when  a 
preliminary  education  in  these  sciences  is  thought  to  be  of  no  importance  ? 

It  seems  to  me  that  the  only  possible  way  to  make  the  present  preliminary 
education  for  medical  men  less  suited  to  the  present  state  of  our  knowledge,  would 
be  to  require  them  to  know  Hebrew  or  Arabic  instead  of  Latin,  in  order  that  the 
origin  of  some  of  our  words  might  be  better  understood,  or  that  prescriptions 
might  be  written  in  one  or  other  of  these  languages. 

Let  me  now,  for  contrast  sake,  draw  you  a  picture  of  a  medical  education,  based 
upon  the  smallest  amount  of  classical  knowledge,  and  the  greatest  amount  of 
natural  knowledge  which  can  be  obtained. 

In  the  first  ten  or  twelve  years  of  life,  a  first-rate  education  in  the  most  widely 
used  modern  language  in  the  world,  English,  with  writing  and  arithmetic,  might 
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lit*  VHt"  w.11  gaiuiniT^  -rad  t.^tti  v  Vr-jni»-  m 
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M»mn«  taac  ~^r»  is  it   limr:  v  3aan-   jd-iwi^ire.  u 

.  aait  ai^r-i-n*  w^un:!.  5—^»»*-l-*  r  ra*  <  uw  thai  ok  m  them. 
r-ju.  ti*.  m»i  r-T  T^-i  *>  ta^  :*»:omm  of  health  and  of 
v  >.»_-m  tin*  tun*  :"^a:  z::.rit  ti/dgT.xed  v>  acndnnz  natural 
.  iii*±  i^tirrrti-*  wiio  Rgn'.ia^  =*«Dr»i  ed-ratosi  only  this  last  sprit^r 
h*r*  ^v>*taia^*  taas. i=.  *i  titt*!  v  iAtrr.  *r*ry aaedfeal  =aa  «hsfl  poses  a  com- 
p^>nt  k^ -.fViL**  c£  r?r*^k.  a  ordtr  tiu  tW  faiialka  of  hard  weeds  aaay  be 

in  <r.!^7KULa  ci  ray  09EEi»:a  o^  tl<«  <izr^c^ja  is  vidrh  tbe  ti«at»mcat  of  <fc«fc* 
n  p?»yyr>A*zs^.  I  bit;i«s  r*rfe  so  ike  caitJr-pI*r»p,  vkiek  i»  1745  ««  trcsted  by 
Jfr.  M'TS=;*t.  st  tr-ix  un*  ^ct^'^zt  *jf  ti*  fi  T»i  SceietT,  and  tkerefoe  oae  of  th* 
ar0*t  wrk-^ti^:  ui?*vr*z&  in  the  /-ri-trv.  with  anti»ony  mmd  biecdiny.  Is  1^*V 
two  «^mi*t*,  br'Anzu*  SmhK.  PtJJ-p  F.RjS^  cad  Mr/Crook**.  F.RSl  gmre  the 
fjc.j  u^fru  *  ^rz-^ii^n  for  coahi;.".z  the  diseftse,  mmelT,  by  the  azrest  or  thf 
d*j>trnct:  -  n  of  tfc*  powjo  fev  ci.rmca:  jcrect^ 

Ih^r*  u  yet  another  point  of  ri^w  in  which  chemist*  wiD  m  the  harm  that 
T&n\\A  from  our  prwmt  medical  edaeitioii. 

ihft  u«^  of  Latin  in  our  prescriptionj  requires  that  the  pharmaceutist*  saonld 
l«arn  at  l^wt  sufficient  Latin  to  read  what  we  hare  written.  Many  error?  bate 
arisen,  and  will  arise  from  the  dUpenser  being  unable  to  give  the  direetiona  risfctly. 
To  avoid  inch  mirtakea,  a  portion  of  the  time  that  ought  to  be  given  to  the  attaic- 
m*mt  of  the  highest  possible  amount  of  chemical  acquirement,  and  a  perfect  know- 
l'*lgfc  of  the  English  language,  or  some  foreign  language,  wherein  he  might  lean 
th«  duc/ireriea  in  chemwtrr,  and  the  improvements  m  pnarmacy  of  other  countries. 
mu*t  be  devoted  to  the  learning  of  Latin  in  which  the  physician  writes  hi* 
directions* 

All  our  druggist*  in  England  ought  to  be  what  they  are  in  Germany  and  in 
Franco,  chemints  capable  of  any  analysis  that  might  be  required  of  them,  and  able 
to  satisfy  th'OTiwlvfc*  and  the  medical  men  that  the  substances  they  sell  are  what 
th«*y  profiMM  to  }>«,  pun*,  unadulterated  chemical  compounds. 

So  one  of  my  hearers  in  this  Section  will  consider  five  years  a  long  time  for  the 
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acquirement  of  such  knowledge,  and  until  the  pharmaceutists  all  obtain  this  educa- 
tion, medicine  will  be  subject  to  a  great  cause  of  uncertainty  in  the  variations  in 
the  quality  and  quantity  of  the  different  substances  which;  under  the  same  name, 
are  obtained  from  different  druggists. 

Before  I  conclude  I  must  apologize  to  some  in  this  Section  who  may  think  that 
this  subject  is  of  no  interest  to  them,  by  reminding  them  that  none  out  chemists 
can  judge  what  the  worth  of  chemical  education  really  is ;  and  I  am  sure  that  no 
body  of  scientific  men  exists  who  are  so  fitted  to  judge  of  the  necessity  of  an  edu- 
cation in  natural  knowledge  for  those  who  employ  the  forces  around  us  to  regulate 
the  forces  within  us  as  the  Chemical  Section  of  the  British  Association. 

Last  year  Professor  Miller  said,  "  It  behoves  all  who  are  themselves  engaged  in 
the  pursuit  of  science  to  consider  in  what  way  they  can  themselves  aid  in  forward- 
ing the  cultivation  of  natural  knowledge." 

I  ask  you,  for  the  good  of  science  and  for  your  own  good,  to  exert  your  influence 
in  the  first  place,  and  more  especially  to  effect  a  change  in  the  preliminary  educa- 
tion of  all  those  who  intend  to  practise  medicine ;  so  that  leaving  Greek  and  Latin 
to  be  the  ornaments  and  exceptions  in  their  education,  they  may  have  time  to 
obtain  the  best  possible  knowledge  of  the  chemical  and  physical  forces  with  which 
they  have  to  deal  I  urge  this  because  of  my  conviction  that  whenever  the  most 
perfect  knowledge  of  chemistry  and  physics  becomes  the  basis  of  rational  medi- 
cine, then,  and  not  till  then,  medicine  will  obtain  the  highest  place  among  all  the 
arts  that  minister  to  the  welfare  and  happiness  of  man. 

On  the  Assay  of  Coal,  $c,  for  Crude  Paraffin  Oil,  and  of  Crude  Oil  and. 
Petroleum  for  Spirit,  Phoiogen,  Lubricating  Oil,  and  Paraffin.  By  Dr.  J. 
Attfield,  F.C.S.,  Director  of  the  Laboratory  of  the  Pharmaceutical  Society. 

The  paper  included  descriptive  details  of  the  methods  of  examining  small  speci- 
mens of  coal,  shale,  lignite,  &c.,  with  the  view  of  determining  their  value  as 
sources  of  crude  paraffin  oil.  It  also  contained  instructions  whereby  to  obtain  the 
value  of  a  specimen  of  crude  oil  or  of  petroleum  as  sources  of  spirit,  photogen,  lubri- 
cating oil,  and  paraffin.  The  author  placed  no  dependence  on  the  process  of  igniting 
the  coal,  &c.  in  a  crucible  and  taking  the  amount  of  volatile  matter  yielded  as  an 
indication  of  the  value  of  the  specimen.  He  preferred  to  submit  the  coal  at  once 
to  distillation,  with  certain  precautions,  in  a  small  iron  retort  arranged  in  a  pecu- 
liar manner.  After  showing  how  to  pest  separate  and  weigh  the  oil  and  other 
products  of  the  distillation  so  as  to  avoid  loss,  the  author  proceeded  to  suggest  the 
adoption  of  uniform  operations  to  ascertain  the  value  of  the  oil  or  petroleum. 
These  were  mainly  operations  of  fractionation  with  or  without  previous  distillation, 
with  or  without  previous  purification.  The  separation  of  paraffin  on  the  analytical 
scale  of  the  laboratory  was  then  described,  the  paper  closing  with  suggestive  remarks 
concerning  the  nomenclature  of  the  various  products. 


On  the  Action  of  Chlorine  on  Amylene.    By  Dr.  Bauer. 


On  the  Purification  of  Terrestrial  Drinking  Waters  with  Neutral  Sulphate  of 
Alumina.    By  Alfred  Bird. 

The  principle  upon  which  this  process  is  founded  is  based  upon  the  known  affinity 
which  nvdrated  alumina  has  for  organic  matters,  in  combining  with  them  and  ren- 
dering them  insoluble. 

The  action  is  as  follows:— 

One  part  of  neutral  sulphate  of  alumina  in  solution  is  added  to  seven  thousand 
parts  or  the  water  to  be  purified.  As  soon  as  the  mixture  is  made,  a  cloudy  haze 
is  seen  in  the  water,  wjiich  haze  rapidly  condenses  into  flocculi,  with  little  lanes  of 
clear  water  of  the  greatest  brilliancy  and  beauty  between  them.  As  the  flocculi 
become  more  dense  they  rapidly  descend  to  the  bottom  of  the  water,  leaving  it 
absolutely  free  from  all  organic  colouring-matter,  as  clear  as  crystal,  and  free  from 
taint 

The  time  required  for  complete  precipitation  is  from  six  to  eight  hours ;  if,  there- 
looo.  3 
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fore,  the  precipitant  be  pat  in  over-night,  the  water  will  be  ready  for  nee  am  the 
morning,  and  as  time  for  the  action  to  take  place,  and  mot  ^tmnHtrn  ef  water  ia  the  con* 
©deration,  ten  thousand  gallons  can  as  quickly  be  punned  by  tide  ptuceaa  as  a 
gallon. 

The  chemical  action  is  thus: — The  lime  which  is  in  solution  in  the  water  as  a 
carbonate  combines  with  the  sulphuric  acid  of  the  sulphate,  and  feme  sulphate  of 
fime.  The  liberated  hydrate  of  alumina  instantly  attacks  the  organic  matter,  which 
it  renders  insoluble,  and  both  rapidly  descend  to  the  bottom  of  the  water,  while  the 
carbonic  acid  gas  which  remains  in  the  water  imparts  to  it  a  sparkling  freshness  and 
beauty. 

As  the  liberation  of  the  hydrated  alumina  depends  on  the  presence  of  carbonate 
of  lime  in  the  water,  and  as  its  obeenct  in  terrestrial  waters  is  a  most  rare  occur- 
rence, the  applicability  of  this  precipitant  for  the  porifieation  of  terrestrial  waters 
may  be  saidf  to  be  universal. 

fn  order  to  test  the  effect  of  the  precipitant  upon  very  dirty  water,  a  flaDon  was 
taken  out  of  the  Thames  at  half-tide,  in  the  centre  arch  of  London  Brioge.  Into 
this  water  was  put  twenty  drops  of  a  standard  solution  of  the  precipitant.  The 
water  was  then  allowed  to  stand  eight  hours,  when  it  was  founa  that  all  the  filth 
had  settled  to  the  bottom,  and  the  supernatant  water  was  clear,  sparkling,  and 
pleasant  to  drink. 

The  author  has  therefore  the  greatest  confidence  in  recommending  the  precipi- 
tant for  purifying  the  water  contained  in  ships'  tanks,  and  the  waters  taken  from 
tropical  rivers  and  ponds^  which  in  their  natural  state  it  is  impossible  to  drink,  in 
consequence  of  the  decaying  organic  matter  contained  therein,  being  a  direct  incen- 
tive to  cholera.  If  to  such  waters  the  precipitant  be  applied,  they  can  be  rendered 
as  perfectly  salubrious  as  water  taken  from  die  deepest  wells.  The  same  effect  can 
be  produced  by  the  precipitant  on  tainted  well-water,  and  the  waters  of  stagnant 
ponds  which  are  left  for  the  use  of  cattle  in  the  corners  of  fields. 

For  testing  the  superior  salubrity  of  water  which  had  been  purified  with  the  pre- 
cipitant over  the  tame  footer  which  had  not  been  so  purified,  various  experiments 
were  detailed.  

On  the  Oxidizing  Action  of  Carbon.    By  Dr.  Ckacs-Calykrx,  F.RJ8. 


On  Disinfection.    By  William  Cbooxes,  F.ILS. 

As  an  illustration  of  the  want  of  general  knowledge  of  the  laws  of  disinfection, 
and  the  evils  resulting  from  the  absence  of  combined  action  between  the  local  self- 
governing  authorities,  I  may  refer  to  what  is  being  done  in  London  in  reference  to 
the  present  outbreak  of  cholera.  The  drainage  of  one  thousand  acres,  saturated  with 
a  powerfully  oxidising  disinfectant,  mingles  in  the  sewers  with  the'drainage  from  an- 
otner  thousand  acres,  to  which  a  powerfully  deoxidising  agent  has  been  liDeraDy  ap- 
plied, the  result  being  that  an  enormous  amount  of  money  is  expended  on  various  dis- 
infectants and  deodorisers,  with  very  inadequate  results ;  and  many  valuable  agents 
may  ultimately  fall  into  discredit  from  the  want  of  a  few  simple  discriminating  rules 
for  their  proper  application.  Disinfecting  agents  of  great  value  are  being  used  for 
purposes  for  which  they  are  totally  unfit ;  useful  but  incompatible  disinfectants 
are  recommended  in  the  same  paper  of  instructions ;  and  chemicals  of  the  most 
potent  description  are  given  to  ignorant  persons  without  a  word  of  warning  as  to 
now  they  are  to  be  applied. 

Disinfection  is  by  no  means  so  simple  a  process  as  is  generally  supposed.  Che- 
mists are  aware  that  we  cannot  use  one  substance  with  equal  efficacy  in  all  imagi- 
nable cases.  The  process  is  one  depending  upon  complicated  chemical  and  physiolo- 
gical actions ;  and  chemistry  has  placed  at  our  disposal  several  substances  which  are 
applicable  to  various  requirements  of  the  case ;  but  to  pin  one's  faith  to  one  agent 
only,  be  it  carbolic  acid,  chloride  of  lime,  Condy's  fluid,  or  McDougalTa  powder,  is 
to  limit  one's  powers  of  disinfection  in  a  very  unwise  degree ;  whilst  to  recommend 
all  these  things  without  discriminating  in  what  cases  they  are  severally  to  be  used, 
is  like  sending  a  sick  man  to  a  druggist's  shop,  telling  him  neither  what  special 
'rug  to  take,  nor  how  much  for  a  dose. 
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It  is  highly  important  that  the  best  plan  of  disinfection  adapted  to  the  present, 
or  like  emergencies,  should  be  definitely  settled  by  some  competent  authority,  and 
its  adoption  then  made  uniform  throughout  the  country.  The  various  disinfectants 
ought  always  to  supplement  each  other,  so  that  when  the  contents  of  the  adjacent 
sewers  blend  together,  the  purifying  action  of  the  disinfectants  used  should  pervade 
the  mass. 

The  word  "  disinfectant,"  in  its  ordinary  sense,  implies  a  body  which  will  destroy 
an  animal  poison  or  virus,  in  whatever  way  it  is  accomplished ;  in  a  more  restricted 
sense,  the  term  is  used  to  indicate  an  agent  which  destroys  organic  or  offensive 
matter  by  oxidation  or  analogous  action;  whilst  under  the  term  " antiseptics  "  are 
classed  those  agents  which  arrest  poisonous  action  by  destroying  the  tendency  to 
putrefy,  and  stopping  chemical  change. 

Oxidizing  disinfectants — those  which  actually  burn  up  organic  matter  by  means 
of  combined  or  atmospheric  oxygen — are  by  far  the  best  known  and  most  used : 
inasmuch  as  they  appeal  directly  to  popular  prejudice,  by  destroying  the  foul 
odours  which  are  the  usual  accompaniments  of  infection,  whilst  "  antiseptics  "  have 
little  or  no  action  on  these  gases.  This  fallacious  mode  of  estimating  their  relative 
value  is  one  which  does  great  injustice  to  antiseptics. 

In  the  search  for  disinfectants  suitable  to  arrest  the  progress  of  a  zymotic  disease, 
it  is  necessary  to  strike  off  at  once  a  whole  class  of  valuable  agents  which  will  not 
meet  the  requirements  of  the  case.  It  is  more  than  probable  that  the  infectious 
matter  partakes  of  the  physical  properties  of  a  vapour  or  of  fine  dust;  and  it  is 
consequently  hopeless  to  attempt  to  combat  the  virus  by  non-volatile  disinfectants. 
For  this  reason,  charcoal,  chloride  of  zinc,  the  permanganates,  solutions  of  metallic 
salts,  and  other  similar  substances  are  of  limited  use :  what  is  wanted  for  general 
purposes,  is  a  liquid  and  a  volatile  disinfectant,  which,  after  first  acting  on  infected 
surfaces,  will,  by  gaseous  diffusion,  pervade  the  infected  atmosphere,  and  destroy 
the  floating  virus. 

At  first  sight  the  action  of  a  powerful  oxidizing-disinfectant,  like  chloride  of 
lime,  or  Condy's  fluid,  upon  noxious  vapours  or  even  septic  germs,  appears  perfect. 
In  presence  of  an  excess  of  either  of  these  agents,  all  organic  impurity  is  at  once 
burnt  up,  and  reduced  to  its  simplest  combinations;  and  could  we  always  rely 
upon  the  presence  of  a  sufficient  amount  of  either  of  these  bodies,  no  other  purifiers 
would  be  needed.  But  in  practical  work,  these  disinfectants  are  always  very 
inadequate,  except  for  a  short  time  after  their  application;  at  other  times,  the 
oxidizing  agent  nas  presented  to  it  far  more  noxious  material  than  it  can  by  any 
possibility  conquer ;  and  being  governed  in  its  combinations  by  definite  laws  of 
chemical  affinity,  the  sulphuretted  and  carburet  ted  hydrogen,  the  nitrogen-  and 
phosphorus-bases,  and  other  vapours  of  putrefaction,  will  all  have  to  be  burnt  up 
before  the  oxidizing  agent  can  touch  the  germs  of  infection ;  whilst  the  continued 
renewal  of  the  gases  of  putrefaction  will  constantly  shield  the  infectious  matter 
from  destruction. 

This  is  the  chief  objection  to  disinfectants  which  act  by  oxidation.  If  we  ar- 
range in  a  series  the  possible  substances  which  may  be  present  in  an  infected 
neighbourhood,  and  gradually  mix  with  them  chlorine  or  a  permanganate,  we  find 
that  these  vapours,  which  have  strong  and  foetid  odours,  and  which  we  will  place 
at  the  commencement  of  the  list,  are  the  first  to  go  ;  whilst  the  actual  virus  of  the 
disease — the  organized  particles  which  have  little  or  no  odour — are  the  last  to  be 
attacked.  It  so  happens  that  the  stinking  gases  of  decomposition  are  of  compara- 
tively little  danger,  whilst  the  deadly  virus-cells  of  infectious  diseases  are  inap- 
preciable to  the  sense  of  smell.  Again,  oxidizing  disinfectants  possess  little  or  no 
permanent  action.  What  they  attack  is  destroyed  perfectly,  but  what  they  leave 
nas  no  special  resistance  to  decomposition  conferred  upon  it.    They  remove  the 

Sroducts  of  decomposition,  but  they  do  not  take  away  the  power  of  subsequent 
ecomposition.  Mere  deodorization  therefore  is  no  protection  whatever. 
Oxidizing  disinfectants  produce  their  effect  by  the  actual  destruction  of  the  in- 
fecting substance.  Antiseptics  act  bv  destroying  it*  activity.  The  former  act  more 
energetically  upon  dead  than  upon  living  organic  matter.  Antiseptics  attack  first 
the  opposite  end  of  the  list,  and  commence  by  destroying  vitality.  They  exert 
little  or  no  action  on  the  foul-smelling  but  comparatively  harmless  gases  of  decom- 
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position,  whilst  they  act  with  intense  energy  on  the  inodorous  germs  of  infection 
which  these  gases  may  carry  into  the  atmosphere  along  with  them. 

H  therefore,  the  matter  which  conveys  infection  from  one  person  to  another  he 
of  the  nature  of  an  organized  germ,  if  its  tremendous  powers  of  destruction  are 
due  to  its  vitality,  then  antiseptics  are  the  only  agents  fitted  to  deal  with  these 
special  cases ;  for  whilst  they  leave  almost  untouched  the  majority  of  simply  odorous 
gases,  they  seek  out  and  destroy  the  one  thing  to  be  feared. 

Now,  of  all  antiseptics,  those  known  as  the  tar  acids,  are  the  moat  powerful ; 
and  of  these,  commercial  carbolic  acid  may  be  regarded  as  the  representative.  The 
powerful  action  which  carbolic  acid  exerts  on  the  phenomena  01  life,  is  the  most 
remarkable  property  which  it  possesses.  It  may  be  looked  upon  as  the  test  proper 
for  distinguishing  vital  from  purely  physical  phenomena ;  and  in  most  cases  its 
action  is  characterized  by  the  certainty  and  definiteness  of  a  chemical  reagent. 
In  the  presence  of  carbolic  acid  the  development  of  embryonic  life  is  wellnigh  im- 
possible ;  and  before  its  powerful  influence  all  minute  forms  of  Awim*!  enrtenoft 
inevitably  perish.  The  vapour  of  carbolic  acid  in  the  atmosphere  exerts  a  specially 
selective  power  on  all  minute  organisms  possessing  life.  If  the  infectious  matter 
of  cholera  is  possessed  of  organic  vitality,  as  is  now  almost  universally  admitted, 
it  will  be  destroyed  beyond  the  possibility  of  revival,  when  brought  in  contact 
with  this  vapour. 

Although  the  properties  of  carbolic  acid  are  so  valuable,  the  error  I  have  already 
alluded  to  must  oe  avoided,  of  considering  it  applicable  to  every  case  where  disin- 
fection is  requred.  Whilst  its  peculiar  properties  render  it  of  wide  applicability,  it 
may  on  many  occasions  advantageously  be  replaced  by  other  disinfectants.  Thus, 
for  purifying  water  for  drinking  or  culinary  purposes/it  is  far  inferior  to  ebullition 
in  the  presence  of  Condy's  fluid,  which  acts  in  this  respect  perfectly.  Again,  the 
liquid  nature  of  carbolic  acid  renders  it  not  so  appropriate  as  McDougall  s  or  Cal- 
vert's powder  for  many  purposes,  an  excess  of  liquid  being  frequently  a  disadvantage 
where  large  quantities  of  solid  offensive  matter  have  to  be  dealt  with,  in  which  case 
either  of  the  powders  above  mentioned  is  more  suitable  than  carbolic  acid. 

Although  much  more  expensive  than  carbolic  acid  for  equal  amounts  of  puri- 
fying work,  chloride  of  lime  also  is  a  more  appropriate  agent  where  mere  deodori- 
zation  is  the  chief  desideratum. 

It  has  been  assumed.  I  think  on  insufficient  grounds,  that  the  mere  addition  of 
permanganate  of  potash  to  drinking-water  will  certainly  destroy  the  cholera  virus. 
The  oxidizing  powers  of  this  agent,  although  very  energetic  on  dead  organic  matter, 
are  successfully  resisted  by  living  organisms.  Animalcules  will  live  without  appa- 
rent inconvenience  for  some  time  in  water  tinted  with  permanganate ;  and,  assuming 
that  the  cholera  poison  possesses  organic  vitality,  we  have  no  guarantee  that  the 
agent  in  question  will  effect  its  destruction.  For  this  reason,  I  should  be  inclined 
to  prefer  boiling  the  water  after  adding  permanganate. 

Let  me  here  state  a  fact  which  ought  to  be  generally  known  in  respect  to  car- 
bolic acid.  For  disinfecting  purposes,  as  ordinarily  applied,  it  is  very  extravagant 
to  use  it  in  the  undiluted  form.  Except  in  special  cases,  the  aqueous  solution  of 
the  acid  should  invariably  be  used.  Water  will  dissolve  about  4  per  cent.;  and  for 
most  purposes  this  solution  is  a  better  disinfectant  than  the  undiluted  acid.  A 
small  insect  which  is  killed  in  a  few  seconds  by  immersion  in  the  4  per  cent 
aqueous!  solution,  will  live  for  a  minute  or  more  when  covered  with  the  undiluted 
acid.  When  the  aqueous  solution  is  added  to  sewage,  the  latter  is  at  once  disin- 
fected ;  but  on  adding  to  a  similar  quantity  of  liquid  far  more  than  the  corre- 
sponding amount  of  undiluted  acid,  this  sinks,  as  a  heavy  oil,  to  the  bottom,  where 
it  remains ;  and  unless  the  mixture  be  well  shaken,  so  as  to  bring  the  oil  in  con- 
tact with  every  portion,  complete  disinfection  will  not  be  effected  for  some  time. 
To  throw  undiluted  carbolic  acid  down  the  drains,  as  is  done  in  many  places  at  the 
present  time,  is  simply  to  throw  money  away. 

Allow  me,  in  conclusion,  to  draw  attention  to  the  great  importance  of  the  scientific 
prosecution,  by  qualified  persons,  of  accurate  experiments  and  observations  in 
reference  to  the  cholera,  similar  to  those  undertaken  in  respect  to  the  Cattle  Plague. 
The  third  report  of  the  Cattle-Plague  Commission  has  given  us  more  insight  into 
that  pestilence  than  we  possess  of  any  human  zymotic  disease;  and  there  is  no 
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reason  why  a  similar  plan  should,  not  he  carried  out  in  this  instance.  The  subject 
is  so  serious,  that  its  treatment  with  regard  to  disinfection  ought  not  to  be  decided 
by  analogies  between  cattle  plague  and  cholera,  which  are  vet  unproved.  In  a 
visitation  of  this  character  it  is  possible  to  try  experiments  of  a  nature  wholly  out 
of  our  power  under  ordinary  circumstances ;  and  thus  it  is  feasible  to  suppose 
that,  from  the  lessons  derived  from  this  pestilence,  we  might  obtain  insight  into  the 
laws  governing  zymotic  diseases. 

Although  foul  sewage  and  putrefying  animal  matter  are  probably  insufficient  to 
generate  the  first  septic  germ  of  a  pestilence,  there  can  be  no  question  that  when 
such  a  plague  does  come  amongst  us,  it  spreads  with  the  greatest  virulence 
wherever  such  putrescent  materials  abound.  It  may  therefore  be  expected,  not 
unreasonably,  that  by  extending  the  sphere  of  an  operation  of  appropriate  disin- 
fectants, we  may  diminish  the  death-rate,  and  materially  augment  the  well-being 
of  the  community.  

On  Ozone.  By  Dr.  Daubeny,  F.R.S. 
Dr.  Daubeny  communicated  a  summary  of  the  observations  and  experiments  he 
had  been  making  with  respect  to  the  presence  of  ozone  in  the  atmosphere,  the 
sources  from  which  it  was  derived,  and  its  uses  in  the  economy  of  nature.  Judging 
from  the  depth  of  coloration  produced  upon  Schonbein's  papers  by  exposure  to 
the  open  air,  as  observed  during  a  period  extending  on  the  whole  to  eight  months, 
he  interred  that  the  quantity  of  ozone  at  Torquay  was  much  greater,  on  the  average, 
during  the  prevalence  of  winds  proceeding"  from  the  sea,  than  at  times  when  they  had 
blown  over  land.  By  the  same  test  he  had  endeavoured  to  ascertain  whether  this 
ozone  was  generated  by  vegetation ;  and  although  he  found  that  light  alone  exerted 
some  influence  in  colouring  the  paper,  in  proportion  to  its  intensity,  was  led  to  infer 
that,  after  deducting  this,  a  certain  residual  effect  was  due  to  the  action  of  the  green 

Sarts  of  plants  in  generating  ozone  during  the  day ;  and  as  ozone  exercises  an  un- 
oubted  power  in  removing  putrid  matter  by  oxidation,  it  seemed  probable  that  the 
vegetable  world  may  be  thus  the  appointed  means  of  destroying  animal  effluvia, 
and  of  thus  restoring  to  the  atmosphere  its  original  purity  when  vitiated  by  the 
emanations  of  living  beings.  

On  the  Refraction-  and  Dispersion-equivalents  of  Chlorine,  Bromine,  and 
Iodine.     By  J.  H.  Gladstone,  F.R.S. 

The  refraction-equivalent  of  a  substance  is  the  product  of  its  atomic  weight  into 
its  specific  refractive  energy,  that  is,  its  refractive  index  minus  one  divided  bv  its 
density.  From  data  previously  published  by  the  author  and  the  Rev.  T.  P.  Dale, 
together  with  Dulong  s  observations  on  gases,  the  following  determinations  of  the 
retraction-equivalents  of  the  halogens  had  been  made. 

Chlorine,  as  a  gas,  or  in  gaseous  combination,  gives  the  number  87 ;  in  the  chlo- 
ride of  phosphorus  it  seems  to  be  0*4 ;  while  in  several  cases  of  its  liquid  com- 
pounds of  carbon  and  hydrogen  it  ranged  from  9*6  to  10. 

Bromine,  as  the  elementary  liquid,  gives  the  number  16*6 ;  its  liquid  compound 
with  phosphorus  indicates  only  14*5,  and  its  compounds  with  carbon  and  hydrogen 
about  15*5. 

Iodine,  as  determined  from  four  liquid  compounds  of  the  iodide-of-methyl  series, 
averages  24*2. 

The  numbers  determined  for  bromine  are  nearly  intermediate  between  those  for 
chlorine  and  iodine. 

The  dispersion-equivalent  of  a  substance  is  the  difference  between  its  refraction- 
equivalents  as  calculated  for  the  two  extreme  lines  of  the  spectrum  A  and  H.  De- 
terminations from  some  of  the  same  compounds  of  the  halogens  with  methyl,  ethyl, 
&c,  save  numbers,  of  which  that  for  bromine  lies  also  between  those  of  the  other 
two,  but  considerably  nearer  to  chlorine  than  to  iodine.  The  following  determina- 
tions are  strictly  comparable : — 

Chlorine.  Bromine.  Iodine. 

Refraction-equivalents 9*8  15-5  24*2 

Dispersion-equivalents 0*5  1*3  2*6 
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On  the  Nature  and  Properties  of  Ozone  and  Aniozom  demonstrated  experi- 
mentally.    By  J.  M.  McGattley. 


On  the  Chemical  Action  of  Medicines.    By  Dr.  H.  Bencb  Jcwes,  F.R.S. 

The  law  of  the  conservation  of  energy  entirely  does  away  with  every  supposition 
that  medicine  can  create  or  annihilate  any  force.  Medicines  may  carry  latent 
energy  into  each  part  of  the  body,  and  they  may  become  active  within  by  increasing 
oxidation,  nutrition,  secretion,  motion,  and  sensation ;  or  by  their  properties  they 
may  put  a  check  upon  these  functions  by  increasing  the  resistance  or  by  altering 
the  conditions  necessary  for  the  conversion  of  latent  energy  into  active  force. 

The  great  functions  of  medicine  are  chemically  to  assist  qualitatively  ox  quanti- 
tatively, first  the  working,  and  secondly,  the  repair  of  the  organs  and  structures  of 
the  body. 

For  clearness,  only  two  of  the  chemical  actions  of  medicines  are  dwelt  on  in  this 
paper,  namely,  their  influence  on  the  two  processes  of  oxidation  and  of  nutrition 
that  continually  take  place  in  each  of  the  textures  of  the  body.  These  processes  are 
affected  by  medicines  in  at  least  two  ways.  First,  directly,  by  the  passage  of  the 
medicines  into  the  different  textures,  where  oxidation  is  promoted  or  retarded,  and 
where  nutrition  is  assisted  or  muscles  prevented  ;  and  secondly,  indirectly,  by  the 
action  of  the  medicines  on  the  nerves  that  regulate  the  circulation,  whereby  the 
flow  of  blood  through  the  vessels  is  increased  or  diminished.    The  motion  equals 

F 
the  force  of  the  heart  divided  by  the  resistance  Mas  jj- 

On  this  view,  the  first  great  division  of  medicines  consists  of  those  which  (A) 
directly  or  (B)  indirectly  promote  oxidation,  or  (C)  directly  or  (D)  indirectly 
retard  it. 
A.  Medicines  that  directly  promote  oxidation, — Iron;  oxygen  and  ozone;  alkalies; 

chlorine,  iodine,  bromine ;  permanganates  P,  iodates,  chlorates  ?,  nitrates  ?,  i 


;  permanganates  r,  iodates,  chlorates  r,  nitrates  ?,  strong 
mineral,  vegetable  and  animal  irritants,  as  large  doses  of  salts  of  antimony,  cop- 

Ser,  zinc,  mercury ;  croton  oil ;  cantharides ;  all  forms  of  motion,  including  heat, 
ght,  and  electricity. 

B.  Medicines  that  indirectly  promote  oxidation  by  increasing  the  circulation. 
Among  the  causes  that  determine  the  force  and  the  frequency  of  the  heart's  con- 
traction are,  (1)  the  action  of  the  nerves,  (2)  of  the  muscle,  and  (3)  the  chemical 
and  mechanical  quality  and  quantity  of  the  blood,  and  its  relative  proportion  to 
the  system  of  vessels  in  whicn  it  is  contained. 

For  stimulating  or  checking  the  centre  of  the  circulation  a  most  highly  complex 
system  of  nerves  exists,  and  a  similar  controlling  power  over  the  arterial  capillaries 
exists  throughout  the  periphery. 

There  are  at  least  tour  different  centres  of  nervous  action  for  the  regulation  of 
the  heart.  1.  A  stimulating  or  musculomotory  centre  in  the  heart  itself;  2.  an 
inhibitory  centre  there  also ;  3.  a  centre  which  acts  through  the  ninth  nair  of  nerve* ; 
and  4  another  with  opposite  action,  which  acts  on  the  heart  through  the  sympa- 
thetic nerve.  Medicines  may  act  chemically  on  any  or  all  of  these  centres,  and 
thereby  stimulate  or  check  the  heart's  action.  Thus,  for  example,  diritaline  acts  on 
the  centre  which  affects  the  heart  through  the  ninth  £air,  for  when  these  nerves  are 
divided  digitaline  has  no  action  on  the  heart. 

The  experiments  of  Claude  Bernard  on  the  sublingual  salivary  gland  show  the 
antagonistic  action  of  the  sympathetic  and  the  chorda  tympani.  Stimulation  of 
the  sympathetic  checks  circulation  through  the  gland;  whilst  stimulation  of  the 
chorda  tympani  increases  the  flow  of  blood,  by  which  secretion  and  oxidation  are 
increased  also. 

C.  Medicines  that  directly  retard  oxidation.  To  this  class  belong  all  the  remedies 
which  were  included  in  the  antiphlogistic  regimen..  Vegetable  salines;  vege- 
table acids ;  mineral  acids ;  substances  which  become  organic  acids  in  the  system, 
as  sugar ;  preparations  of  lead ;  oxide  of  carbon ;  sulphuretted,  arseniated",  anti- 
moniated  hydrogen ;  oxide  of  nitrogen ;  rest  from  all  kinds  and  forms  of  motion, 
mechanical,  thermal,  electrical,  photal. 
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D.  Medicines  that  indirectly  retard  oxidation.  These  may  be  divided  into  (1)  those 
that  act  upon  the  nerves,  as  prosaic  acid,  morphia,  and  many  other  alkaloids ; 
(2)  those*that  act  on  the  muscles,  as  rest,  cold,  salts  of  potass,  lead  salts,  vera- 
trine?  digitaline,  nicotine ;  (3)  those  that  alter  the  Qualitative  and  quantitative 
relationship  of  the  blood  to  the  vessels,  as  local  and  general  bleedings,  starva- 
tion, dilution,  evacuation. 

The  second  great  division  of  medicines  consists  of  those  which  (E)  directly  or 
(F)  indirectly  promote  nutrition,  or  (G)  directly  and  (H)  indirectly  retard  it. 

The  chemical  actions  which  are  concerned  in  the  formation  of  the  multitude  of 
organic  substances  of  which  the  body  is  composed  are  far  more  complicated  than 
those  comparatively  simpler  chemical  actions  on  which  oxidation  depends.  If 
even  now  the  different  steps  and  processes,  the  helps  and  hindrances  which  affect 
the  formation  of  carbonic  acid  ana  water  in  the  body  are  not  yet  determined,  how 
much  less  able  must  we  be  at  present  to  comprehend  the  chemical  actions  which 
take  place  in  the  formation  of  blood-globules,  bones,  muscles,  nerves,  &c. 

Many  of  those  medicines  that  promote  or  retard  oxidation  at  the  same  lime 
promote  or  retard  nutrition.  When  they  are  present  in  excess,  they  render  the 
formation  of  different  substances  more  rapid ;  ana  when  absent,  the  chemical  actions 
necessary  for  the  formation  of  these  substances  are  retarded  or  altogether  stopped. 

E.  Medicines  that  directly  promote  nutrition.  Iron  helps  to  form  blood-globules ; 
phosphate  and  carbonate  of  lime  help  to  form  bone ;  cod-liver  oil  and  otner  fatty 
matters  help  to  form  adipose  tissue.  Gelatine  perhaps  helps  to  form  cellular 
tissue }  ana  phosphorus,  still  more  doubtfully,  promotes  the  formation  of  nervous 
tissue. 

F.  Medicines  that  indirectly  promote  nutrition  (1)  by  increasing  the  action  of  the 
heart,  (2)  by  lessening  the  resistance  in  the  capillaries. — Alcohol,  ether,  chloro- 
form, nitrous  oxide,  chloride  of  methyl,  defiant  gas  increase  the  action  of  the 
heart  by  acting  on  the  nerves.  Ammonia  almost  immediately  deprives  motor 
nerves  of  their  power  of  exciting  motion,  while  it  intensely  irritates  the  mus- 
cular structures.  Of  medicines  that  cause  the  capillaries  to  dilate  curare  is  the 
most  remarkable. 

G.  Medicines  that  directly  retard  nutrition,  either  (1)  by  themselves  entering  into 
combination  with  the  organic  substances  of  which  the  textures  are  composed,  by 
which  combination  the  chemical  changes  that  would  otherwise  occur  are  stopped, 
or  (2)  by  the  accumulation  in  the  textures  of  any  of  the  substances  resulting 
from  the  chemical  changes  in  the  textures. 

Lead,  zinc,  silver,  copper,  arsenic,  antimony,  and  in  some  rare  eases  mercury,  act 
in  small  doses  in  the  first  way.  Among  the  substances  which  act  in  the  second 
way  must  be  included  all  the  different  products  from  each  texture  in  their  down- 
ward course  to  carbonate  of  ammonia,  water,  and  salts.  Among  these  substances 
carbonic  acid  and  carbonic  oxide ;  organic  acids  from  oxalic  acid  upwards ;  sugar ; 
fat ;  nitrogenous  substances  from  carbonate  of  ammonia,  urea,  kreatine,  indigo  ; 
animal  qumoidine,  to  the  first  products  formed  from  the  albuminous  substances. 
II.  Medicines  that  indirectly  retard  nutrition  by  lessening  the  action  of  the  heart 

and  increasing  the  resistance  in  the  capillaries,  by  which  actions  the  flow  of 

blood  through  the  textures  is  lessened. 

Four  different  actions  may  be  distinguished,  by  any  of  which  nutrition  may  be 
lessened : — 1.  By  an  action  on  the  nerves  of  the  heart,  as  by  strychnia,  nicotine, 
conicine,  digitahne  j  2.  by  an  action  on  the  muscular  structure  of  the  heart,  as  by 
veratrine,  colchicine,  salts  of  potass ;  3.  by  contraction  of  the  capillaries  in  conse- 
quence of  an  action  upon  the  sympathetic  nerve,  as  by  morphine ;  4.  by  the  reduc- 
tion, quantitatively  or  qualitatively,  of  the  state  of  the  Wood,  as  by  bleeding, 
starvation^  excessive  dilution,  lead  salts,  mineral  and  organic  acids. 

The  actions  of  oxidation  and  nutrition  are  mutually  dependent  everywhere,  and 
no  separation  of  these  two  actions  in  any  part  of  the  body  actually  takes  place, 
although,  for  clearness,  I  have  considered  them  separately.  The  progress  of  all 
accurate  knowledge  of  the  actions  of  medicines  depends  on  exact  chemical  and 
physical  experiments ;  and  by  the  perfection  of  these  alone  will  the  practice  of 
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medicine  lose  its  doubts  and  difficulties,  its  disagreements  and  deceptions,  and 
become  esteemed  by  all  as  the  art  that  can  confer  the  highest  benefit  upon  man- 
kind. • 

On  a  Magnesium  Lamp.  By  H.  Labjox. 
The  distinguishing  peculiarity  of  this  lamp  is  that  .it  burns  magnesium  in  the 
form  of  powder,  instead  of  riband  or  wire,  and  does  not  depend  on  clockwork  or  any 
similar  extraneous  motive  power  for  its  action.  The  stream  of  the  metal  powder  is 
mixed  with  a  small  portion  of  gas  and  fine  sand  in  its  progress  through  the  tube ; 
they  escape  together  at  its  mouth,  where  they  are  ignited  and  continue  burning 
witn  a  brilliant  flame.  

On  the  Accumtdation  of  the  Nitrogen  of  Manure  in  the  Soih 
By  J.  B.  Lawes,  F.R.S.,  F.C.S^andJ.  H.  Gilbebt,  Ph.D.y  F.£LS.fF.C£. 

The  authors  had  been  engaged  for  many  years  in  an  investigation  in  the  course 
of  which  they  had  grown  wheat  year  after  year  on  the  same  land  for  more  than 
twenty  years ;  on  gome  portions  without  any  manure,  and  on  others  with  farm- 
yard manure,  or  with  various  descriptions  of  manure.  They  had  published  the 
results  obtained  in  the  field  during  the  first  twenty  years  of  the  experiments  *,  and 
they  had  been  for  some  time,  and  were  still  engaged  in  investigating  the  composi- 
tion of  the  produce  grown  under  the  different  conditions,  and  also  the  compara- 
tive composition  of  the  soils  of  the  different  plots  as  affected  by  the  various  treat- 
ment. 

The  point  to  which  they  chiefly  confined  attention  on  the  present  occasion  was 
the  accumulation,  and  the"  loss,  of  the  nitrogen  which  had  been  supplied  in  the 
manure  and  not  recovered  in  the  increase  of  crop.  After  discussing  the  difficul- 
ties of  sampling,  preparing  for  analysis,  and  analyzing  soils  in  such  manner  as  to 
yield  results  applicable  to  the  purposes  of  their  inquiry,  and  describing  the 
methods  they  had  adopted,  they  called  attention  to  some  of  the  results  obtained, 
summaries  of  which  were  brought  to  view  in  Tables  hung  up  in  the  room.  Tne 
percentage,  and  calculated  acreage,  amounts  of  nitrogen  existing  in  such  condi- 
tion as  to  be  determinable  by  burning"  with  soda-lime  were  given  for  the  soil  of 
the  first,  of  the  second,  and  of  the  third  nine  inches,  of  eleven  differently-manured 
plots,  showing  the  amounts,  therefore,  to  the  depth  of  27  inches  in  all. 

The  accumulation  of  nitrogen  from  the  residue  of  manuring  was  found  to  be, 
in  some  cases,  very  considerable ;  but  even  with  equal  amounts  supplied,  it 
varied,  both  in  total  amount  and  in  distribution,  according  to  circumstances ;  the 
depth  to  which  the  unused  supply  had  penetrated  being  apparently  influenced  by 
the  character  and  amount  of  tne  associated  manurial  constituents.  The  general 
result  was,  that,  although  a  considerable  amount  of  the  nitrogen  supplied  in 
manure  which  had  not  been  recovered  as  increase  of  crop  was  shown  to  remain 
in  the  soil,  still  a  larger  amount  was  as  yet  unaccounted  for.  Initiative  results 
indicated  that  some  existed  as  nitric  acid  in  the  soil,  but  it  was  believed  that  the 
amount  so  existing  would  prove  to  be  but  small.  In  fact,  it  was  concluded  that  a 
considerably  larger  proportion  would  remain  entirely  unaccounted  for  within  the 
soil  to  the  depth  under  examination  than  was  there  traceable,  and  the  probability 
was,  that  at  any  rate  some-  of  this  had  passed  off  into  the  drains,  and  some  into 
the  lower  strata  of  the  soil.  Finally,  it  was  shown,  by  reference  to  field  results, 
that  there  was  not  more  than  one  or  two  bushels  of  increase  in  the  wheat  crop  per 
acre  per  annum,  due  to  the  large  accumulated  residue  of  nitrogen  in  the  soil,  not- 
withstanding its  amount  was  many  times  greater  than  that  which  would  yield  an 
increase  of  twenty  bushels  or  more,  if  applied  afresh  to  soil  otherwise  in  the  Fame 
condition.  On  the  other  hand,  it  was  shown  that  the  effect  of  an  accumulated 
residue  of  certain  mineral-  constituents  was  not- only  very  considerable  in  degree, 
but  very  lasting. 

*  "  Report  of  Experiments  on  the  Growth  of  Wheat  for  Twenty  Years  in  succession  en 
the  same  Land,"  Journ.  Boy.  Ag.  Soc.  Eng.  vol  xxv.  pts.  1  &.  2. 
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On  the  Sources  of  the  Fat  of  the  Animal  Body.  By  J.  B.  Lawbs,  F.R.S., 
F.C.S.,  and  J.  H.  Gilbekt,  Ph.D.,  F.R.S.,  F.C.S.* 

In  1842,  Baron  Liebig  had  concluded  that  the  fat  of  Herbivora  must  be  derived 
in  great  part  from  the  carbo-hydrates  of  their  food,  but  that  it  might  also  be  pro- 
duced from  nitrogenous  compounds.  MM.  Dumas  and  Boussinffault  at  first  called 
in  question  this  view;  but  subsequently  the  experiments  of  Dumas  and  Milne- 
Edwards  with  bees,  of  Persoz  with  reese,  of  Boussingault  with  pigs  and  ducks,  and 
of  the  authors  with  pigs,  had  been  held  to  be  quite  confirmatory  of  Liebig's  view; 
at  any  rate  so  far  as  the  formation  of  fat  from  the  carbo-hydrates  was  concerned. 
In  1864,  however,  at  the  Bath  Meeting  of  the  British  Association,  Dr.  Hayden,  of 
Dublin,  read  a  paper  before  the  Physiological  Section,  in  which,  basing  his  conclu- 
sions upon  certain  physiological  considerations  of  a  purely  qualitative  kind,  he  ex- 
pressed doubt  on  the  point.  In  August  1865,  again,  at  a  meeting  of  the  Congress  of 
Agricultural  Chemists,  held  at  Munich,  Professor  Voit,  from  the  results  of  experi- 
ments with  dogs  fed  on  flesh,  maintained  that  fat  must  have  been  produced  from 
the  nitrogenous  constituents  of  the  food,  and  that  these  were  probably  the  chief,  if 
not  the  only  source,  of  the  fat  even  of  Herbivora.  In  the  course  of  the  discussion 
which  followed,  Baron  Liebig  disputed  this  conclusion  ;  and  his  son,  Hermann  von 
Liebig,  has  since  written  a  "paper  on  the  subject,  in  which,  illustrating  his  views  by 
reference  to  experiments  with  cows,  he  admits  the  probability  that  fat  may  be 
formed  from  nitrogenous  substance,  but  nevertheless  concludes  that  this  is  neither 
the  only  nor  .even  the  chief  source  of  fat,  in  the  ordinary  feeding  of  Herbivora. 

The  authors  agreed  with  the  conclusions  of  these  latter  authorities.  The  data 
cited  by  Hermann  von  Liebig  did  not,  however,  afford  conclusive  evidence  on  the 
point ;  and  they  considered  that  the  results  of  experiments  with  cows  were,  in 
several  respects,  less  appropriate  for  the  purposes  of  the  inquiry  than  those  with  some 
other  animals.  They  snowed,  illustrating  the  various  points  by  reference  to  expe- 
riments of  their  own,  that,  compared  with  either  cows,  oxen,  or  sheep,  the  pig  had 
a  much  less  proportion  of  alimentary  organs  and  contents,  consumed  food  of  a  much 
higher  character,  produced  a  much  larger  amount  of  fat  both  in  relation  to  a  given 
weight  of  animal  within  a  given  time  and  to  the  amount  of  food  consumed,  voided 
a  much  less  proportion  of  the  solid  matter  of  its  food  in  its  solid  and  liquid  excre- 
tions, and,  finally,  its  increase  contained  a  larger  proportion  of  fat  For  these  rea- 
sons results  obtained  with  pigs  must  be  much  more  conclusive  as  to  the  sources  in 
the  food  of  the  fat  which  they  yield  than  those  with  either  cows,  oxen,  or  sheep. 

Tables  were  exhibited  showing  the  results  which  had  been  obtained  by  the  authors 
in  numerous  experiments  with  pigs ;  and  from  these  the  following  main  conclusions 
were  drawn : — 

1.  That  certainly  a  large  proportion  of  the  fat  of  the  Herbivora  fattened  for  human 
food  must  be  derived  from  other  substances  than  fatty  matter  in  the  food. 

2.  That  when  fattening  animals  are  fed  upon  their  most  appropriate  food,  much 
of  their  stored-up  fat  must  be  produced  from  the  carbo-hydrates  it  supplies. 

3.  That  nitrogenous  substance  may  also  serve  as  a  source  of  fat,  more  especially 
when  it  is  in  excess,  and  the  supply  of  available  non-nitrogenous  constituents  is 
relatively  defective.  

On  the  Poisonous  Nature  of  Crude  Paraffin  Oil,  and  the  Products  of  its  Recti- 
fication xtpon  Fish.  By  Stevbnsox  Macadam,  Ph.D.,  F.R.S.E.,  F.C.S., 
Lecturer  on  Chemistry,  burgeons'  Hall,  Edinburgh. 

The  great  extension  of  paraffin  oil-works,  both  crude  and  refined,  during  the  last 
few  years,  has  led  to  attention  being  directed  to  the  nature  of  the  discharges  which 
emanate  from  such,  more  especially  to  those  matters  which  find  their  way  into 
rivers  which  form  the  natural  drainage  of  the  district  The  deleterious  nature  of 
these  discharges  has  manifested  itself  already  in  the  total  destruction  of  all  fish  in 
more  than  one  of  our  Scottish  streams,  and  to  the  impregnation  of  the  water  with 
paraffin  oil,  and  the  products  of  its  rectification,  to  such  an  extent  as  to  impart  the 
characteristic  taste  and  odour  of  paraffin  to  the  water,  and  render  it  unsuitable  for 
domestic  purposes. 

*  For  fuller  report,  see  the  Philosophical  Magazine  for  December  1866. 
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the  inquiry  I  purpose  to  lay  before  the  Section. 
The  discharges  from  the  paraffin  oil- works  are  of  the  following  nature : — 

1.  Crude  petroleum  and  shale-oil  escaping  from  the  crude  oil-casks,  either  when 
full  or  when  empty,  when  the  drainings  leak  away  into  the  surrounding  soil  and 
thence  to  the  drains. 

2.  The  condensing  water  from  the  worms  of  the  crude  and  refining  stills,  which 
often  passes  away  impregnated  with  paraffin  oil. 

8.  The  spent  acid  liquor  which  has  been  used  in  acting  upon  the  crude  petroleum 
or  shale-oil. 

4.  The  spent  alkaline  liquid  or  soda  which  has  been  employed  in  acting  npon 
the  oil  which  has  been  previously  treated  with  acid. 

Besides  these  there  is  the  accidental  overflow  of  the  retorts,  both  during  the  first 
redistillation  of  the  crude  oil,  and  subsequently  in  the  distillation  of  the  refined  oil, 
and  which  can  hardly  be  altogether  provided  against. 

The  drainings  from  the  oil-casks,  when  the  latter  have  been  emptied  and  are  ex- 
posed to  the  sun,  are  considerable  when  a  number  of  casks  are  stored  together,  and 
the  oil  which  percolates  through  the  soil  is  liable  not  only  to  ooze  through  the 
ground,  but  when  rain  falls,  the  oil  floats  thereupon,  and  is  thus  carried  into  the 
ordinary  drains.  Any  material  damage  to  rivers,  nowever,  from  this  cause  may  be 
lessened  by  providing  proper  surface  drains,  which  carry  all  the  oil  v  water  to  trajjs 
where  it  settles,  and  the  oil  may  be  removed  from  the  surface  whilst  the  water  is 
run  off  underneath.  The  condensing  water  from  the  stills  is  liable  to  be  impregnated 
with  paraffin  oil  from  the  leakage  of  the  pipes,  which  is  greater  when  the  pipes  are 
of  cast  iron  than  when  they  are  constructed  of  malleable  iron.  Of  course  any  ex- 
cessive leakage  is  quickly  arrested,  but  there  is  generally  that  taint  communicated 
to  the  water  which,  independent  of  the  lesser  proportion  of  oxygen  dissolved  in  the 
water  as  compared  with  ordinary  river^ water,  renders  the  water  more  or  lea  dele- 
terious to  the  health  offish. 

The  spent  acid  liquor  and  the  spent  soda-liquor,  however,  are  the  most  serious 
discharges  which,  eitner  regularly  or  occasionally,  escape  from  paraffin  oil-works,  and 
their  influence  upon  the  health  and  life  of  fish  are  much  more  decided  than  the 
paraffin  oil  itself. 

The  spent  acid  liquor  consists  of  the  sulphuric  acid  which  has  been  added  to  the 
crude  oil,  accompanied  by  tar  products,  including  nicoline  and  other  la?ic  oils,  and  to 
which  the  acid  liquor  no  doubt  owes  part  of  its  poisonous  properties.  Whilst  now 
the  material  in  question  is  to  some  extent  utilized  by  separating  the  tar,  and  either 
mixing  it  with  spent  oak  bark,  or  sawdust,  and  using  it  as  a  fuel,  or  by  distilling  it 
into  pitch,  yet  occasionally  the  acid  liquor  is  discharged  into  a  neighbouring  stream. 
It  is  a  black  tarry  liquid  of  the  consistence  of  molasses,  with  a  somewhat  sulphureous 
odour,  and  a  very  small  quantity  added  to  water  confers  poisonous  properties  npon 
the  latter. 

In  one  example  I  found  the  spent  acid  liquor,  which  was  collected  somewhat 
diluted  with  water,  to  possess  the  following  powerful  effects  upon  fish : — 

1.  When  the  liquor  was  taken  by  itself  and  fish  immersed  therein,  they  were  dead 
in  five  minutes. 

2.  When  the  liquor  was  diluted  with  three  times  its  volume  of  good  stream  water 
and  fish  introduced  into  the  mixture,  they  were  killed  in  ten  minutes, 

3.  With  one  of  the  liquor  and  twenty  of  water,  the  fish  died  in  fifteen  minutes. 
4  One  of  the  liquor  and  100  of  water,  killed  the  fish  in  fifteen  to  twenty 

minutes. 

5.  One  of  the  liquor  and  1000  of  water  was  poisonous  to  the  fish  in  two  hours, 
whilst 

6.  In  one  of  the  liquor  to  10,000  of  water,  the  fish  were  not  killed  by  their 
immersion  in  the  mixed  liquor  for  twenty-four  hours,  but  were  apparently  sick 
and  prostrate. 

The  spent  soda-liquor  which  has  been  employed  in  treating  the  oil  which  had 
been  previously  acted,  upon  by  acid  is  necessarily  decidedly  alkaline  and  caustic  in 
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its  nature.  It  has  extracted  from  the  oil  and  retains  in  solution  more  or  less  car- 
bolic acid  and  its  homologies,  and  the  poisonous  nature  of  the  spent  soda-liquor  is 
doubtless  materially  augmented  by  the  presence  of  these  acids. 

One  sample  of  this  soda-liquor  whicn  was  flowing  from  a  paraffin  oil-work,  and 
which  contained  extra  water,  proved  destructive  to  fish  in  ten  minutes  j  diluted 
with  three  parte  of  water,  it  killed  fish  in  twenty  minutes ;  with  twenty  of  water, 
the  fish  were  dead  in  twenty-five  minutes ;  with  100  of  water,  the  fish  were  killed 
in  thirty  minutes ;  diluted  with  1000  of  water,  the  soda-water  was  destructive  to  fish 
in  twenty  hours ;  whilst  in  10,000  of  water  the  fish  were  not  killed  but  were  appa- 
rently slightly  sick.  Experiments  were  made  with  crude  shale-oil  and  the  refined 
oils  obtained  therefrom,  and  with  crude  Pennsylvanian  petroleum,  and  the  refined 
oils  extracted  from  it.  The  crude  shale-oil  was  destructive  to  fish  when  taken  in 
the  proportion  of  1  of  the  oil  to  1000  of  water — the  crude  oil  being  more  ener- 
getic in  its  action  than  any  of  the  others,  then  in  succession  the  lubricating  oil, 
the  burning  oil,  and  the  lighter  spirit. 

The  Pennsylvanian  petroleum  was  not  so  powerful  in  its  poisonous  properties  as 
the  shale-oil  employed  in  the  experiments.  The  crude  shale-oil,  in  the  proportion 
of  1  to  1000  or  water,  was  poisonous  to  fish  in  twelve  hours ;  whilst  the  crude 
Pennsylvanian  oil  in  the  same  proportion  did  not  kill  the  fish  for  twenty-four  hours. 
The  refined  oils  acted  in  a  corresponding  manner  on  fish*  Thus  the  refined  shale- 
oil,  in  the  proportion  of  1  to  1000  of  water,  killed  the  fish  in  twenty-four  hours ; 
whilst  the  refined  Pennsylvanian  oil  did  not  prove  destructive  for  two  days. 

The  importance  of  this  subject  will  probably  soon  be  greater  than  what  it  is  at 
present,  as  the  manufacture  of  crude  paraffin  oil  in  conjunction  with  gas  has 
already  been  introduced  into  one  of  our  gas-works  in  Scotland. 

The  coal  used  is  the  Newbattle  gas  or  Oannel  coal,  which  yields  when  distilled 
in  ordinary  gas-retorts,  at  a  bright  cherry-red  heat,  about  11,000  cubic  feet  of  gas, 
with  an  illuminating  or  photogenic  power  of  thirty-four  standard  sperm  candles  for 
every  five  cubic  feet  of  tne  gas  burned  during  every  hour.  When  distilled,  how- 
ever, at  a  low  or  black-red  heat  in  larger  retorts,  as  carried  on  in  ordinary  paraffin 
oil-works,  the  coal  yields  only  3000  to  3500  cubic  feet  of  illuminating  gas,  with  the 
photogenic  power  of  thirty  candles  for  every  five  cubic  feet  burned  during  the  hour, 
so  that  two-thirds  of  the  total  quantity  of  gas  capable  of  being  yielded  by  the  coal 
is  sacrificed ;  but  in  place  thereof  there  are  obtained  about  60  gallons  of  crude 
paraffin  oil  with  a  specific  gravity  of  900  to  905.  The  g .ivworks  in  question  are 
virtually  crude  paraffin  oil-works  in  which  the  gas  is  utilized ;  and  as  the  change  in 
the  mode  of  working  the  coal  appears  to  be  profitable,  there  is  every  reason  to 
consider  it  likely  that  other  gas-works  will  follow  the  example,  and  become 
virtually  crude,  paraffin  oil-works  with  refineries  attached  thereto. 

On  an  Extraordinary  Iron  Stone,  By  Dr.  T.  L.  Phipson,  F.C.S.  $c. 
The  author  alludes  in  this  paper  to  a  journey  which  he  made  during  the  year 
1865  in  the  principality  of  Waldeck  (Germany),  and  gives  an  account  of  th$ 
mining  district  which  he  visited  there.  About  twelve  English  miles  from  the 
mineral  springs  of  Wildungen,  in  the  region  where  the  schists  are  upheaved  by 
greenstone,  containing  lodes  of  copper  ore,  lead  ore,  and  barytine,  with  some  zinc 
blende,  he  met  with  a  very  remarkable  ironstone  which  is  distinct  from  the  fine 
red  hematite  that  abounds  in  these  districts,  by  the  presence  of  a  considerable 
amount  of  magnetic  oxide  of  iron,  some  specimens  yielding  as  much  as  23  percent, 
and  when  smelted  give  about  59  per  cent,  of  iron  or  exceedingly  fine  quality.  This 
mineral  occurs  in  a  quartz  lode,  is  crystallized  in  the  rhombic  system,  and  as  brilliant 
as  steel.  It  gives  a  dark  purple  powder.  The  red  hematites  of  the  same  district  all 
contain  a  little  magnetic  oxide,  varying  from  2  to  4  per  cent,  and  even  more. 

On  the  Origin  of  Muscular  Foree  in  Animals. 

By  Dr.  Lios  Playtaib,  C.B.,  LL.D.,  F.R.S.L.  &  E. 

The  author  reviewed  the  recent  experiments  of  Fick  and  Wislicenus  on  this 

subject.     These  physiologists  ascended  the  Faulhorn,  after  having  subsisted  for 

thirty-ana  hour*  on  cake  made  of  starch  fried  in  fat,  and  they  found  that  they 
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ascended  the  height  of  2000  metres,  with  an  evacuation  of  area  which,  converted 
into  muscular  substance,  did  not  represent  more  than  half  the  actual  energy  ex- 
pended in  the  ascent.  The  author  pointed  out  as  the  main  objections  to  this 
experiment  (1)  that  the  period  of  production  of  urea  is  not  necessarily  the  period 
of  its  elimination ;  (2)  that  when  starch  and  fat  are  used  as  food  alone,  the  nitro- 
gen of  the  alvine  dejections,  usually  only  one-twelfth  that  in  the  urinary  secre- 
tions, augments  so  much  as  sometimes  to  he  equal  in  amount  to  the  latter.  With 
respect  to  the  first  objection,  £.  Smith  has  shown  that  lowering  of  the  barometer 
ana  thermometer  retards  the  evacuation  of  urea,  and  these  conditions  were  obvi- 
ously present  at  the  top  of  a  high  mountain.  The  amount  of  urea  passed  for 
twelve  hours  before  the  ascent  was  46  grammes ;  but  it  was  only  38  grammes  in 
the  six  hours  of  the  ascent  and  six  hours  after  it ;  while  it  fell  to  82  grammes  in 
the  subsequent  twelve  hours,  although  a  hearty  meal  had  been  taken.  The  result 
was  not  easily  explicable  on  Liebig's  views,  that  muscular  force  is  produced  by 
muscular  waste ;  but  it  was  equally  difficult  to  explain  on  the  view  that  the  urea 
is  the  mere  representation  of  the  waste  of  muscle  due  to  the  friction  of  the 
machine,  whose  natural  fuel  is  non-nitrogenous  [food ;  for  the  experiments  show 
that  when  the  friction  of  the  machine  was  largely  increased  by  the  work  per- 
formed, the  amount  of  urea  actually  diminished,  instead  of  increasing  proportion- 
ally to  the  work. 

The  author  then  entered  largely  into  the  proofs  offered  by  experience  in  feeding 
man  and  animals,  that  albuminous  diet  must  be  offered  in  proportion  to  the  work 
demanded.  He  showed  that  there  was  sufficient  potential  energy  present  in  the 
ordinary  supply  of  albumen  to  men  to  account  for  the  work. performed.  But  he 
did  not  deny  that  non-nitrogenous  diet  might,  in  the  absence  of  such  albuminous 
supply,  be  temporarily  used  for  the  production  of  muscular  force.  Such  vicarious 
action  is  common  in  the  body.  But  this  admission  did  not  interfere  with  the  view 
that  the  normal  food  and  fuel  of  muscles  consists  of  albuminous  bodies,  which 
must  constantly  be  supplied  to  produce  sustained  effort,  and  to  prevent  corporeal 
deterioration.  

On  a  New  Process  in  the  Manufacture  of  White  Lead.    By  Petkb  Spekcb. 

On  some  Phenomena  connected  with  the  Melting  and  Solidifying  of  Wax. 
By  C.  Tomlinsow,  F.C.S. 

When  melted  bees- wax  containing  a  small  portion  of  a  very  fine  powder,  such 
as  that  of  plumbago,  is  poured  into  a  shallow  tinned-iron  tray  and  allowed  to  cool, 
the  wax  breaks  up  into  a  number  of  hexagonal  figures  more  or  less  regular,  the 
boundaries  being  marked  by  the  plumbago.  The  lines  of  the  hexagons  are  formed 
by  the  mutual  pressure  of  rings  of  plumbago  powder  thrown  off  from  cylindrical  or 
polygonal  centres  of  the  wax  in  cooling.  Even  in  deep  vessels  of  melted  stearine 
or  grease,  containing  particles  capable  of  floating  about  in  it,  and  of  being  carried  to 
and  fro  by  currents,  an  irregular  network  is  formed  by  the  particles  arranging 
themselves  on  the  surface  in  lines.  There  appears  to  be  on  the  surface  a  movement 
of  the  grease  from  the  centre  to  the  sides  of  each  of  these  polygonal  figures.  The 
figure  varies  with  the  material,  and  may  be  shown  during  the  cooling.  It  may  be 
seen  on  castor-oil  and  other  fatty  bodies ;  but  not  on  spermaceti  or  crystalline  fatty 
bodies.  The  figures  are  produced  by  a  kind  of  local  convection ;  that  is,  connec- 
tive currents  rise  and  sink  in  various  parts  of  the  mass,  so'  that  from  many  points 
at  the  bottom  of  the  vessel  rising  currents  are  set  up,  and  as  the  surface  of  the  oil 
cools  by  exposure  to  the  air,  these  cooler  portions  sink  from  various  points  of  the 
surface,  so  that,  instead  of  one  central  rising  current,  and  one  circumferential 
sinking  current  as  in  ordinary  cooling,  many  small  rising  and  sinking  currents  are 
established.  Hence  the  surface  becomes  divided  into  many  spaces,  in  the  centre  of 
each  of  which  a  current  of  warm  oil  is  rising  and  around  the  circumference  of 
which  the  cooler  oil  is  sinking.  Each  of  these  systems  tends  to  form  a  cylinder, 
with  a  rising  central  and  a  sinking  circumferential  current,  and  the  contact  of  the 
boundaries  of  such  cylinders  produces  a  series  of  polygon-shaped  systems.  If  the 
surface  be  very  still,  and  there  be  no  tendency  in  the  oil  to  crystalUie  as  it  cools, 
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nearly  perfect  hexagons  are  formed,  and  as  the  circumference  of  each  hexagonal 
system  is  cooler  than  its  centre,  the  floating  particles  are  first  arrested  at  the 
circumferences!  and  gradually  accumulate  there,  giving  an  hexagonal  appearance  to 
the  surfaee  as  the  mass  cools.  In  a  crystalline  material  the  tendency  to  assume  its 
peculiar  crystal  would  probably  overcome  these  currents  before  the  mass  became 
cooL 

The  second  part  of  the  paper  referred  to  the  passage  of  an  electric  spark  through 
melted  wax,  &c.  The  early  electricians  remarked  that  a  non-conductor,  when  melted, 
became  a  conductor.  Faraday  found  that  when  such  substances  were  fused  and 
tested  by  their  power  to  transmit  a  voltaic  current,  in  no  case  did  the  current  pass, 
unless  accompanied  by  polarization  ofparticles  and  decomposition.  Hie  same  seems 
to  be  true  for  frictions!  electricity.  The  substance  to  be  tried  was  contained  in  a 
glass  bulb  about  2  inches  across  in  the  widest  part,  and  about  3}  inches  high, 
fitted  with  corks  through  which  pointed  brass  wires  were  passed,  or  one  pointed 
and  one  knobbed.  On  hanging  such  a  bulb  by  its  wire  to  the  prime  conductor  of 
an  electrical  machine,  connecting  the  lower  wire  with  the  earth,  and  setting  the 
machine  in  action,  a  most  vivid  spark  plays  between  the  wires,  striking  out,  as  it 
were,  from  an  anvil  a  multitude  of  smaller  sparks,  and  lighting  up  the  whole  of 
the  bulb  and  liquid  in  a  remarkable  manner.  The  smaller  sparks,  which  apparently 
fill  the  bulb,  are  globules  of  gas,  arising  from  the  decomposition  of  a  portion  of  the 
liquid,  and  illuminated  by  the  principal  discharge.  When  the  point  and  bulb  are 
far  apart,  the  discharge  is  in  the  form  of  a  brilliant  rippled  line  oflight,  also  accom- 
panied by  decomposition'of  the  dielectric.  The  effects  vary  with  different  sub- 
stances, and  also  change  with  the  cooling  of  each  substance.  Spermaceti,  cocoa-nut 
oil.  lard,  and  solid  paraffin  are  well  adapted  to  these  experiments,  and  also  such 
fluids  as  castor-oil,  balsam  of  copaibce,  paraffin  oil,  turpentine,  and  benzole.  It  was 
not  found  possible  to  pass  a  spark  through  melted  camphor.  By  holding  a  bulb 
containing  the  solid  over  a  spirit-lamp,  the  solid  may  be  melted  in  a  few  minutes. 
The  phenomena  form  good  class  experiments. 

On  a  Phosphatic  Deposit  in  the  Lower  Green  Sand  of  Bedfordshire. 
By  J.  F.  Walkjsb. 

On  a  Proposed  Use  of  Fluorine  in  the  Manufacture  of  Soda. 
By  Walteb  Weldo*. 
When  sulphate  of  sodium  is  treated  with  hydrofluoric  acid,  one  half  of  the 
sulphate  is  converted  into  bisulphate  and  the  other  half  is  transformed  into  fluoride. 
Upon  this  fact  of  the  reaction  between  sulphate  of  sodium  and  hydrofluoric  acid 
yielding,  without  any  destruction  of  sulphuric  acid,  a  compound  almost  as  readily 
caustifiable  as  carbonate  of  sodium  itself,  the  author  believed  that  it  would  prove 
practicable  to  base  a  manufacturing  process  by  means  of  which  soda  should  be  pro- 
duced, not  only,  if  not  exactly  without  the  use,  at  any  rate  without  any  consump- 
tion of  sulphuric  acid,  but  actually  without  the  consumption  of  any  materials 
whatever  excepting  salt  and  coal,  afl  the  reagents  employed  being  recovered  for 
use  over  and  over  again  continually.    One  method  by  which  this  object  could  be 
accomplished  was  described  as  follows.    It  comprises  four  operations,  the  first  of 
which  consists  in  the  production  of  sulphate  of  sodium  by  double  decomposition 
between  chloride  of  sodium  and  sulphate  of  magnesium,  having  associated  with  it 
at  least  one  atom  of  water,  the  products  of  this  reaction  being,  besides  sulphate  of 
sodium,  hydrochloric  acid  and  magnesia.    The  second  operation  consists  in  treating 
two  equivalents  of  sulphate  of  sodium  with  one  equivalent  of  hydrofluoric  acid, 
whereby  one  equivalent  of  fluoride  of  sodium,  which  for  the  most  part  precipi- 
tates, and  one  equivalent  of  bisulphate  of  sodium,  which  remains  in  solution,  are 
formed.    The  third  operation  consists  in  the  decomposition  of  the  fluoride  of  sodium 
obtained  in  the  second  operation  by  means  of  the  magnesia  obtained  as  one  of  the 
results  of  the  first  operation,  the  products  being  caustic  soda  and  fluoride  of  mag- 
nesium j  and  the  fourth  operation  consists  in  the  decomposition  of  this  fluoride  ot 
magnesium  by  means  either  of  the  bisulphate  of  sodium  obtained  in  the  second 
operation,  or  of  its  second  equivalent  of  sulphuric  acid,  separated  in  any  conve- 


46  sbpoet — 1866. 

nient  way,  with  production  of  sulphate  of  magnesium,  with  which  to  repeal  the 
first  operation,  and  hydrofluoric  acid,  with  which  to  repeat  the  second  operation. 
All  the  reagents  employed  for  the  transformation  of  salt  into  soda  by  this  method 
are  thus  continually  reproduced,  the  only  materials  consumed  being  the  salt  and  a 
small  quantity  of  fuel.  The  author  also  described  some  briefer  methods  than  the 
above  of  transforming  salt  into  soda  by  way  of  the  intermediate  production  of 
fluoride  of  sodium. 
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Address  by  Professor  A.  C.  Ramsay,  LL.D.,  FJLS.,  fc,  President  of  the 

Section*. 

Since  I  last  had  the  honour  of  acting  as  President  of  the  Geological  Section  a 
custom  has  crept  in  of  opening  the  meetings  of  the  various  Sections  with  presiden- 
tial addresses.  I  have,  however,  been  called  upon  unexpectedly,  and  rather  late  in 
the  day,  to  occupy  this  chair,  while  I  was  busy  with  a  multitude  of  other  avoca- 
tions, and  I  have  not  had  the  time  to  prepare  an  address ;  nevertheless  I  shall 
endeavour  to  the  best  of  my  ability  to  say  a  few  words  upon  the  state  of  opinion 
upon  various  subjects  connected  with  physical  geology,  so  as,  possibly,  to  prepare 
in  some  degree  the  minds  of  persons,  who  are  not  thoroughly  conversant  with  all 
branches  of  the  science,  for  topics  that  may,  perhaps,  be  touched  upon  in  some  of 
the  papers  to  be  brought  before  us.  The  great  auestion  which  underlies  much 
that  concerns  geologists  is  whether  the  economy  of  the  world  as  we  now  see  it 
represents  in  kind,  and  partially  or  altogether  in  degree,  the  average  economy  of 
the  world  as  it  has  existed  in  time  past,  as  far  as  it  can  be  traced  by  reference  to 
rocks  and  their  contents  as  they  appear  at  the  surface,  or  as  deep  beneath  the  sur- 
face as  we  may  dare  to  reason  upon  within  the  limits  of  presumed  legitimate 
inference. 

After  people  had  thoroughly  made  up  their  minds  that  the  world  consisted,  as 
far  as  the  outside  of  it  is  concerned,  of  two  classes  of  rocks — igneous  and  aqueous — 
it  was  for  a  long  time  the  fashion  to  attribute  most  of  the  chief  disturbances  which 
the  crust  of  the  earth  has  undergone  to  the  intrusion  of  igneous  masses.  The 
inclined  positions  of  strata,  the  contortions  of  the  formations  in  mountain-chains, 
and  the  existence  even  of  many  important  faults — in  fact,  disturbance  of  strata 
generally,  were  apt  to  be  referred  to  direct  igneous  action  operating  from  below. 
But  a  closer  analysis  of  the  rocks  founded  on  careful  surveys,  not  of  a  little  area 
here,  and  a  little  area  there,  but  on  surveys  of  kingdoms  and  continents,  has  tended 
to  disprove  these  old-fashioned  ideas,  although  you  may  constantly  see  them 
brought  up  again  and  again  in  a  certain  class  of  popular  works,  and  sometimes 
even  in  memoirs  by  authors  who  ought  to  be  better  informed  than  merely  to 
repeat  the  notions  that  we  find  in  common-place  popular  works  on  geology. 

Now,  if  we  look  at  those  British  formations  m  which  igneous  rocks  are  moat 
generally  developed,  what  do  we  find  ?  Go  first  to  North  Wales,  to  ihe  Lower 
Silurian  strata,  which  are  to  a  great  extent  intermixed  with  igneous  rocks.  There, 
instead  of  finding  great  masses  that  broke  through  the  stratified  crust  of  the  earth 
and  tumbled  the  strata  into  confusion,  the  igneous  rocks  consist  chiefly  of  beds  of 
felspathic  lava  and  ashes  of  great  thickness  interstratified  among  the  Lower  Silu- 
rian strata,  with  here  and  there  bosses  of  porphyry,  which  may  sometimes  repre- 
sent, as  I  think,  the  underground  nuclei  of  old  volcanoes  of  Lower  Silurian  age;  but 
the  mountainous  character  of  the  country  is  due,  not  to  the  direct  igneous  action 
of  that  period  heaving  up  the  rocks.  On  the  contrary,  all  the  rocky  masses  of 
which  the  region  consists,  both  igneous  and  aqueous,  nave  been  disturbed  and 
thrown  into  great  sweeping  undulations  formed  of  curved  strata,  thousands  of  feet 
thick,  by  those  agencies,  whatever  they  may  have  been,  that  at  a  later  date  pro- 
^  #  This  address  was  very  imperfectly  taken  down  in  shorthand,  and  the  speaker  has 
since  corrected  it,  and  supplied  the  omissions  of  the  reporter,  to  the  best  of  his  ability, 
from  memory. 
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duced  disturbance.  The  igneous  rocks  were  not  that  cause;  for  they  have  them- 
selves been  disturbed,  together  with  the  fossiliferous  Lower  Silurian  rocks  amid 
which  they  lie ;  and  the  mountainous  character  of  the  country,  as  it  now  presents 
itself,  is  due,  not  to  direct  volcanic  action,  but  to  the  unequal  hardness  of  igneous 
and  aqueous  masses,  acted  on  by  many  denudations  both  ancient  and  modern,  both 
marine  and  subaeriaL  These  causes,  aided  by  faults  which  often  brought  hard  and 
soft  rocks  into  immediate  juxtaposition,  have  given  rise  to  all  the  rugged  outlines 
on  the  surface  of  Wales,  the  hard  rocks  more  strongly  resisting  decay  and  waste, 
the  soft  ones  yielding  to  'time,  the  sea,  and  the  weather,  with  greater  ease ;  and 
thus  it  happens  that  the  harder  masses  generally  form  headlands,  and  the  summits 
of  the  mountains,  though  often  found  elsewhere ;  while  the  softer  strata,  wasted 
away  by  the  sea  and  by  rain  and  rivers,  are  apt  to  lie  in  the  recesses  of  bays  and 
in  valleys  and  plains.  This  kind  of  argument  I  could  equally  well  apply  to  the 
Carboniferous  formations  of  Scotland,  wnere  igneous  rocks  are  rife,  and,  indeed,  to 
all  those  areas  where  igneous  masses  of  ancient  date  are  found  intermixed  with 
sedimentary  strata*. 

Again,  if  we  go  to  the  Alps,  and  look  at  the  strata  there,  which  are  disturbed  on 
the  greatest  scale ;  in  all  that  part  of  the  range  that  I  best  know,  from  east  to 
west  for  more  than  100  miles  in  length,  I  have  never  seen  a  fragment  of  what  I  can 
call  a  true  igneous  rock.  Gneiss  there  is,  and  granite  there  is,  which,  according  to 
old  ideas — a  great  advance  in  their  day — some  have  been  apt  to  classify  either  as 
common  igneous  productions  or  as  closely  allied  to  them ;  but  no  basalts  or  green- 
stones, or  rocks  allied  to  these,  play  any  important  part  in  the  structure  of  the 
country,  although  the  strata  have  been  disturoed  in  a  manner  of  which  no  concep- 
tion can  be  formed  by  those  who  have  only  studied  such  minor  mountains  as  those 
of  the  British  Isles.  There,  in  the  Alps,  we  find  areas  as  large  as  half  an  English 
county,  in  which  a  whole  series  of  formations  has  been  turned  upside  down.  But 
by  what  means  were  masses  of  strata  many  thousands  of  feet  thick  bent  and  con- 
torted and  raised  into  the  air  so  as  to  produce  existing  results  by  affording  matter 
for  the  elements  to  work  upon  P  Not  by  igneous  or  other  pressure  and  upheaval 
from  below,  for  that  would  stretch  instead  or  crumpling  the  strata  in  the  manner  we 
find  them  in  great  mountain-chains  like  the  Alps,  or  in  less  disturbed  groups  like 
those  of  the  Highlands,  Wales,  and  Cumberland,  which  are  only  fragments  of 
older  mountain-ranges;  but,  perhaps,  as  some  have  supposed,  because  of  the  radia- 
tion from  the  earth  of  heat  into  space,  producing  gradually  a  marked  shrinkage  of 
the  earth's  hardened  crust,  which,  giving  way,  became  crumpled  along  lines  more 
or  less  irregular,  thus  producing  partial 'upheavals,  though  the  bulk  of  the  whole 
globe  was  diminishing.  A  modification  of  this  hypothesis  does  not  attempt  to 
explain  the  positive  cause  of  the  shrinkage,  but  simply  states,  that  from  some  un- 
known cause,  irrespective  of  radiation,  great  areas  ot  the  earth's  crust  having  been 
depressed,  broad  lines  that  lie  between  them  have  been  contorted  and  heaved  into 
the  air  in  the  manner  already  indicated.  Such  shrinkage  and  crumpling,  however 
it  was  produced,  when  most  intense  and  on  the  greatest  scale,  is  always  (where  I 
know  it)  accompanied  by  the  appearance  of  gneissic  or  other  metamorphic  rocks, 
and  of  granite  or  its  allies;  ana  it  has  often  been  the  custom  to  attribute  the  dis- 
turbance of  the  strata  in  such  mountain-ranges  and  their  metamorphism  into 
gneiss,  crystalline  marble,  and  the  like,  to  the  intrusion  of  granite.  But  my 
opinion  has  long  been  that,  with  regard  to  gneiss  and  granite,  the  first  has  been 
produced  by  processes  of  metamorphism  which  had  no  necessary  connexion  with 
the  intrusion  of  granite,  while  granite  itself  is  often  simply  the  result  of  extreme 
metamorphism,  having  passed  through  and  beyond  the  stage  of  imperfect  crystal- 
lisation, characteristic  of  gneiss,  into  that  state  of  more  perfect  crystallization  which 
marks  well-developed  granite.  If  this  be  so,  then,  so  far  from  the  intrusion  of 
granite  having  produced  such  mountains  as  those  I  speak  of,  both  gneiss  and 
granite  would  rather  seem  to  be  results  of  the  forces  that  formed  the  mountain- 
chains,  I  cannot  tell  how,  but  possibly  connected  with  the  heat  produced  by  the 
intense  contortion  of  such  vast  masses  of  strata,  the  parts  of  which  now  exposed 
by  denudation  were  then  deep  underground.    There  is,  however,  a  difficulty  here 

*  This  argument  has  of  course  no  immediate  application  to  existing  or  late  Tertiary 
voleanie  areas,  such  as  those  of  Auyergne,  where  entire  and  ruined  craters  still  exist 


48  keport— 1866. 

perhaps  insuperable,  and  which  my  knowledge  does  not  enable  me  to  grapple 
with ;  viz.,  that  if  the  shrinkage  that  contorted  the  strata  were  alow,  the  heat 
resulting  from  it  might  never  have  attained  sufficient  intensity  to  have  produced, 
with  the  aid  of  alkaline  waters,  those  common  metamorphic  masses,  known  as 
gneiss,  granite,  syenite,  &c.,  and  others  less  commonly  recognized  as  metamorphic, 
such  as  some  of  the  quartz  porphyries,  for  the  heat  thus  generated  may  nave 
escaped  as  fast  as  it  was  formed.    But  I  cannot  now  enter  on  these  details. 

It  has  often  been  customary  to  speak  of  the  Cumbrian  mountains  as  a  great 
dome,  forces  from  below  having  heaved  up  the  strata  towards  a  central  point, 
from  whence  the  main  valleys  radiate  as  great  rents  produced  by  that  upheaval. 
But  the  strata  of  Cumberland  are  not  dome-shaped  in  the  true  geological  sense. 
If  it  were  so,  the  strata  ought  to  dip  from  the  centre.  But  instead  of  that  we  find 
Lower  and  Upper  Silurian  strata  from  the  equivalents  of  the  Llandeilo  flags  to 
the  Ludlow  beds,  which  though  contorted,  yet  form  an  ascending  series  all  across 
Cumberland  from  Cockermoutn  to  Ambleside,  with  an  average  south-easterly  dip. 
There  is,  indeed,  nothing  cone-like  in  the  manner  of  their  arrangement,  and  the 
igneous  rocks  associated  with  the  Cumbrian  strata  have  partaken  of  disturbances 
of  the  same  ages  as  those  that  heaved  up  the  Silurian  rocks  of  Wales.  Afterwards 
the  wholejseries  was  planed  across  by  marine  denudation  before  the  deposition 
of  the  Old  Ked  Sandstone  of  the  area;  and  then,  but  chiefly  at  later  periods,  the 
valleys  were  scooped  out  from  a  great  tableland,  an  old  plainof  marine  denudation, 
especially  after  the  removal  by  denudation  of  the  Carboniferous  rocks  which  at 
one  time  probably  cased  and  concealed  the  whole  of  the  Silurian  strata.  In  this 
manner  the  character  of  the  mountains  of  the  country  was  produced,  the  harder 
masses  being"  apt  to  form  the  heights,  craggy,  yet  often  rounded  by  glacial  action. 

Now  in  disturbed  districts,  and  in  many  not  much  disturbed,  faults  are  more  or 
less  numerous;  and  they  are  of  all  ages  and  of  varying  amounts.  On  the  Continent 
of  Europe  and  in  Britain,  for  example,  from  the  Middle  Tertiary  strata  downwards, 
somewhere  or  other,  all  the  formations  have  been  dislocated,  some  of  the  faults 
being  of  the  amount  of  only  a  few  inches  or  yards,  and  others  of  many  thousands 
of  feet  Several  I  know  in  Wales  of  2000, 5000,  or  even  12,000  feet  in  amount ;  and 
as  a  rule  it  is  found  that  the  greatest  faults  intersect  strata  that  have  been  most 
disturbed,  while  also  it  often  happens  (but  not  always)  that  the  oldest  strata  have 
undergone  most  disturbance,  because  they  have  been  more  frequently  affected  by 
disturbing  agents.  On  the  north  side  of  the  Alps  the  Miocene  rocks  of  the  Rhigi 
are  inverted  and  faulted  against  the  older  formations,  and  the  amount  of  the  throw 
must  be  very  large,  and  as  many  Miocene  species  of  mollusks  are  still  living,  far  as 
it  is  removed  from  our  epoch,  this  fault,  by  comparison  with  older  ones,  may  almost 
be  said  to  approach  our  own  day. 

Now  the  question  arises  whether  the  agencies  that  produced  contortion  of  strata 
and  faults,  which  in  certain  cases  have  resulted  in  the  formation  of  great  mountain- 
chains,  have  been  sudden  in- their  operation,  or  if  the  changes  have  been  as  pro- 
gressive and  gradual  as  the  operation  of  those  agents  of  denudation — the  sea  in  the 
formation  of  plains  of  marine  denudation,  old  and  new,  and  the  outlines  of  coasts ; 
together  with  the  work  of  air,  rain,  rivers,  frost,  snow,  and  ice,  that,  long  continued, 
have  produced  the  familiar  sculpturing  of  hill  and  valley.  This  is  a  very  puzzling 
question  to  geologists,  and  various  opinions  have  been  stated.  One  of  these  is  that 
we  now  live  in  a  world,  as  it  were,  nearly  in  a  finished  state,  and  which  will  suffer 
no  more  catastrophes ;  another  that  the  world  now  remains  in  a  temporary  state 
of  repose  after  a  succession  of  spasmodic  throws  which  broke  up  suddenly  great 
portions  of  the  earth's  crust,  ana  repeatedly  revolutionized  the  world,  and  that  such 
efforts  may  recur  at  later  periods  along  way  beyond  our  time;  or  again,  that  the 
state  of  tranquillity  we  now  enjoy,  in  which  change  is  constant,  more  or  less  slow, 
and  very  sure,  has  been  the  order  for  all  time,  as  far  as  geologists  can  trace  back 
the  history  of  the  world  in  the  rocks  that  form  its  crust.  These  are  the  leading 
opinions  on  the  subject,  and  my  own  inclines  to  the  last 

But  in  the  present  state  of  our  knowledge  it  is  impossible  to  reduce  to  a  demon- 
stration the  truth  of  this  opinion.  Those  who  fancy  the  world  to  be  in  a  finished 
state  are  seemingly  forgetful  of  the  fact  that  the  old  rocks  were  made  by  the  same 
operations  as  those  that  are  now  forming ;  and  those  who  advocate  sudden  violence 
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and  wide-spread  revolution  have,  it  seems  to  me,  nothing  beyond  assertion  to  help 
them,  founded  on  that  kind  of  wonder  and  awe  that  arises  from  the  contemplation 
of  crags,  peaks,  and  the  inversions  of  the  strata  of  great  mountain-chains,  or  of  other 
and  kindred  phenomena;  while  the  advocates  of  peaceful  change  have  little  to  say 
beyond  an  appeal  to  observed  facts,  gathered  from  a  study  of  rocky  masses  and 
their  contents,  which  to  them  seem  to  point  throughout  to  gradual  and  continuous 
changes ;  and  these  imperfectly  understood  phenomena  have  induced  a  half  intuitive 
and  growing  belief  that  the  laws,  both  physical  and  biological,  that  govern  the 
world  are  quiet,  progressive,  and  unviolent 

Proceeding  now  a  point  further,  the  connexion  of  life  with  the  modifications 
which  have  taken  place  in  the  crust  of  the  earth  somewhat  helps  us  in  our  endea- 
vours to  understand  the  question.  As  every  one  knows,  there  have  been  great 
numbers  of  different  genera  and  species  inhabiting  the  world  at  different  geological 
epochs,  the  remains  of  which  lie  buried  in  the  various  formations;  and  looked  at 
on  a  large  scale,  and  over  broad  areas,  it  is  evident  that  there  has  been  a  succession 
of  life,  each  of  the  neater  series  of  formations  being  more  or  less  marked  by  its  own 
particular  fauna.  This  fact  led  to  the  old  geological  doctrine  that  there  had  been 
many  sudden  creations,  by  which  the  world  was  at  various  times  peopled ;  that 
these  inhabitants,  after  long  "intervals,  were  as  suddenly  destroyed ;  that  new  crea- 
tions came  in,  and  that  each  formation  was  in  this  way  marked  by  its  peculiar  forms 
of  life.  When,  however,  it  was  found  that  in  some  formations  a  few,  or  sometimes 
many,  of  the  same  species  were  common  to  two  or  more  formations,  this  theory  of 
complete  and  sudden  extinction  and  creation  was  seen  to  be  untenable.  By  and 
by,  when  the  geological  structure  of  Britain  began  to  be  minutely  analyzed,  it  was 
found  in  cases  of  unconformable  stratification,  even  when  the  upper  formation  was 
in  time  the  next  known  member  of  the  series  to  that  which  lay  below,  that  breaks 
in  the  succession  of  marine  life,  partial  or  total,  always  accompanied  such  uncon- 
formities in  stratification.  It  has,  indeed,  been  a  question  with  some  geologists 
whether  two  marine  faunas,  commonly  recognized  as  belonging  to  two  distinct  and 
far  apart  geological  epochs,  such  as  the  Silurian  and  Carboniferous,  could  not  have 
been  contemporaneous  in  past  eras,  or  indeed  even  now.  It  is  very  possible  that 
something  01  this  kind  may  have  been  the  case ;  but  in  my  opinion  only  in  a  mixed 
and  minor  way  between  periods  or  formations  that  in  a  geological  sense  were  not 
far  apart  in  time.  When  we  consider  the  greater  formations,  such  as  Silurian  and 
Carboniferous,  Oolitic  and  Cretaceous,  the  probabilities,  as  I  have  elsewhere  argued, 
are  almost  infinitely  against  this  assumption ;  for  if  so,  an  Oolitic  fauna,  for  example, 
in  whole  or  in  part  might  both  underlie  and  overlie  Cretaceous  formations.  But, 
however  we  may  look  upon  this  question,  it  is  certain  that  the  great  principle  of  a 
succession  of  life,  showing  a  method  of  change  and  progress,  the  old  disappearing, 
and  the  new  coming  in,  and  breaks  in  succession  of  life,  as  I  have  shown  in  detail 
elsewhere,  have  a  close  connexion  with  unconformability  of  strata  and  gaps  in 
geological  time  unrepresented  by  stratified  formations  over  areas  of  varying  size,  such 
areas  being  determined  by  those  agents  that  produced  upheaval  and  denudation  of 

continents  and  islands.  *<..<**  j  .  *i  • 

I  could  follow  out  this  view  with  particulars,  but  without  now  doing  so,  tins 
reasoning  seems  to  assure  us  that  there  never  has  been  universally  over  the  world 
any  complete  destruction  of  life,  but  that  the  succession  of  being  has  gone  on  in 
regular  order  and  sequence,  though  for  a  time,  or  for  ever,  we  have  lost  many  of  the 
records— whole  chapters,  whole  books,  in  consequence  of  the  disturbances  and  slow 
denudations  which  the  earth's  crust  has  undergone.  This  must  show,  therefore, 
that  there  never  has  been  any  universal  catastrophe  which  destroyed  the  life  of  the 
world :  especially  because  many  of  the  forms  are  still  alive  that  belong  to  compara- 
tively old  epochs ;  and  to  my  mind  the  continuity  of  genera  and  even  of  broader 
distinctions  leads  to  a  like  result  But  meat  changes  in  physical  geography  have 
often  taken  place  in  times  too  limited  to  have  involved  total  changes  of  life ;  for 
life,  I  believe,  dies  out  or  changes  not  by  violence  or  sudden  edict,  but  by  the  slow 
effects  of  time.  The  north  of  Europe  and  America  has  been  more  than  half  sub- 
merged during  the  last  glacial  epoch,  and  re-arisen  without  the  disappearance  of 
any  one  marine  mollusk.  Of  the  fossils  of  the  Crag,  part  of  an  old  German  ocean, 
1866.  4 


nave  oeen  iormea.  upneavea,  lnvercea,  ana  iauiiea  witnout  a  loiai  aestnicuoo 
either  of  terrestrial  or  of  aqueous  life.  Putting  all  these  things  together,  I  feel 
myself  almost  driven  to  the  conclusion  that  all  these  changes  hare  oeen  so  slow 
and  gradual,  that  to  occupants  of  old  time,  had  there  been  human  intelligence  to 
observe,  everything  would  have  seemed  to  go  on  in  the  same  alow,  steady,  and 
apparently  undisturbed  manner  in  which  they  appear  to  us  to  go  on  now j  and  if 
this  be  true;  then,  instead  of  having  recourse  to  unusual  catastrophic  action  to  ex- 
plain what  is  seen  to  have  resulted,  it  all  resolves  itself  into  time— to  effects  in  fart 
produced  by  small  cumulative  causes,  which  were  more  than  equal  to  all  the  de- 
structive forces  attributed  to  eruptions  of  igneous  rocks,  the  production  of  faulty 
and  immense  contortions  of  strata ;  and  the  effect  of  all,  out  not  the  final  effect,  has 
brought  about  the  astonishing  chances  which  the  world  has  so  visibly  undergone, 
resulting  in  the  present  physical  geology,  physical  geography,  and  life  of  the  surface 
of  the  earth.  ___ 

On  Intermittent  discharges  of  Petroleum  and  large  deposits  of  Bitumen  fa  the 
Valley  of  Pescara,  Italy.    By  Prof,  Abstbd,  F.RJS. 


On  a  Salse  or  Mud  Volcano  on  the  flanks  of  Etna,  commencing  to  erupt  in  the 
month  of  January  last    By  Prof.  Anhtbd,  F.RJ3. 

.  An  Attempt  to  approximate  the  Date  of  the  Flint  FlaJces  of  Devon  and  OsrmtttU. 
By  C.  Spbnce  Bate,  F.BJ3. 

On  the  Island  of8t  John  in  the  Bed  Sea  (the  Ophiodes  ofStrabo). 
By  Dr.  Bbke. 
The  author  gives  an  account  of  his  visit  to  the  Island  of  St  John,  in  the  Bed  Sea, 
which  he  described  as  an  upraised  coral-reef,  with  a  sharp  volcanic  peak  in  the 
centre.  It  afforded  neither  water  nor  vegetable  productions.  There  was  evidence 
alonp  both  coasts  of  the  Red  Sea  that  the  land  was  uprising.  The  author  exhi- 
bited a  number  of  geological  specimens  collected  on  the  island. 


On  the  occurrence  of  Flint  Implements  in  the  Gravel  of  the  Little  Ouse  Valley  at 
Thetford  and  elsewhere.    By  Hehby  Brigo,  Jun. 

The  author  in  this  paper  described  some  discoveries  of  flint  implements  at  fire 
points  in  the  valley  of  the  Little  Ouse,,  a  river  having  a  common  origin  with  the 
Waverney  at  Lopham  Ford,  and  which,  after  receiving  the  waters  of  the  Tbet  and 
another  small  river,  takes  a  north-west  course,  and  joins  the  Great  Ouse. 

The  country  drained  by  the  Little  Ouse  and  its  tributaries,  is  of  the  Upper  Chalk, 
largely  overlaid  with  glacial  drift ;  and  the  river- valleys  exhibit  extensive  deposits 
of  the  debris  of  these  formations  arranged  terrace-like  upon  their  sides. 

From  Thetford  to  Brandon  the  valley-gravels  attain  their  greatest  development, 
and  are  extensively  Quarried  during  the  winter  months  for  road-making  material 

It  was  at  Santon,  m  the  soring  of  1802,  that  the  first  flint  implement  was  dis- 
covered, and  Mr.  Brigg  has  since  recorded  further  discoveries  at  the  Red  Hill  and 
White  Hill,  Thetford  (slight  eminences  upon  the  Abbey-heath,  thus  called  by  the 
pitmen  from  the  colour  ot  the  gravels),  Santon  Downham,  and  further  down  the 
river,  and  without  the  valley,  at  Shrub  Mill,  in  FeltweD  fen. 

The  discoveries  at  the  Ked  and  White  Hill  are  important ;  the  first  from  the 
large  number  of  implements  that  have  been  found,  the  latter  from  the  octaiieoce 
in  the  same  deposit  of  remains  of  the  Elephas  primigemm,  JSqmts,  &»,  &c  Tlie  im- 
plements of  the  Little -Ouse  gravels  are  mostlv  of  the  spearhead  form,  with  the 
usual  variety  of  finish  and  staining.  Many  of  them  show  traces  of  wear  from  «*e, 
while  others  have  suffered  much  attrition  and  water-wear. 
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The  paper  concludes  by  contrasting  the  flint  tools  of  Thetford  with  those  found 
in  other  parts  of  England,  and  comments  upon  their  probable  use  and  adaptation. 


On  the  Correlation  of  the  Lower  Lias  at  Barrow -on- Soar,  Leicestershire,  with 
the  same  Strata  in  Warwick-,  Worcester-,  and  Gloucester-shires,  and  on  the 
Occurrences  of  the  Remains  of  Insects  at  Barrow.  By  the  Rev.  P.  B. 
Beodib,  M.A.,  F.G.S. 

The  author  first  described  two  sections  of  the  "  Insect  and  Saurian "  beds  at 
Jlorrow-on-Soar,  not  previously  noticed.  These  were  compared  with  other  ad- 
jacent sections,  and  the  variations  in  the  strata  duly  noted.  The  Insect  beds 
were  shown  to  occupy  their  normal  position ;  but  the  thickness  of  the  latter 
was  not  so  great -in  Leicestershire  as  in  Warwickshire.  Hence  a  considerable 
thinning  out  of  the  Lower  Lias  in  this  direction  was  inferred.  The  Insect-bed 
were  believed  to  extend  into  Nottinghamshire,  and  they  have  been  also  observed 
near  Cave  in  Yorkshire.  It  remains  to  be  proved  whether  the  "  Rhaetic  series  " 
is  present  beneath  in  Leicestershire  and  Nottinghamshire  as  in  Warwickshire.  It 
has  been  lately  detected  near  Gainsborough,  in  Lincolnshire.  A  general  compa- 
rison was  then  given  of  the  lower  Lias  in  the  county  of  Leicester  with  the  same 
series  in  Warwick,  Worcester  and  Gloster.  The  insect  limestones  were  shown  to 
be  of  much  economical  value  in  making  hydraulic  lime  and  for  other  purposes. 
Several  faults  on  a  small  scale  were  noticed  both  at  Barrow  and  at  Wilmcote,  in 
Warwickshire,  in  this  zone.  The  characteristic  fossils  were  pointed  out  j  and  it 
appeared  that  saurians  and  fish  were  abundant,  more  so  at  Barrow  than  Wilmcote  5 
and  the  remains  of  insects  were  now  for  the  first  time  indicated  there,  though  they 
had  been  long  since  discovered  in  the  same  division  in  Yorkshire.  It  was  argued 
in  conclusion,  that  these  lower  Liassic  limestones  have  a  very  extensive  horizontal 
range,  and  are  characterize4  by  the  remains  of  insects  throughout,  which  really 
distinguish  them  far  better  than  the  Saurians,  which  have  a  much  wider  vertical 

range.  

On  the  Drift  Deposit  on  the  Weaver  Hills,    By  E.  Brown. 

On  the  Occurrence  of  the  Bhcetic  Beds,  near  Gainsborough  and  the  surrounding 
Strata.     By  F.  M.  Bueton. 

Gainsborough  is  situate  at  the  foot  of  a  moderately  steep  escarpment  of  the 
Keuper  or  uppermost  division  of  the  Triassic  system. 

This  escarpment  consists  of  the  usual  beds  of  the  series,  yellow  and  blue  marls 
alternating  with  brown  and  grey  sandstones  and  beds  of  gypsum ;  the  latter  pre- 
senting both  the  granular  and  fibrous  varieties.  Owing  to  the  operations  of  the 
Great  Northern  Railway  Company,  who  are  lowering  the  gradients  of  their  line  to 
Lincoln,  a  fine  section  of  Rhaetic  beds  has  been  exposed  at  Lea,  about  two  miles 
from  Gainsborough,  where  the  lowest  bed  of  the  series,  containing  Avicula  contorta, 
bones,  and  coprolites,  is  seen  resting  unconformably,  though  with  parallel  stratifi- 
cation, on  the  blue  marls  of  the  Keuper.  This  is  followed  oy  a  band  of  black  shale 
nearly  unfossiliferous,  above  which  comes  the  bone-bed,  a  narrow  band  full  of 
worn  bones,  teeth,  scales,  and  coprolites,  imbedded  in  a  cement  of  pyrites.  This 
is  followed  again  by  a  number  of  other  beds  of  shale,  sand,  and  limestone,  of  vari- 
able thickness  and  degrees  of  hardness,  the  highest  at  present  exposed,  a  band  of 
black  shale  about  two  feet  thick,  containing  large  Septarian  nodules. 

The  whole  series  is  highly  pyritous,  and  contains  Avicula  contortOf  Pullastra 
arenicolaf  with  teeth  of  Hyhoaus,  Acrodus,  Sargodon,  Tcrmatosaurus,  and  other 
Rhtetic  fossils  in  abundance. 

The  Rhsetic  beds  are  capped  by  a  stratum  of  drift  which  covers  the  surrounding 
country,  and  through  whicn  the  cutting  passes  to  Marton  Station,  about  three  miles 
from  Lea,  where  a  fine  and  very  foasiliferous  section  of  lower  lias  is  laid  bare. 

Amongst  the  specimens  found  there  are  Scptaxtreea  Fromenteli,  MontHvaltia  Hameii, 
Pteurotomaria  Anglica,  Turbo  elegaus,  Lima  Ifettangietwis,  several  species  of  Am- 
monites, and  others. 

4» 


On  a  Curious  Lode  or  Mineral  Vein  at  New  Bosewame  Mine,  Gwinear,  Cwa- 
wall.  By  Dr.  C.  Le  Neve  Foster,  F.QJS. 
The  author  observed  that  it  was  chiefly  remarkable  as  being  a  brecciated  lode, 
containing  rounded  pebbles.  The  lode  or  vein  ran  east  and  weslt,  and  dipped  south, 
the  average  dip  being  about  85  decree?.  The  surrounding  rock  was  the  ordinary 
"  killas,"  or  a  hard  shale,  for  which  the  name  of  clay-slate  was  not  appropriate. 
The  lode,  which  had  an  average  width  of  about  8  feet,  contained  on  the  north  side 
mainly  tin,  and  on  the  south  copper  ore.  The  "  tinny,"  or  stanniferous  part,  some 
6  feet  wide,  consisted  of  fragments  of  killas,  elvan,  and  killas — breccia,  cemented 
mainly  by  quartz,  tin-stone,  mispickel,  and  chlorite.  The  fragments  were  mostly 
angular,  but  some  of  the  pieces  of  killas  and  elvan  were  rounded — in  many  case? 
sufficiently  so  to  be  called  true  pebbles.  The  whole  history  of  the  formation  of  the 
lode  described  by  the  author  implied  an  enormous  lapse  of  time. 

On  the  Discovery  of  Ancient  Trees  below  the  surface  of  the  Land  at  the  Western 

Dock  now  under  construction  at  Ilxdl.     By  Dr.  F.  M.  Foster,  Hull.     Bead 

by  James  Oldham,  C.E. 

The  space  intended  for  the  west  dock,  in  Hull,  has  been  inclosed  from  the 
Humber  on  three  sides  by  a  coffer-dam.  In  the  cuttings  at  the  east  end,  the 
upper  stratum  is  noticed  to  be  silt  deposited  from  the  turbid  waters  of  the  Humber, 
locally  known  as  "  mud,"  and  immediately  under  the  silt,  the  trunks,  roots,  and 
branches  of  oak-trees,  together  with  a  peat  soil  of  2  feet  in  thickness,  beneath 
that  a  strong  clay  soil,  and  imder  this  (so  far  as  is  uncovered)  an  extensive  bed 
of  blue  sand,  containing  the  freshwater  shells  Lymntml  Planorbis,  &c 

At  a  depth  of  40  feet  below  the  level  of  the  adjoining  land,  trees  (chiefly  oak) 
are  found  in  all  positions ;  those  which  are  upright  and  still  in  situ  having  been 
broken  off  within  3  feet  of  the  roots.  One  oak-tree,  of  noble  dimensions,  is  jwer- 
fectly  straight,  its  trunk  being  45  feet  long,  and  in  the  thickest  part  measuring 
12}  feet  in  circumference ;  it  is  tolerably  sound,  but  blackened  in  colour.  This 
tree  lies  nearly  north  and  south,  but  others,  which  have  also  fallen,  are  to  be  met 
with  in  every  direction. 

In  a  hole  caused  by  the  decay  of  a  branch,  was  found  a  quantity  of  hazel-nuts, 
possably  the  winter  store  of  some  provident  squirrel ;  the  shells,  though  black, 
were  quite  perfect. 

The  undulating  state  of  the  original  surface  may  be  seen  by  the  silt  above 
being  of  a  lighter  colour  than  the  lower  stratum.  It  is  evident,  from  the  position 
of  the  roots,  that  the  ground  on  the  north  or  land  side,  on  which  the  trees  grew, 
has  been  higher  than  the  south  or  river  side,  thus  indicating  the  side  of  a  valley 
before  the  existence  of  the  estuary  of  the  Humber,  and  probably  of  the  North  Sea. 

The  trees  cannot  be  less  than  3000  years  old ;  and  would  require  at  least  300 
years  to  attain  the  dimensions  given.  In  a  boring_made  the  chalk  has  been  found 
at  the  depth  of  110  feet  below  the  surface  of  the  sea. 

On  the  Anglo-Belgian  Basin  of  the  Forest-bed  of  Norfolk  and  Suffolk,  and 
the  Union  of  England  urith  the  Continent  during  the  Glacial  Period.  By 
the  Key.  J.  Gunn. 

A  question  of  the  greatest  importance  had  been  raised  by  Mr.  Godwin- Antfen 
with  reference  to  the  extension  of  the  Belgian  coal-measures  to  this  country.  It 
was  evident  that  in  the  mesozoic  period,  the  continuous  ranges  of  chalk  in  Bel- 
gium, France,  and  England,  formed  a  basin,  in  which  tertiariea  were  deposited. 
The  author,  after  researches  carried  on  for  upwards  of  thirty  years,  had  come  to  the 
conclusion  that  the  forest-bed  was  the  estuarine  deposit  "of  some  great  river  or 
rivers  flowing  westward,  closed  on  the  south  by  a  ridge  of  chalk-hills,  and  open  to 
the  sea  on  the  north  j  and  that  such  ancient  river  or  rivers  were  now  represented 
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by  the  several  rivers  flowing  into  the  German  Ocean  between  the  mouths  of  the 
Scheldt  and  the  Rhine.  Thus  there  might  he  said  to  he  on  the  English  coast  the 
remains  of  an  estuary  without  a  river,  and  on  the  Belgian  side  of  a  river  or  rivers 
without  an  estuary.  The  author  followed  up  a  description  of  the  deposits  hy  a 
remark  that  he  strongly  suspected  the  disruption  of  this  country  from  the  Continent 
took  place  at  a  more  recent  period  than  was  assigned  to  it  hy  geologists  generally. 
Ilia  impression  was  that  the  forest- bed  and  the  crag-series  which  preceded  it  could 
only  be  studied  to  advantage  in  connexion  with  and  as  part  of  the  corresponding 
beds  of  the  Continent.  

On  the  Sinking  of  Annesley  Colliery.     By  Edwabd  Hedley. 


On  the  Miocene  Flora  of  North  Greenland    By  Professor  Oswald  Heeb. 
Translated  by  Robert  H.  Scott. 

The  Royal  Dublin  Society  is  in  possession  of  a  rich  collection  of  fossil  plants, 
which  have  been  brought  from  the  Arctic  Regions  by  Capt  Sir  F.  Leopold 
M'Clintock  and  Capt.  Jrhilip  H.  Colonib,  at  various  times,  and  have  been  pre- 
sented by  these  gentlemen  to  the  museum  of  the  Society.  I  am  indebted  to  the 
kindness  of  Mr.  Robert  II.  Scott,  Honorary  Secretary  of  the  Royal  Geological 
Society  of  Ireland,  for  a  sight  of  these  specimens,  as  the  Royal  Dublin  Society  has 
been  induced  to  entrust  the  whole  collection  to  me  for  examination.  Before  I 
received  these,  Dr.  J.  D.  Hooker  had  entrusted  to  me  specimens  which  had  been  pre- 
sented to  the  Museum  at  Kew  by  Dr.  Lyall  and  Dr.  W alker.  In  this  latter  collec- 
tion I  discovered  seven  determinable  species,  which  are  also  to  be  found  among  the 
specimens  of  the  Dublin  collection.  In  this  I  find  sixty-three  recognizable  species. 
If  we  add  to  this  the  additional  species  mentioned  by  Brongniart  and  Vaupel,  we 
obtain  a  total  of  sixty-six  species. 

All  the  specimens  of  the  Dublin  and  Kew  collections  come  from  Atanekerdluk, 
as  do  also  the  specimens  which  Capt.  E.  A.  Ingletield  brought  home,  of  which  he 
deposited  a  portion  in  the  Museum  of  the  Geological  Survey,  and  retained  a  portion 
in  his  own  hands.  The  former  have  been  kindly  sent  to  me  by  Sir  Roderick  Mur- 
chison,  while  I  have  obtained  the  latter  through  the  goodness  of  their  owner. 

Atanekerdluk  lies  on  the  Waigat,  opposite  Disco,  in  lat  70°.  A  steep  hill  rises 
on  the  coast  to  a  height  of  1080  feet,  and  at  this  level  the  fossil  plants  are  found. 
Large  quantities  of  wood  in  a  fossilized  or  carbonized  condition  he  about.  Capt. 
Ingtefield  observed  one  trunk  thicker  than  a  man's  body  standing  upright  The 
leaves,  however,  are  the  most  important  portion  of  the  deposit.  The  rock  in  which 
they  are  found  is  a  sparry  iron  ore,  which  turns  reddish  brown  on  exposure  to  the 
weather.  In  this  rock  the  leaves  are  found,  in  places  packed  closely  together,  and 
many  of  them  are  in  a  very  perfect  condition.  Thev  give  us  a  most  valuable 
insight  into  the  nature  of  the  vegetation  which  formed  this  primaeval  forest 

The  catalogue  which  I  append  to  this  paper  will  give  a  general  idea  of  the  flora 
of  this  forest  of  Atanekerdluk ;  but  before  we  proceed  to  discuss  it,  I  must  make  a 
few  remarks. 

(1)  The  fossilized  plants  of  Atanekerdluk  cannot  have  been  drifted  from  any  great 
distance.  They  must  have  groton  up  on  the  spot  where  they  are  found.  This  is 
proved — 

(a)  By  the  fact  that  Capt.  Ingletield  and  Dr.  Rink  observed  trunks  of  trees 
standing  upright. 

(6)  By  the  great  abundance  of  the  leaves,  and  the  perfect  state  of  preservation 
in  which  they  are  found.  Timber,  hard  fruits,  and  seeds,  may  often  be  carried  to 
a  great  distance  by  ocean  currents,  but  leaves  always  fall  to  pieces  on  such  a  long 
journey,  and  they  are  the  more  liable  to  sutler  from*  wear  and  tear  the  larger  they 
are.  We  find  in  Greenland  very  large  leaves,  many  of  which  are  perfect  up  to  the 
very  edge.  It  is,  however,  diilicult  to  work  them  out  from  a  stone  which  splits 
vers*  irregularly ;  and  consequently  we  can  hardly  exhibit  the  entire  leaves  in  a 
perfect  condition. 

(c)  By  the  fact  that  we  find  in  the  stone  both  fruits  and  sseds  of  the  trees  whose 
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leaves  are  also  found  there.  Thus,  of  Sequoia  Langsdorffii'we  see  not  only  the  twi*a 
covered  with  leaves,  but  also  cones  and  seeds,  and  even  a  male  blossom  catkin 
(katzchen) — of  Pbptdus,  Corylus]  Ostrya,  Paliurus,  and  Prunus,  there  are  leaves  and 
some  remains  of  fruit,  which  could  not  be  the  case  if  the  specimens  had  drifted 
from  a  great  distance. 

(d)  By  our  finding  remains  of  insects  with  the  leaves.  There  is  the  elytron  of  a 
small  beetle,  and  the  wing  of  a  good-sized  wood-bug  (probably  belonging  to  the 
family  of  the  PentatomicUe). 

(2)  The  Flora  of  Atanekerdluk  is  Miocene.  Of  the  sixty-six  species  of  North  Green- 
land, eighteen  occur  in  the  Miocene  deposits  of  Central  Europe.  Nine  of  these  are  very 
widely  distributed  both  as  to  time  and  space,  vis.,  Sequoia  LangsdorffU,  Taxodium 
dubium,  Phragmites  Oeningensis,  Querent  Drytneia,  Pianera  Ungeri,  Ztiospyro*  brachy- 
sepaluj  Andromeda  protogcea,  Mhamnus  Eridani,  and  Juglans  acuminata.  These  are 
found  both  in  the  upper  and  lower  Molasse,  while  some  species,  viz.,  Sequoia 
Couttsia?,  Osmunda  Meerii9  Corylus  Macqnarru,  and  Populus  Zaddachi,  have  not  as 
yet  been  noticed  in  the  upper  Molasse.  From  these  nets  it  seems  probable  that 
the  fossil  foreBt  of  Atanekerdluk  flourished  in  that  high  northern  latitude  at 
the  lower  Miocene  epoch. 

(3)  The  Flora  of  North  Greenland  is  very  rich  in  species.  This  is  evident  from 
the  great  variety  of  plants  which  the  specimens  exhibit.  Although  the  amount  of 
material  obtained  from  Atanekerdluk  is  of  small  extent  compared  with  that  which 
has  come  from  the  Swiss  localities,  vet  many  of  the  slabs  contain  four  or  five  specie*, 
and  in  one  instance  even  eleven.  Atanekerdluk  has  been  only  twice  visited,  so  that 
we  can  only  consider  that  we  have  got  a  glimpse  of  the  treasures  buried  there,  and 
which  await  a  more  careful  search.  At  Disco  and  Hare  Island  there  are  extensive 
beds  of  brown  coal,  in  whose  neighbourhood  we  may  fairly  expect  to  find  fossil 

Slants.    In  feet,  Professor  Goppert  mentions  three  species  from  Kook  (?)  in  kt  TCP 
i.,  Pecopteris  borealis,  Sequoia  Langsdortjii,  and  Zamites  ArcUcuSj  which,  strange  to 
say,  he  has  described  (in  his  Jahrbuch  fur  Mineralogie,  1866,  p.  134). 

(4)  The  Flora  of  Atenekerdluk  proves,  without  a  doubt,  that  North  Greenland,  m 
the  Miocene  Epoch,  had  a  climate  much  warmer  than  its  present  one.  The  difference 
must  be  at  least  30°  F. 

Professor  Heer  discusses  at  considerable  length  this  proposition.  He  says  that 
the  evidence  from  Greenland  gives  a  final  answer  to  those  who  objected  to  the  con- 
clusions as  to  the  Miocene  climate  of  Europe  drawn  by  him  on  a  former  occasion. 
It  is  quite  impossible  that  the  trees  found  at  Atanekerdluk  could  ever  have  flourished 
there  if  the  temperature  were  not  far  higher  than  it  is  at  present  This  is  clear 
first  from  many  of  the  species,  of  which  we  find  the  nearest  living  representatives 
10°  or  even  2Qr  of  latitude  to  the  south  of  the  locality  in  question.  Some  of  the  species 
are  quite  peculiar,  and  their  relationship  to  other  forms  is  as  yet  in  doubt.  Of  these 
the  most  important  are  a  Daphnogene  (D.  Eanii),  the  genus  J#*C&rfoc&uz,  and  a 
Zamites.  The  Daphnogene  had  large  thick  leathery  leaves,  and  was  probablv  ever- 
green. 

MClintockia,  a  new  genus,  comprises  certain  specimens  belonging,  perhaps,  to 
the  family  of  the  Proteacese.  The  Zamites  is  also  new.  Inasmuch  as  we  know  no 
existing  analogues  for  these  plants,  we  cannot  draw  accurate  conclusions  as  to  the 
climatal  conditions  in  which  they  nourished.  It  is,  however,  quite  certain  that  they 
never  could  have  borne  a  low  temperature. 

If,  now,  we  look  at  those  species  which  we  may  consider  as  possessing  living 
representatives,  we  shall  find  that,  on  an  average,  the  highest  limit  attainable 
bv  them,  even  under  artificial  culture,  lies  at  least  12°  to  the  southward. 
tfhis,  however,  does  not  give  a  fair  view  of  the  circumstances  of  the 
case.  The  trees  at  Atanekerdluk  were  not  all  at  the  extreme  northern 
limit  of x  their  growth.  This  may  have  been  the  case  with  some  of  the 
species ;  others,  nowever,  extended  much  further  north ;  for  in  the  Miocene 
flora  of  Spitzbergen,  lat.  78°  N.,  we  And  the  beech,  plane,  hazelnut,  and  some 
other  species  identical  with  those  from  Greenland.  For  the  opportunity  of  examin- 
ing these  specimens,  I  am  indebted  to  Professor  Nordenskiold.  At  the  present  time 
J  ho  firs  ana  poplars  reach  to  a  latitude  15°  above  the  artificial  limit  of  the  plane, 
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and  10°  above  ihat  of  the  beech.  Accordingly  we  may  conclude  that  the  firs  and 
poplars  which  we  meet  at  Atanekerdluk  and  at  Bell  Sound,  Spitzbergen,  must  have 
reached  up  to  the  north  pole,  in  so  far  forth  as  there  was  land  there  in  the  tertiary 

EL  The  hills  of  fossilized  wood  found  by  M'Clure  and  his  companions  in  Banks 
(lat.  74°  27'  N.),  are  therefore  discoveries  which  should  not  astonish  us ;  they 
confirm  the  evidence  as  to  the  original  vegetation  of  the  polar  regions  which 
we  "have  derived  from  other  sources.  The  Professor  then  proceeds  to  Bay  that  the 
whole  course  of  reasoning  which  led  him  to  the  conclusion  that  the  miocene  tempe- 
perature  of  Greenland  was  30°  F.  higher  than  its  present  one,  was  too  long  to  be 
included  in  a  paper  like  the  present  one  j  it  would  be  fully  developed  in  his  work 
'  On  the  Fossil  flora  of  the  Polar  Beoions,'  which  will  contain  descriptions  and 
plates  of  the  plants  discovered  in  Nortn  Greenland,  Melville  Island,  Banks  Land, 
Mackenzie  River,  Iceland,  and  Spitzbergen,  and  which  he  hopes  to  publish  at  an 
early  date. 

i  He  then  selects  Sequoia  Langsdorffii,  the  most  abundant  of  the  trees  at  Atanekerdluk, 
and  proceeds  to  investigate  the  conclusions  as  to  climate  deducible  from  the  fact  of 
its  existence  in  Greenland.  Sequoia  §emperviren$  Lamb.  (Bed-wood)  is  its  present 
representative,  and  resembles  it  so  closely  that  we  may  consider  &  sempermren*  to 
be  the  direct  descendant  of  S.  Langsdorffii.  This  tree  is  cultivated  in  most  of  the 
botanical  gardens  of  Europe,  and  its  extreme  northern  limit  may  be  placed  at  lat. 
53°  N.    For  its  existence  it  requires  a  summer  temperature  of  60°  F.    Its  fruit  re- 

Suires  a  temperature  of  65°  F.  for  ripening.  The  winter  temperature  must  not  fall 
elow  31°  F.,  and  that  of  the  whole  year  must  be  at  least  50r  F.  Accordingly  we 
may  consider  the  isothermal  of  50?  as  its  northern  limit  This  we  may  then  take 
as  the  northern  temperature  of  the  Sequoia  Langsdorffii,  and  50°  F.  as  the  absolute 
minimum  of  temperature  under  which  the  vegetation  of  Atanekerdluk  could  have 
existed  there. 

The  present  annual  temperature  of  the  locality  is  about  20°  F.  Dove  gives  the 
normal  temperature  of  the  latitude  (70°  N.)  at  16°  F.  Thus  Greenland  has  too  high 
a  temperature :  but  if  we  come  further  to  the  eastward  we  meet  with  a  temperature 
of  33?  F.  at  Altenfiord.  Even  this  extreme  variation  from  the  normal  conditions 
of  climate  is  17°  F.  lower  than  that  which  we  are  obliged  to  assume  as  having  pre- 
vailed during  the  Miocene  period. 

The  author  states  that  the  results  obtained  confirm  his  conclusions  as  to  the  cli- 
mate of  Central  Europe  at  the  same  epoch  (conf.  Heer,  Recherche*  sur  le  Climatet  la 
Vigftationdupays  Tertiaire,j>.  193),  and  shows  at  some  length  how  entirely  insuffi- 
cient the  views  of  Sartorius  von  Waltershausen  are  to  explain  the  facts  of  the  case. 

Herr  Sartorius  would  account  for  the  former  high  temperature  of  certain  localities 
by  supposing  the  existence  of  an  insular  climate  in  each  case.  Such  suppositions 
would  oe  quite  inadequate  to  account  for  such  extreme  differences  of  climate  as  the 
evidence  now  under  consideration  proves  to  have  existed. 

Professor  Heer  concludes  his  paper  as  follows : — 

I  think  these  facts  are  convincing,  and  the  more  so  as  they  are  not  insulated,  but 
confirmed  by  the  evidence  derivable  from  the  Miocene  Flora  of  Iceland,  Spitzbergen, 
and  Northern  Canada.  These  conclusions,  too.  are  only  links  in  the  grand  chain  of 
evidence  obtained  from  the  examination  of  the  Miocene  Flora  of  the  whole  of 
Europe.  They  prove  to  us  that  we  could  not  by  any  re-arrangement  of  the  relative 
positions  of  land  and  water  produce  for  the  northern  hemisphere  a  climate  which 
would  explain  the  phenomena  in  a  satisfactory  manner.  We  must  only  admit  that 
we  are  face  to  face  with  a  problem,  whose  solution  in  all  probability  must  be  at- 
tempted and,  we  doubt  not,  completed  by  the  astronomer. 


The  Geological  Distribution  of  Petroleum  in  North  America. 

By  Prof.  C.  H.  Hitchcock,  M.A.,  of  New  York  City. 

During  the  past  five  years  the  United  States  of  America  have  produced  more  than 

three  hundred  millions  of  gallons  of  petroleum.    The  average  daily  yield  for  the 

present  year  (1866)  has  been  at  least  12,000  barrels.    The  business  of  collecting, 

transporting,  and  refining  it  employs  as  many  hands  as  either  the  coal-  or  iron-trade. 


1.  jfetroieum  sometimes  occurs  in  svncnnai  aasms,  use  tne  suoterranean  streams 
of  water  penetrated  by  Artesian  bore-holes.  This  is  the  case  in  Western  Pennsyl- 
vania, the  most  prolific  of  all  the  "  oil-regions."  It  is  found  beneath  each  of  three 
sandstones,  or  sets  of  impervious  strata,  designated  by  the  workmen  as  the  "fiist,*' 
"  second,"  and  "  third."  In  the  small-yield  wells  the  oil  may  constitute  the  drain- 
age of  an  inconsiderable  thickness  of  saturated  layers.  The  aid  of  pumps  is  often 
required  to  bring  the  fluid  to  the  surface. 

2.  Petroleum  may  occur  in  cavities  and  fissures  in  the  strata,  either  upon  synclinal 
basins  or  anticlinal  slopes.  The  existence  of  a  cavitv  is  inferred  from  tne  prodigious 
amount  of  fluid  spouting  out  of  the  ground,  as  of  the  Grant  Well  at  Pitt  Hole, 
which  at  the  time  of  my  visit  was  producing  1800  barrels  of  petroleum  every  day. 
Many  of  these  wells  discharge  their  products  intermittently.  Besides  petroleum, 
brine  and  gas  are  commonly,  perhaps  universally,  discharged  from  the  orifice ;  and 
we  may  suppose  that,  before  the  tapping  of  the  cavitv,  thev  were  arrancred  according 
to  their  respective  gravities,  the  gas  uppermost  and  the  brine  at  the  bottom.  The 
varying  phenomena  of  discharge  mav  be  explained  by  supposing  different  parts  of 
the  cavity  to  have  been  reached  by  the  boring-rod  in  the  several  instances.  When 
a  cavity  is  large,  two  or  more  bore-holes  may  penetrate  it,  as  was  the  case  with 
the  celebrated  Phillips  and  Woodford  Wells.  Generally  the  wells  of  one  neigh- 
bourhood seem  to  have  some  connection  with  one  another ;  for  if  old  and  unpro- 
ductive holes  are  not  closed,  the  discharge  from  new  and  promising  wells  is  im- 
peded. Abandoned  holes  should  always  be  plugged  up,  partly  for  the  benefit  of 
new  enterprises,  and  partly  because  it  has  been  discovered  that  bv  rest  they  will 
again  become  productive.  The  oleiferous  reservoirs  may  be  irregular  cavities,  ver- 
tical, horizontal,  or  inclined  fissures,  an  enlargement  of  natural  joints,  &c  Ex- 
plorers look  for  regions  where  the  strata  have  been  much  folded  and  broken,  pro- 
mising that  the  dislocations  may  produce  cavities  in  which  fluids  will  accumulate. 

3.  Petroleum  may  occur  along  lines  of  fattlts.  Examples  of  this  nature  are  in 
Western  Virginia,  Southern  Kentucky,  and  elsewhere. 

4.  Petroleum  may  exist  in  great  quantities  beneath  anticlinal  arches.  A  fault 
mav  change  into  an  anticlinal  along  the  strike.  Examples  of  this  nature  are  in 
Aloert  Co.,  N.  B.,  Gaspe,  C.  E.,  and  in  Canada  West.  The  roof  acts  as  an  impervi- 
ous cover  to  confine  the  fluids  until  the  drill  of  the  workman  appears  for  their 
liberation. 

These  facts  show  us  whereto  expect  petroleum  in  considerable  amount.  If  we 
search  in  that  area  where  the  oil-layer  comes  to  the  surface,  or  its  distribution  is 
represented  by  the  colours  of  a  geological  map,  we  shall  find  only  shallow  and 
small-producing  wells.  Nevertheless  these  may  be  more  permanent  than  the 
deeper  ones,  and  may  be  worked  profitably  from  generation  to  generation,  where 
labour  is  inexpensive.  The  great  wells  involve  three  essentials ;  first,  plenty  of 
bituminous  matter  in  the  petroleum  formation,  from  which  an  abundant  supply 
may  be  drawn ;  second,  cavities  and  crevices  in  the  strata ;  third,  an  impervious 
cover,  like  the  roof  of  an  anticlinal,  to  have  prevented  the  escape  of  the  fluid  in 
past  ages.  The  best  "  surface-indications  "  generally  guide  to  shallow  wells.  The 
test  reservoirs  have  been  found  at  considerable  depths. 

5.  There  are  no  less  than  fourteen  different  formations  in  North  America  (not 
including  the  West  Indies)  from  which  petroleum  has  been  obtained,  generally  in 
productive  amount. 

(a).  Pliocene  Tertiary  of  California.    This  has  been  known  for  a  century. 

(b).  In  Colorado  and  Utah,  near  lignite  beds  of  Cretaceous  age.  Not  yet 
explored. 

(c).  In  small  amount  in  the  Trias  of  Connecticut  and  North  Carolina* 

(a).  Near  the  top  of  the  Carboniferous  rocks  in  W.  Vav  including  many  of  the 
best  producing  welts  in  the  state. 

(f).  Shallow  wells  near  Wheeling,  W.  Va.,  and  Athens,  O.,  not  far  from  the 
Pittsburg  coal. 

(/).  475  feet  lower,  near  the  Tomeroy  ccal-bcd. 
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(g).  At  the  base  of  the  coal-measures  in  conglomerate  or  millstone  grit. 

(it).  Small  wells  in  the  Archimedes  limestone  (Lower  Carboniferous)  of 
Kentucky. 

(t).  Chemung  and  Portage  groups  (Upper  Devonian)  in  at  least  three  different 
levels;  in  W.  Penn.  and  N.  Ohio.  A  careful  study  of  the  distribution  of  the  pro- 
ducing wells  upon  Oil  Creek  has  satisfied  me  that  they  are  aranged  in  four  groups, 
with  scarcely  any  intermediate  stragglers.  These  centres  are  at  Titusville,  Petro- 
leum, Cherry  Run  and  vicinity,  and  about  Oil  City.  Those  at  Pit  Hole  constitute 
another  group.  The  quantity  and  quality  of  petroleum  obtained  is  proportioned 
(the  latter  inversely)  to  the  depth  attained  by  the  bore-holes.  In  the  Cherry  Run 
district  the  wells  in  the  valley  average  550  feet  in  depth ;  those  at  Pit  Hole  average 
620  feet.  At  both  these  localities  attempts  have  been  made  successfully  to  obtain 
petroleum  by  piercing  the  hill-sides,  and  that  from  levels  above  the  average  depth 
of  the  valleys. 

(j).  Black  slate  of  Ohio,  Ky.,  Tenn.,  or  the  representatives  of  the  New  York 
formations  from  the  Genessee  to  the  Marcellus  slates.  This  is  about  the  middle  of 
the  Devonian. 

(k).  Corniferous  limestone,  and  the  overlving  Hamilton  group  in  Canada  West, 
extending  to  Michigan.    This  is  largely  productive. 

(/).  Lower  Helderberg  limestone  at  Gaspe,  C.  E.  This  is  Upper  Silurian,  and 
awaits  development. 

(mi).  Niagara  limestone,  near  Chicago,  111.     Not  yet  remunerative. 

(«).  In  the  equivalents  of  the  Lorraine  and  Utica  slates  and  Trenton  limestone 
of  the  Lower  Silurian  in  Kentucky  and  Tennessee.  One  well  in  Kentucky  in  these 
rocks  was  estimated  to  have  yielded  50,000  barrels. 

The  immense  territory  in  North  America,  several  hundred  so uare  miles  in  extent, 
underlaid  by  the  formations  mentioned  above,  in  an  unaltered  state,  assures  the 
world  that  the  petroleum  of  the  New  World,  like  its  coal,  is  probably  practically 
inexhaustible. 

6.  Petroleum  is  unquestionably  of  organic  origin.  In  my  opinion  the  great  mass 
of  it  has  been  derived  from  plants ;  but  some  think  it  comes  from  animals,  being 
either  a  fish-oil  or  a  substance  related  to  adipocere.  It  does  not  appear  to  be  the 
result  of  a  natural  distillation  of  coal,  since  its  chemical  composition  is  different 
from  the  oil  manufactured  artificially  from  the  can n els,  containing  neither  aniline 
nor  nitrobenzole.  Moreover,  petroleum  occupied  fissures  in  the  Silurian  and  De- 
vonian strata  long  before  the  trees  of  the  coal-period  were  growing  in  their  native 
forests.  The  nearly  universal  association  of  brine  with  petroleum,  and  the  fact  of 
the  slight  solubility  of  hydrocarbon  in  fresh-  but  insolubility  in  salt-water,  excite 
the  inquiry  whether  salt-water  of  primaeval  lagoons  may  not  have  prevented  the 
escape  of  the  Vegetable  gases  beneath,  and  condensed  them  into  liquid !  The  hint 
appears  to  us  worthy  of  consideration. 

On  the  parts  of  England  and  Wales  in  which  Coal  may  and  may  not  be  looked 
for  beyond  the  known  Coal-fields.  By  Sir  Roderick  I.  Murchison,  Bart., 
K.C.B.,  D.C.L.,  F.B.S.,  F.G.S.,  Director- General  of  tJie  Geological  Survey. 

The  ingenious  suggestion  of  Mr.  Godwin- Austen,  that  coal-measures  might  pos- 
sibly be  found  under  London  and  the  south-eastern  part  of  England,  was  formed  on 
a  general  and  comprehensive  view,  as  well  as  upon  ooservation.  He  argued  that  as 
coal  is  worked  under  the  chalk  at  Valenciennes,  in  France,  and  had  been  found  to  a 
small  extent  in  recent  sinkings  under  the  cretaceous  deposits  ranging  westwards 
towards  Calais,  it  might  further  extend  across  the  Channel,  and  occur  under  similar 
cretaceous  rocks  in  the  south  of  England. 

This  theory,  which,  from  the  reputation  of  its  author,  attracted  considerable  atten- 
tion, has  recently  been  largely  and  boldly  applied  by  Mr.  H.  Hussey  Vivian,  M.P., 
who,  in  a  speech  delivered  in  the  House  of  Commons,  when  moving  for  the  appoint- 
ment of  a  Koyal  Commission  to  inquire  into  the  quantity  of  British  coal,  expressed 
the  opinion  that  this  mineral  might  be  found  in  the  southern  counties  of  England; 
and  even  beneath  the  Houses  of  Parliament. 


58  report— 1866. 

Reflection  upon  the  order  and  nature  of  the  rocks  which  surround  the  aouth- 
eastern  counties  of  England,  whether  on  the  coast  of  France,  the  Channel  Islands, 
or  the  western,  midland,  or  northern  counties  of  England,  having  led  me  to  adopt 
an  opposite  conclusion,  I  beg  to  offer  the  following  observations  in  explanation  of 
the  view  which  I  take,  viz.  that  no  productive  coal-measures  can  reasonably  be 
looked  for  in  Essex,  Kent,  Sussex,  Middlesex,  Herts,  Hants,  Bucks,  Oxfordshire, 
Suffolk,  Norfolk,  and  the  eastern  counties,  from  Yorkshire  southwards.  In  this 
list  Nottinghamshire  is  happily  not  included.  To  it  must  necessarily  be  added 
all  the  numerous  tracts  wherein  rocks  older  than  the  carboniferous  rise  to  the 
surface,  as  in  the  greater  part  of  Wales  and  Herefordshire,  in  all  of  which  coal 
cannot  of  necessity  be  found. 

Let  us  first  test  the  value  of  the  data  afforded  by  observations  in  France,  which 
have  led  to  the  application  of  the  above  theory  to  the  south  of  England. 

But  although  I  differ  from  Mr.  Godwin- Austen,  the  difference  between  us  is  not 
great,  inasmuch  that  I  do  not  believe  that  my  distinguished  friend  maintains  that 
a  really  valuable  coal-field  is  likely  to  be  found  in  the  south-eastern  counties,  bat 
simply,  that  some  carboniferous  and  older  rocks  may  there  underlie  the  younger 
deposits.  His  memoir  is,  indeed,  full  of  originality  in  tracing  out  the  gradual  position 
of  an  old  terrestrial  area  over  which  the  vegetation  that  formed  the  coal-fields  pro- 
bably extended. 

It  is  true  that  beds  of  coal  of  considerable  dimensions  are  worked  at  Valen- 
ciennes at  once  beneath  the  chalk,  all  the  intervening  formations  which  exist  in 
many  other  parts  of  the  world  being  there  omitted.  This  fact  simply  indicates 
that  at  Valenciennes  the  coal-bearing  deposits  had  formerly  been  elevated,  so  as  to 
constitute  ancient  lands,  and  had  not  been  afterwards  depressed  under  tike  sea 
during  all  the  periods  in  which  the  Triassic,  Liaseic,  and  Jurassic  formations  were 
accumulated  in  other  tracts.  These  carboniferous  strata  of  Valenciennes  con- 
stitute a  portion  of  the  southern  edge  or  lip  of  the  great  coal-basin  of  Belgium,  in 
which  country,  together  with  the  subjacent  Carboniferous  and  Devonian  limestones, 
they  form  those  great  undulations  so  admirably  laid  down  in  the  geological  map  of 
M.  Dumont.  The  portion  of  these  coal-strata  which  exists  in  France,  and  which  at 
Valenciennes  dips  at  a  high  angle  to  the  north  to  pass  into  Belgium,  has  been  also 
found  to  have  a  lateral  extension  on  the  strike  for  a  certain  distance  to  the  west 
beneath  the  Cretaceous  rocks,  t.  c.  towards  the  British  Channel. 

By  trials  made  through  the  Cretaceous  rocks  and  other  overlying  deposits, 
these  same  coal-strata  have  been  proved  to  extend  to  the  west  of  Bethune.  But 
they  there  gradually  thin  out  to  a  narrow  band,  which  diminishes  to  a  wedge-like 
mass  directed  to  W.N.W.  The  western  limit  of  the  better  portion  of  the  field  has 
been  definitely  proved  by  the  fact  that,  in  all  the  borings  which  have  been  made  to 
the  east  of  a  village  called  Flechenelle,  Devonian  limestones,  schists,  and  grits  alone 
have  been  reached,  the  coal  being  thus  completely  omitted. 

For  general  purposes  the  geological  map  of  France,  by  Messrs.  Elie  de  Beaumont 
ciently  explains  this  thinning  out  to  the  west  of  the  Valenciennes 
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coal-field.  My  conclusions,  however,  are  more  specially  drawn  from  a  food  statis- 
tical coal-mining  survey  map  of  France,  recently  prepared  by  able  civil  engineers, 
as  laid  down  on  the  maps  of  the  De*p6t  de  la  Guerre,  as  well  as  from  my  own  ob- 
servations in  the  Boulonnais.  On  this  map,  every  concession  or  grant  of  a  right 
to  sink  for  coal  (in  number  exceeding  200)  is  marked ;  the  results  of  each  sinking', 
and  the  depths  being  regularly  given.  The  limits  of  the  coal-bearing  strata  on  the 
north  and  on  the  south  of  the  Carboniferous  Zone  have  been  thus  ascertained  by 
trials,  all  of  which  show  that  the  Devonian  rocks  flank  on  each  side  this  narrow 
tongue  of  coal-measures,  the  extreme  point  of  which  is  at  flechenelle.  Between 
that  village  and  Boulogne,  Devonian  rocks  only  are  foimd  under  the  secondary 
deposits  in  all  the  borings  that  have  been  made.  It  is  only  to  the  north  of  Bou- 
logne, at  Hardingen,  that  a  detached  mass  of  carboniferous  limestone,  with  an 
insignificant  patch  of  worthless  coal  associated  with  it,  is  seen  to  be  basined  upon 
those  Devonian  rocks  which  there  rise  to  the  surface.  In  short,  all  the  practical 
French  geologists  with  whom  I  have  conversed  are  of  opinion  that  the  coal-basin 
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of  Valenciennes  and  Belgium  terminates,  as  far  as  productive  value  goes,  a  few 
miles  west  of  Bethune. 

As  the  coal-measures  thus  thin  out  towards  the  British  Channel,  though  some 
traces  of  poor  coal  have  been  found  near  Calais,  we  have  a  clear  demonstration 
in  the  Boulonnais  that  no  productive  coal-measures  are  superposed  to  the  carboni- 
ferous or  mountain-limestone.  In  other  parts,  indeed,  of  the  same  district,  the 
true  Devonian  limestone,  with  many  fossils,  as  well  as  crystalline  carboniferous 
limestone  are  at  once  covered  by  oo&tic  and  cretaceous  rocks  to  the  entire  exclu- 
sion of  any  workable  coal.  Judging,  then,  from  the  gradual  deterioration  and 
extinction  of  the  coal-beds  as  they  approach  the  French  side  of  the  Channel, 
I  hold  that  there  can  be  no  reason  to  nope  that  better  conditions  can  be  looked 
for  throughout  the  southern  counties  of  England. 

Looking,  however,  to  the  well-ascertained  data  that  the  secondary  rocks  of  the 
western  and  central  parts  of  England  which  lie  beneath  the  chalk,  viz.  the 
Trias,  Lias,  and  Oolites,  thin  out  in  their  extension  to  the  south-east,  as  well 
proved  by  a  memoir  of  Mr.  Hull,  still  it  is  by  no  means  improbable  that  the  part 
of  the  oolitic  series  which  appears  in  the  cliffs  north  of  Boulogne  may  be  persistent 
under  the  cretaceous  and  wealden  rocks  of  Sussex  and  Kent.  But  the  question  is 
What  will  the  fundamental  rock  prove  to  be  in  these  districts  if  it  should  ever  be 
searched  for?  Reasoning  from  such  data  and  tho  visible  outcrops  in  the  Boulon- 
nais, my  inference  is  that,  if  not  in  part  Jurassic,  they  will  probably  prove  to  be 
a  thin  band  of  carboniferous  limestone  without  any  productive  coal,  or  more  pro- 
bably Devonian  rock  only.  So  far,  then,  I  a^rree  with  Mr.  Godwin- Austen  as  to 
palaeozoic  rocks  (but  unproductive  of  coal)  being  possibly  found  in  the  south-east 
of  England. 

Again,  if  we  follow  the  course  of  the  older  rocks  in  France  southwards  from  the 
Boulonnais,  everywhere  Devonian  rocks  only  have  been  found  beneath  the  secondary 
strata ;  and,  proceeding  through  Normandy  and  Brittany,  we  find  that  the  Jurassic 
rocks  repose  at  once  on  lower  Silurian  rocks  to  the  total  exclusion  of  everything 
Carboniferous  or  even  Devonian;  whilst  in  the  Channel  Islands  nothing  but 
crystalline  rocks  of  granite,  gneiss,  and  slate  occur,  with  no  signs  of  any  inter- 
mediate strata  between  them  and  the  Wealden  and  cretaceous  rocks  of  the  Isle  of 
Wight  and  Hampshire. 

Tracing  the  line  of  the  older  rocks  which  separate  the  south-eastern  from  the 
south-western  counties,  we  see  the  Devonian  rocks  of  the  Quantock  Hills,  in  West 
Somerset,  at  once  overlaid  by  new  red  sandstone,  oolitic,  and  cretaceous  rocks, 
without  a  sign  of  anything  carboniferous.  When  we  advance  northwards  from  the 
Mendip  Hills,  the  phenomena  we  thero  meet  with  are,  it  seems  to  me,  indicative 
of  the  nopelessness  of  seeking  for  any  productive  coal-measures  between  these  hills 
and  the  Straits  of  Dover,  t.  c.  in  Wilts,  Hants,  Sussex,  Kent,  Surrey,  Middlesex, 
Essex,  and  Herts.  For,  on  the  west,  the  mountain-limestone  forms  the  outward 
eastern  girdle  of  the  great  Somerset  and  Bristol  coal-basin  from  Wells  and  Elm, 
near  Frome,  on  the  south,  to  Chipping  Sodbury,  Wickwar,  and  to  near  Tortworth 
on  the  north. 

Throughout  a  distance  of  about  36  miles,  the  carboniferous  limestone  with  traces 
only  of  mill-stone  grit,  which  is  the  unproductive  bottom-rock  of  every  coal- 
bearing  stratum  in  the  south  of  England  and  Wales,  is  everywhere  and  at  once 
surmounted  on  the  east  by  new  red  sandstone,  or  tho  lias  and  oolitic  forma- 
tions. It  has  been  said  that  an  exception  to  this  rule  occurs  in  the  neighbour- 
hood of  Frome,  where  the  unproductive  limestone  is  said  to  exhibit  an  axial 
form  with  coal-measures  on  two  sides.  Not  having  been  for  many  years  in 
that  tract,  I  ask  for  information,  and  will  only  now  say  that,  if  the  coal  so 
worked  be  not  on  the  eastern  flank  of  the  limestone  but  on  the  southern  side,  and 
is  not  seen  to  dip  to  the  east  and  so  pass  under  the  secondary  rocks,  my  reasoning 
is  unaffected. 

However  this  may  be,  wo  know  that  all  along  the  remainder  of  the  outcrop  of 
mountain-limestone  which  forms  the  eastern  boundary  of  the  Bristol  coal-basin, 
the  strata  of  that  limestone  are  highly  inclined  to  the  west,  thus  passing  under  the 
Bristol  coal-basin  proper.  Now,  it  is  on  the  highly  inclined  and  upturned  edges  of 
that  mountain-limestone  that  the  secondary  rocks  lying  to  the  east  at  once  repose, 
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P-~-n~ar.  *zti  N--^  Lc*i  >Ar»i<  t»  5.*c25ar-&^  I  woold  not  affirm  that  the  southern- 
Ef??c  :f  tke»  £-II*w  ii^«  of  1^2«<ser5fiire  aai  Warwickshire,  hare  no  southern 
txi+zjSr.iL.  'J3?:  xri  ii-7  rrr-*  sc-car  sir=s  of  -£?&rioration  in  that  direction.  I  know, 
how»T?r.  ibdt  -:  iz*  s,wi*  cf  ii»e  ^»  .Ttn  Stadbtddiire  coal-field,  all  the  produc- 
tive coaL-ex*£ur»£  k&T?  been  f:-=ad  >y  actual  trials  to  thin  out,  old  rocks  of 
>il:ciaa  aje  beu^r  p?aci.-ed  be&ea:*.  I  pre^u=ie,  therefore,  that  no  further  efforts 
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On  th*»  czh**r  La^i  tb«e  can  le  little  donb:  that  vast  supplies  of  coal  will 
er^ntnaUT  b*  w»:*k-^i  :o  tfce  sc-rth  and  "wvs?  cf  ihose  lields,  far  beneath  the  Permian 
and  Xew  Red  Saad?T«:i>*  icrasasi-rss  of  the  3fidlacd  Counties,  wherein  the  coal- 
m^a><ures  hare  been  rai^d  to  the  sar&?e  by  upheaval  through  those  younger 
d-pc*it«.  Thos.  in  th«?  Red  Sai>i>:oDe  tracts  between  WolTerhampton  and  Coal 
Brook  D-\Ie.  in  C'h<e>hire.  beiw^n  the  Flintshire  and  Lancashire  Coal  Fields,  and 
orer  other  lartr^  arta?  fimilariy  circumstanced,  there  can  be  little  doubt  that  coal 
will  nltimatelv  be  w«  rk-d — a  riew  which  I  advocated  thirty  years  ago,  and  pub- 
lished in  my  work,  the  *  Silurian  System.* 

To  return  to  the  consideration  of  the  wide  southern  area  in  which  London  lies, 
let  us  proceed  due  north  from  Reading.  On  this  line  the  first  ancient  rocks  we 
meet  with  are  the  slates  of  Charnwood  Forest,  which  are  admitted  to  be  of  Cam- 
brian or  infra-Silurian  age.  To  the  west  of  these,  indeed,  lies  the  Leicester 
coal-tract,  as  well  as  other  coal-fields  of  the  central  counties  to  which  I  have 
alluded ;  bat  to  the  east,  on  the  contrary,  nothing  is  seen  but  secondary  rocks, 
— from  the  Xew  Red  Sandstone  and  lias  to  the  oolites  and  cretaceous  rocks.  Who, 
then,  with  such  an  outcrop  of  Cambrian  slates  in  the  west,  would  sink  for  coal  in 
any  of  the  counties  lying  to  the  east  of  Charnwood  Forest  and  Hart  Hill  ?  The 
recent  well-sinking  at  Harwich  to  procure  water  has,  indeed,  completely  solved 
this  portion  of  the  problem.  There,  beneath  1025  feet  of  chalk,  the  trial  ended  in 
the  discovery  of  a  hard  slaty  rock,  with  fossils  of  the  lower  carboniferous  lime- 
stone, evidently  older  than  any  coal-bearing  stratum.  Specimens  of  this  rock  are 
preserved  in  tne  Museum  of  Practical  Geology,  Jermyn  Street,  as  a  warning  to 
those  speculators  who  would  search  for  coal  in  the  eastern  or  south-eastern 
counties  of  England.  This  fact  shows  indeed  conclusively,  that  the  great  Belgian 
coal-field  does  not  extend  eastwards  to  England,  though  "the  older  rocks  on  which 
it  rusts  are  persistent  into  our  country. 

To  widen  the  application  of  the  inferences  respecting  those  tracts  where  coal 
cannot  reasonably  be  sought  for,  I  may  extend  the  reasoning  to  parts  of  Lincolnshire 
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and  the  East  Rding  of  Yorkshire,  as  well  as  to  a  large  portion  of  the  North  Riding 
of  the  latter  county.  On  this  head  I  will  first  allude  to  the  south  side  of  the  valley 
of  the  Tees,  a  tract  which  I  have  long  known,  extending  from  Croft,  by  Middleton- 
one-Row,  to  the  town  of  Middlesborough,  where  the  New  Red  Sandstone,  of  enor- 
mous thickness,  is  covered  by  detritus  and  northern  drift  At  Middlesborough  the 
spirited  ironmaster,  Mr.  Vaughan,  being  desirous  of  obtaining  subterranean  water 
for  the  working  of  his  engines,  sunk  an  Artesian  well  to  the  depth  of  1800  feet, 
and  at  length  reached  a  body  of  rock-salt,  subordinate  to  the  New  Red  Sandstone, 
— in  fact,  without  reaching  even  the  surface  of  the  magnesian  limestone,  through 
which  the  deep  coal-pits  of  the  east  coast  of  Durham  are  sunk  to  the  extreme  depth 
at  which  coal  has  hitnerto  been  worked  in  that  county.  If,  then,  the  coal-measures 
should  be  prolonged  underground  to  the  south  of  the  Tees  (which,  from  my  ob- 
servation of  the  rocks  between  Seaton  Carew  and  Hartlepool,  I  greatly  doubt,  as 
there  are  symptoms  of  a  basin-shaped  arrangement  of  the  strata),  and  should  pass 
under  the  vale  of  Cleveland,  and  the  hills  of  the  eastern  moorlands,  what,  I  may 
ask.  would  be  the  vast  depth  at  which  they  could  be  won,  by  passing  through  the 
oolites  and  lias,  in  addition  to  the  New  Red  Sandstone  and  magnesian  limestone  P 

In  the  excellent  work  on  Yorkshire  by  Professor  Phillip,  and  indeed  on  all 
geological  maps  of  England,  it  is  shown  that  throughout  a  distance  of  many  miles 
the  lower  or  unproductive  carboniferous  rocks  of  limestone  and  millstone  grit  of 
the  Yorkshire  Dales  are  at  once  surmounted  by  the  magnesian  limestone  of  the 
Permian  group. 

On  the  banks  of  the  Tees,  west  of  Darlington,  wherever  the  magnesian  limestone 
forms  the  upper  stratum,  as  at  Conscliffe,  it  is  at  once  underlaid  by  unproductive 
millstone  grit,  which  on  the  west  lies  upon  mountain-limestone ;  the  productive 
coal-measure  which  ought  to  lie  between  the  millstone  grit  and  the  Permian 
rocks  being  entirely  wanting  owing,  either  to  great  denudation  or  to  an  ancient 
elevation  of  the  tract  after  the  lower  carboniferous  period.  This  uprise  of  the 
older  rocks  seems  also  to  form  a  southern  border  of  ine  great  Durham  coal-basin. 
In  fact,  no  valuable  coaly  matter  has  ever  had  an  existence  in  the  tract  extending 
from  Barnard  Castle  on  the  Tees,  to  the  south  of  Harrogate.  At  the  latter  place 
and  its  environs,  we  have,  further,  the  clearest  possible  proof  of  the  omission  of  all 
the  productive  coal-strata;  for  the  Plumpton  rocks  ana  conglomerates  underlying 
the  magnesian  limestone,  and  forming,  in  my  opinion,  the  base  of  the  Permian 
system,  are  seen  to  repose  directly  on  unproductive  millstone  grit,  which,  in  its 
turn,  rests  upon  the  mountain-limestone  of  the  western  dales  of  Yorkshire. 

But  whilst  I  give  this  as  not  merely  my  opinion,  and  that  also  of  Professors 
Phillips  and  Sedgwick,  who  have  surveyed  the  tract  in  question,  and  also  that  of 
many  sound  geologists,  I  may  state  that  Mr.  Lonsdale  Bradley,  acting  for  my  friend 
Mr.  Webb,  of  Newstead  Abbey,  is  conducting  experimental  borings  through  the 
Red  Sandstone  and  magnesian  limestone  between  Northallerton  and  the  Tees,  in 
the  persuasion  that,  as  the  mountain-  or  carboniferous  limestone  disappears  rapidly 
beneath  the  superjacent  deposits  to  the  east  of  Middleton  Tyas,  there  may  be  found 
a  productive  coal-field,  like  that  of  Durham  or  Leeds,  between  the  strata  which 
they  are  now  piercing  and  the  subjacent  carboniferous  limestone. 

This  view  is  well  explained  in  the  diagrams  which  Mr.  Londsdale  Bradley  has 
allowed  me  to  exhibit  on  this  occasion.  I  must,  however,  declare  that  I  think  the 
probabilities  are  entirely  against  the  success  of  this  enterprise,  though  as  geologists 
we  commend  Mr.  Webb  for  making  this  trial,  by  which  he  will  have  done  good 
service  to  our  science. 

To  the  south  of  Harrogate  the  great  coal-fields  of  Leeds  and  the  West  Riding 
appear  with  a  well-defined  boundary  of  millstone  grit  on  the  north  and  west  To 
tne  east,  however,  of  the  known  boundary  of  these  fields  there  is  a  fair  probability 
that  some  coal  may  be  found  to  extend  under  the  magnesian  limestone  and  New 
lied  Sandstone. 

As  we  proceed  southwards  along  the  escarpment  of  the  magnesian  limestone  in 
its  range  from  Yorkshire  into  Nottinghamshire,  and  thus  flank  successively  the 
Sheffield  and  Derbyshire  coal-fields,  we  find  a  progressive  thickening  of  the  coal 
which  lies  beneath  the  Permian  rock.  Whilst  thin  and  poor  beds  only  have  as  yet 
been  worked  in  the  south  of  Yorkshire  beneath  the  magnesian  limestone,  we  now 


Nottingham  is,  that  in  the  tract  between  Mansfield  and  that  town,  the  coal-strata 
of  Derbyshire?  rich  as  they  are,  become  thicker  and  richer  as  they  dip  to  the  east 
under  the  magnesian  limestone.  When  visiting  Mr.  William  Webb,  at  Newstead 
Abbey,  in  the  year  1863, 1  had  sincere  pleasure  in  announcing  this  important  fact 
in  a  lecture  which  I  gave  in  the  Mechanics*  Institution  at  Mansfield,  inasmuch  as 
the  realization  of  it  rendered  the  properties  of  my  friend  and  his  neighbour*  much 
more  valuable.  The  coal-pits  which  have  almost  been  sunk  along  their  lands  near 
HucknaU  and  other  places,  are  satisfactory  proofs  of  the  fcertainty  of  now  finding 
excellent  coal,  superior,  indeed,  in  quality  and  in  dimensions  to  most  of  the  coal- 
beds  of  Derbyshire,  in  position  and  in  tracts  where  no  one,  even  a  few  years  ago, 
except  geologists,  thought  of  their  existence.  Indeed  it  is  possible  that  at  some 
distant  day,  and  when  the  more  easily  attainable  coals  are  exhausted  under  the 
magnesian  limestone,  the  mineral  will  be  worked  under  the  new  red  sandstone 
to  the  north  of  Nottingham,  though  at  depths  which  at  present  would  render  such 
operations  unremunerative. 

But  whilst  I  thus  advert  to  portions  of  Nottinghamshire  as  included  in  those 
British  areas  in  which  future  supplies  of  coal  will  in  all  probability  be  obtained  by 
sinking  deep  through  overlying  deposits,  it  forms  no  part  of  this  communication  to 
dwell  upon  this  point, — still  less  to  treat  of  the  known  coal-fields,  whether  they  be 
basins  subtended  by  old  red  and  mountain  limestone,  as  in  South  Wales  or  the 
Forest  of  Dean,  or  upcasts  through  the  Permian  and  new  red  sandstones  of  the 
central  counties.  These  subjects,  which  have  already  been  ably  handled  by  Mr. 
Hull,  one  of  my  associates  in  the  Geological  Survey,  and  whose  work,  as  well  as 
that  of  Mr.  Jevons,  has  excited  great  public  interest  in  reference  to  the  duration 
of  British  coal,  will,  I  know,  be  well  inquired  into  by  the  Royal  Coal  Commis- 
sion, My  sole  object  is  to  exclude  from  the  reasoning  upon  the  English  coal-fields, 
whether  near  the  surface,  or  attainable  through  overlying  rocks,  those  hypotheses 
which,  however  ingenious  in  theory,  are,  in  my  opinion  negatived  by  fair  masoning 
on  the  data  we  possess.  Thus,  when  we  exclude,  as  of  necessity,  21,800  square 
miles,  or  nearly  one-half  of  England  and  Wales,  as  consisting  of  rocks  older  than 
the  coal-measures,  and  in  which  no  coal  can  possibly  be  found ;  and  when  I 
have  further  shown  strong  d  priori  reasons  for  setting  aside  the  hypothesis  that 
productive  coal-fields  may  exist  under  our  southern  and  eastern  counties,  we  have 
first  to  proceed  to  form  the  best  approximate  estimate  we  can  of  the  amount  of 
coal  left  in  those  fields  which  have  been  long  worked.  Next  to  endeavour  to 
ascertain  what  is  the  prospect  of  a  profitable  extraction  of  coal  from  deep  seated 
beds,  by  reaching  them  at  certain  depths  beneath  the  superjacent  Permian,  or  other 
overlying  deposits,  through  which  they  have  been  upheaved  to  constitute  the  coal- 
fields' of  the  Midland  Counties.  Such  will  be  the  objects  of  the  Royal  Coal  Com- 
mission recently  appointed ;  and  on  which  I  am  as  yet  unable  to  give  any  reliaUs 
opinion. 

By  excluding  from  the  inquiry  into  the  present  or  probable  future  coal  supply  of 
England  and  Wales,  all  the  tracts  of  crystalline  and  palaeozoic  rocks  which  rue  oat 
from  beneath  the  carboniferous  strata,  and  in  whicn  no  trace  of  coal  can  ever  be 
discovered,  and  also  all  those  secondary  and  tertiary  rocks  beneath  which,  <br  the 
reasons  given,  there  can  be  scarcely  any  hope  of  finding  that  mineral,  it  will  be  seen 
that  the  existing  and  possibly  future  supplies  have,  for  all  practical  purposes,  an 
approximately  defined  limit,  and  that  they  range  over  little  more  than  one-eighth 
of  England  and  Wales,  or  an  area  of  about  6000  square  miles. 

Declining  to  express  any  opinion  as  to  the  duration  of  the  accessiDle  coal-beds  in 
Britain  until  a  closer  survey  shall  have  been  completed,  I  fully  appreciate  the 
anxious  desire  which  is  felt  by  all  persons  who  are  interested  in  the  future  welfare 
of  their  country,  to  have  the  subject  fully  and  fairly  inquired  into ;  the  more  so  as 
I  have  now  in  conclusion  to  announce  that,  by  the  lost  inquiry  made  by  Mr. 
Robert  Hunt,  the  indefatigable  compiler  of  the  Mining  Records  in  the  Govern- 
ment establishment  under  my  direction,  the  last  year's  consumption  of  coal  reached 
the  portentous  figure  of  nearly  one  hundred  millions  of  tons.    Most  judiciously, 
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therefore,  did  Sir  W.  Armstrong  revive  attention  to  this  important  national  sub- 
ject at  the  Newcastle  Meeting  of  the  British  Association ;  whilst  in  this  com- 
munication I  have  simply  endeavoured  to  indicate  that  the  public  are  not  to  be- 
lieve in  the  almost  boundless  range  and  contents  of  our  coal-fields  which  some 
persons  would  assign  to  them. 


On  some  Fossils  from  the  Oraptolitic  Shales  of  Dumfriesshire, 
By  Henet  Alleyne  Nichouson,  B.Sc. 

The  upper  Llandeilo  rocks  of  the  south  of  Scotland  have  long  been  known  to  yield 
graptolites  in  great  profusion,  few  other  forms  of  animal  life  having  been  recognized 
as  occurring  in  them.  Having  had  this  summer  an  opportunity  of  examining  the 
graptolitic  shales  of  Garple  Linn,  near  Moffat,  I  was  struck  with  the  occurrence 
in  them  of  numerous  bodies,  differing-  from  the  graptolites  in  form,  though  resem- 
bling them  in  texture.  These  bodies  present  themselves  as  glistening  pyritous 
stains,  scattered  in  considerable  numbers  among  the  graptolites  upon  the  surface  of 
the  shale.  In  their  most  perfect  condition  they  appear  to  be  bell-shaped  bodies, 
which  average  three-tenths  of  an  inch  in  length  and  two-tenths  in  breadth,  ana 
are  provided  at  one  extremity  with  a  prominent  spine  or  mucro,  the  other  termi- 
nating in  a  nearly  straight,  or  gently  curved  margin. 

When  compressed  from  above  downwards,  a  condition  in  which  they  often 
occur,  they  appear  as  oval  or  rounded  patches,  frequently  very  definite  in  their 
outline,  and  presenting  somewhere  within  their  margin  an  elevated  point,  which 
is  surrounded  by  several  concentric  ridges,  disposed  with  more  or  less  regularity. 
The  elevated  point  marks  the  position  of  themucro,  and  the  concentric  rings  are 
merely  due  to  vertical  compression.  When  in  this  compressed  condition,  these 
bodies  somewhat  resemble  orbicular  Brachionods  in  appearance. 

The  texture  of  these  bodies  appears  to  nave  been  corneous,  like  that  of  the 
graptolites ;  but  they  show  no  traces  of  structure  beyond  the  presence  of  the  mucro, 
from  which,  in  some  well-preserved  specimens,  a  filiform  border  is  prolonged  for 
a  greater  or  less  distance  along  the  free  margin.  The  mucro  appears  to  have  con- 
stituted their  most  solid  portion,  projecting  as  a  marked  elevation  when  obtained 
in  relief,  and  leaving  an  evident  hollow  in  the  cast 

In  most  cases  these  bodies  are  free  and  independent,  but  they  occasionally  occur 
in  such  close  juxtaposition  with  the  stipe  of  a  graptolite  as  to  justify  the  belief  that 
the  connexion  is  organic,  and  not  merely  accidental.  I  have  not  observed  this 
except  in  Graptolites  Sedgwickii,  the  form  in  which  this  might  most  reasonably  be 
expected,  as  tne  cellules  are  separated  from  one  another  by  a  conspicuous  interval 
till  close  to  their  bases.  In  this  case  the  origin  of  the  body  appears  to  have  been 
from  the  common  canal  or  coanosarc.  In  one  specimen  the  mucro  has  been  pre- 
served, and  seems  to  have  been  situated  at  the  free  extremity,  and  therefore  to  have 
been  a  point  of  dehiscence  rather  than  one  of  attachment. 

The  occurrence  of  these  bodies  in  shales,  crowded  with  graptolites  and  grapto- 
litic  germs,  and  their  close  connexion  in  some  cases  with  the  graptolites  them- 
selves, would  seem  to  warrant  the  conclusion  that  they  are  "gonophores,"  or 
"ovarian  vesicles,1'  at  first  attached  to  the  parent  stem,  but  finally  becoming  free- 
swimming  zooids.  Bodies  somewhat  similar  to  these  have  been  described  by  Pro- 
fessor James  Hall  as  occurring  in  connexion  with  the  stipe  of  Graptoliteg  Whit- 
Jieldi,  a  diprionidian  form,  and  these  are  regarded  by  him  as  true  reproductive 
cells. 

If  this  conjecture-  as  to  the  nature  of  these  curious  bodies  (to  which  the  term 
"  grapto-gonophores  "  might  be  applied)  be  correct,  then  the  Graptolitida  would 
have  to  be  finally  referred  to  the  Hydrozoa,  and  would  find  their  nearest  living 
analogues  in  theScrtidarida,  from  which,  however,  they  would  always  be  sepa- 
rated by  characters  sufficiently  distinctive. 

The  facts  that  no  traces  have  been  preserved  of  any  central  axis  within  these 
bodies,  and  that  they  are  not  as  yet  known  to  occur  in  other  localities  where 
graptolites  abound,  would  to  a  certain  extent  militate  against  this  hypothesis ;  but 
the  first  may  be  due  to  the  soft  nature  of  such  an  axis,  and  the  second  is  probably 
referable  to  the  attention  of  geologists  not  having  beon  directed  to  their  existence. 
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On  a  Peculiar  Denudation  of  a  Coal-Seam  in  Coated  $  Park  Colliery, 
By  James  Oakes. 

This  denudation  was  discovered  in  working  the  "Lower  Hard"  seam  of  coal  at 
Coates's  Park  Colliery  in  1859 ;  and  it  appeared  to  be  the  effect  of  a  river  which 
once  existed,  but  has  now  disappeared,  about  500  yards  in  width,  which  has  as  yet 
been  traced  only  in  a  southwardly  direction  for  nearly  six  miles.  The  whole  seam 
(about  4  ft.  thick)  was  broken  up  and  deposited  in  "disjointed  masses  throughout 
the  course  of  this  supposed  river,  in  one  instance  these  thicknesses  of  the  seam 
being  found  piled  upon  each  other ;  and  where  no  coal  existed,  the  underclay  (or 
clunch),  which  ordinarily  is  about  2  feet  thick,  was  heaped  up,  in  one  case,  to  a 
depth  of  20  feet  A  great  body  of  water  must  have  effected  this ;  and  the  nodules 
of  ironstone  found  in  the  underclay,  by  their  worn  shape,  show  that  they  have  been 
subjected  to  the  action  of  a  strong  current 

Further  Observations  on,  and  Additions  to,  the  List  of  Fossils  found  in  the 

Boulder-Clay  of  Caithness,  N.B.  By  Charles  W.  Reach. 
"  At  the  Meetings  of  the  Society  in  1862  and  1864 1  laid  before  the  Members  lists 
%  of  the  fossils  then  found  in  the  Boulder-Clay  of  Caithness.  In  the  first  paper,  I 
*  suggested  that  "  the  mode  of  transport  to  the  shores  of  Caithness  was  by  water- 
borne  ice  and  not  by  local  glaciers.  That  opinion  I  still  retain.  I  have  no  objec- 
tion to  the  deposit  being  called  glacial,  believing,  that,  in  the  first  instance,  the 
materials  were  partly  derived  from  glaciers  formed  at  a  distance  from  Caithness. 
These  glaciers  descended  to  the  sea,  and  were  launched  into  it ;  and  from  them  ice- 
bergs were  broken  off.  These,  when  so  launched,  picked  up  some  of  the  sea-bottom, 
with  its  organisms,  &c,  and  when  on  their  voyages,  wherever  they  touched,  whether 
on  the  bottom  of  the  sea,  or  the  shores  of  the  land,  they  added  to  their  burdens,  by 
picking  up  more  organisms,  stones,  &c. ;  and,  when  finally  stranded,  mud,  stones, 
sand,  and  the  shells  of  Caithness  became  intermingled  with  them.  As  the  icebergs 
slowly  dissolved,  the  burden  was  dropped  in  a  pell-mell  manner.  The  ice  pro- 
tected the  materials,  and  prevented  the  sea  from  levelling  and  arranging  them,  and 
giving  the  deposit  a  stratified  appearance.  The  gradual  dissolving  of  the  bergs 
gave  time  to  tne  clay  to  solidify,  and  thus  it  was  preserved  when  its  carrier  and 
protector  was  no  more.  Once  firm,  especially  in  deepish  water,  little  injury  could 
be  done  to  it  It  suffers  most  when  exposed  to  frost  and  atmospheric  influence*. 
The  story  of  the  voyaging  and  gathering  of  the  icebergs  is  well  told  by  the  contents 
of  their  left  burdens ;  for  Crag,  as  seen  by  its  shells,  &c,  Gault  chalk  and  green- 
sand,  by  the  flints,  corals,  and  Foraminifera,  with  portions  of  chalk,  both  hard 
and  soft— some  so  soft  that  it  may  be  used  for  writing  with — Lias  and  Oolite, 
by  their  Belemnites,  Ammonites,  fossil  wood,  Septaria,  &c,  Silurian,  by  its  me- 
tamorphic  limestones,  quartz,  and  other  rocks,  Cambrian,  by  its  gneiss,  &c»,  granite, 
porphyry,  &c,  are  not  wanting.  Then  we  have  the  abundance  of  Old  Red  Sand- 
stone, turned  up  and  mingled  with  all  the  above  by  the  large  bergs  as  they  bumped 
and  grated  before  finally  resting.  These  remains  form  an  interesting  and  sug- 
gestive collection.  The  organisms  are  entombed  in  a  hard  and  stubborn  matrix. 
It  has,  however,  been  made  to  give  up  its  ancient  dead,  and  to  show  that,  at  the 
time  of  its  formation,  life  was  as  abundant  in  the  sea  as  it  is  now.  With  few  excep- 
tions, the  same  species  are  found  in  it  as  are  now  living  around  our  own  shores,  some 
few  in  the  Arctic  seas  only ;  and  probably  one  or  two  may  be  extinct  I  say  may  be, 
from  having  been  taught  great  caution  by  so  many  of  those  said  to  be  extinct  having 
been  from  time  to  time  dragged  from  ocean-depths  by  our  active  dredgers. 

"  The  fragmentary  state  of  the  organisms  proves  that  they  could  not  have  lived  and 
died  where  now  found ;  for,  with  two  exceptions  (two  small  specimens  of  Anomia 
squamtda).  I  have  not  seen  two  valves  united  amongst  the  hundreds  gathered  by 
myself  ana  other  fellow- workers.  The  only  way  of  accounting  for  the  escape  of 
these  delicate  shells  from  destruction  is,  that  they,  with  many  other  perfect  minute 
univalves,  had  been  sheltered  in  depressions  in  some  of  the  ponderous  masses  they 
were  fellow- voyagers  with."  He  mentioned  that  chal^-flints  were  not  uncommon 
in  the  boulder-clay  and  all  over  Caithness  (even  on  the  small  island  of  Stroma) 
wherever  the  peat  had  been  removed.    Several  species  of  chalk  Foraminifera  and 
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other  things  he 'had  washed  out  of  the  clay.  All  these  show  that  the  chalk 
formation  must  have  been  in  situ  at  no  great  distance  from  Caithness.  He  also 
alluded  to  the  scarcity  of  the  common  litoral  shells,  and  comparative  abundance  of 
rare  and  deep-sea  forms,  as  well  as  mentioned  other  things  of  interest  connected 
with  the  state  of  preservation,  &c,  and  concluded  as  follows : — "  I  might  add  much 
more,  but  feel  unwilling  to  trouble  you  further  beyond  saying  that,  in  taking  leave 
of  the  subject — it  may  be  for  ever — permit  me  again  to  mention  the  .kindness  of 
Mr.  J.  Gwyn  Jeffreys,  who  has  again  named  the  mollusca  for  me.  Mr.  H.  B. 
Brady,  of  Newcastle,  has  examined  and  named  the  Foraminifera ;  his  brother,  Mr. 
G.  S.  Brady,  of  Scarborough,  the  Entomostraca.  To  Mr.  Joshua  Alder,  of  New- 
castle, I  am  indebted  also  for  much  advice  about  the  organisms.  I  am  under  deep 
obligations  to  all  these  kind  naturalists  for  prompt  and  ready  attention,  by  which 
I  am  able  to  lay  before  you  lists  that  may  be  depended  on.  For  myself  I  beg  to  say 
that  I  have  not  admitted  a  single  specimen  into  the  list  but  those  I  am  satisfied 
were  taken  out  of  the  clay." 

Mollusca. — Nucula  sulcata — Norway,  yEgean. 
Leda  pvgmeea — Spitzbergen,  Skye. 

minuta — Arctic  Seas,  South  of  England. 

Cardium  exiguum — Norway,  yEgean. 
Venus  caaina — Norway,  Canary  Islands. 

—  ovata — Norway  ^Egean. 

gallina — Iceland  and  Norway,  Sicily. 

Cyrtoaaria  siliqua — Arctic  Seas.    Mr.  Jeffreys  says — "This  shell  is  especially 
interesting.    Dr.  Rink  found  it  fossil  in  Greenland. 
Solecurtus  candidus— Shetland,  Canary  Islands. 
Chiton  cinereus — Greenland,  iEgean. 
Trochus  Groenlandicus — Polar  Seas,  Skye. 
■         Vahli — Arctic  Seas. 
Liittorina  obtusata — Iceland  and  Norway,  Vigo. 
Kissoa  parva,  var.,  interrupta — Norway,  Canary  Islands. 
Odostomia  albella— Norway,  Sardinia.* 

acicula — Norway,  j£gean. 

Natica  Alderi,  var— Norway,  Sicily. 
Trophon  truncatus — Norway,  Yarmouth. 
Mangelia  Lefroyi — Sweden,  iEgean. 

—  pyramidalis — Arctic  Seas. 
Tornatella  fasciata— Norway,  JSgean. 
Crustacea. — A  fragment  of  carapace. 

Entomostraca. — Cythere  concinna;  Cythereis  Dunedinensls  ;  Cytheridea  papil- 
loma; Cytheridea  punctillata. 

Annelida. — Spirorbis  granulatus :  Sandy  tube  of  probably  a  Pectinaria. 

Polt/zoa.— Sancornaria;  Hippothoa  divaricata;  Lepralia  Peachii,  var.  labiosa; 
Cellepora  pumicosa:  Crisia  denticulate* 

Foraminifera.  —  Biloculina  ringens;  Quinqeloculina  subtrotundata ;  Quinae- 
loculina  triangularis;  Trochammina incerta ;  Dentalina  communis  ;  Vaginulina  le- 
gumen;  Vaginicula  linearis;  Nodosaria  raphanus;  Polymorphina  lactea;  Poly- 
morphina  compressa;  Globigerina  bulloides;  Cassidulina  laevigata ;  Truncatulina 
lobulata:  Protalia  soldarii;  Polystomellaarctica;  Nonioninaasterizans;  Nonionina 
depressula. 

JPearl  of  Mytilus  edulis. 

Fish-bone,  piece  of. 

Summary.— Mollusca,  21;  Crustacea,  1:  EntomostracA,  4 ;  Annelida,  2;  Poly- 
20a,  6 ;  Foraminifera,  17 ;  Pearl,  1 ;  Fish-bone,  1— total  of  new  list,  62 ;  first  list, 
42 ;  second  list,  41— making  altogether,  136.  Of  the  shells,  some  are  British,  a 
few  Arctic  only;  all  are  Scandinavian  and  Arctic. 

###  No  correction  for  variation  has  been  made  for  the  compass-bearings  in  the 
former  papers,  ■     ■■  ■■■■ 

1866.  5 
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Gradual  Change  of  Form  and  Position  of  Land  on  the  South  End  of  the  Isle 
of  Walney.    ByJLA.  Peacock,  Jersey. 

Sheets  Xos.  27  and  28  of  the  Ordnance  Map  of  Lancashire  are  referred  to  in  the 
following  account  The  Map  is  now  in  the  Map  Department  of  the  British  Museum, 
and  shows  the  coast  lines  of  1797, 1833,  and  1647,  respectively,  the  two  first  in  MS. 

Th<>  land,  consisting  mostly  of  sand  and  water-worn  peonies,  continues  to  he 
washed  away  on  the  west  coast,  at  the  average  rate  of  nearly  eight  feet  in  width 
per  friwitim,  round  Hilpaford  Point,  and  gradually  progresses  as  gravel  (the  sand 
disappearing)  along  the  beach  towards  south-east  and  north-east  points,  at  and 
between  which  it  remains,  and  gradually  becomes  covered  over  with  loose  sand 
drifted  from  the  Rabbit  Warren.  The  breadth  of  the  land  at  the  narrowest  part 
on  the  west  was  about  1610  feet  in  1847 ;  and  it  follows  that  at  the  then  rate  of 
waste  the  sea  will  make  a  breach  through  the  island  about  the  year  2050.  The 
gravel-bed  at  the  south-east  point,  between  1833  and  1S47,  extended  on  an  avenge 
nearly  12  feet  annually,  at  which  rate  of  progress  it  would  fill  up  Haws  Hole, 
and  reach  Seldom  Seen  Scar  about  the  year  1930  j  thereby  filling  up  the  water- 
way leading  to  Peel  Harbour,  but  in  the  meantime  another  water-way  will  pro- 
bably have  been  scooped  out  dv  Peel  Channel  (which  is  in  tact  a  river  conveying 
to  the  sea  the  drainage  of  a  considerable  tract  of  country)  across  Far-hill  Scar,  so 
as  to  continue  to  give  coasting-vessels  access  to  Peel  Harbour.  If  this  process  of 
removal  of  land  has  been  going  on,  say  since  Ptolemy's  time — and  it  would  appear 
that  it  must  have  been,  for  the  west  side  of  the  Rabbit  Warren  consists  of  sand, 
intermixed  with  rounded  pebbles — it  follows  that  more  than  2|  miles  in  breadth  of 
land  must  have  been  wasted  away  during  the  last  seventeen  centuries,  and  depo- 
sited further  east.  A  sufficient  consideration  of  these  and  similar  events  elsewhere, 
would  often  assist  in  explaining  difficult  passages  in  the  descriptions  given  by 
ancient  geographers  and  Historians. 

On  Raised  Beaches.    By  W.  Pekgklly,  F.R.S.,  F.GJS.,  $e. 

The  author  stated  that, "  instead  of  aiming  at  description,  his  object  in  this  com- 
munication was  to  call  attention  to  certain  facts  which,  perhaps,  have  scarcely 
received  all  the  attention  to  which  they  are  entitled." 

The  substance  of  the  paper  may  be  gathered  from  the  following  recapitulation, 
with  which  it  concluded : — 

"  1st  That  accumulations  of  blown  sand  occasionally  assume  the  character  of 
raised  beaches. 

"  2nd.  That  it  is  not  safe  'to  conclude,  in  the  absence  of  other  evidence,  that 
raised  beaches,  differing  in  height  by  as  much  as  even  30  feet,  necessarily  belong  to 
distinct  periods. 

"  3rd.  That  it  is  possible  that  what,  in  a  small  vertical  cliff  section  having  the 
direction  of  the  coast  line,  appears  to  be  one  raised  beach,  may  really  be  two. 

"  4th.  That,  all  other  things  being  the*  same,  raised  beaches  are  likely  to  be 
most  numerous  on  a  coast  composed  ox  durable  rocks:" 


On  the  Occurrence  of  Felis  Lynx  as  a  British  Fossil.    By  W.  H.  Raxsox. 

The  author  showed  a  lower  jaw  and  part  of  the  cranium  of  a  species  of  FeM* 
which  had  been  submitted  to  Prof.  Owen,  and  by  him  declared  to  belong  to  Ft&u 
cervaria,  a  north  Asiatic  variety  of  the  Lynx.  lie  recounted  the  circumstances  of 
their  discovery  in  a  fissure  in'  Magnesian  Limestone  at  Pleasley,  near  Mansfield, 
associated  with  remains  of  wolves,  deer,  pigs,  voles,  and  other  food-animals.  The 
jaw  is  preserved  in  the  Museum  of  the  Society  of  Naturalists  at  Nottingham. 


On  some  Characters  of  the  Brain  and  Shdl  in  Plesiosaurus. 
By  Govier  Seeley. 
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On  the  Oarstone.    By  Gotieb  Seeley. 


On  the  CJiaracters  of  Doliehosaurus,  a  Lizard-like  Serpent  of  the  Chalk, 
By  Gotieb  Seeley. 


The  Relation  of  the  Upper  and  Lower  Crags  in  Norfolk, 
By  John  E.  Taylor,  Hon.  See.  Norwich  Oeoh  Soc, 
The  object  of  this  paper  was  to  prove  that  the  present  classification  of  shells  in  the 
Norwich  Crag  is  imperfect,  on  account  of  an  upper  bed  being  included  in  the  Crag. 
The  mean  percentage  of  the  shells  from  the  two  Crags  makes  the  relation  of  the 
Red  and  Norwich  Crags  very  dissimilar,  whereas  there  is  really  a  near  connexion 
between  them.  By  separating  the  shells  of  the  upper  bed,  the  underlying  Norwich 
Crag  approaches  the  Red ;  whilst  the  upper  bed  itself  forms  a  graduating  link 
between  the  three  Crags  and  the  overlying  drift  beds. 

-  After  giving  the  established  percentages  of  recent  and  extinct  shells  in  the  three 
Crags,  as  well  as  the  proportion  of  Arctic  shells  found  in  them,  the  author  men- 
tioned several  places  in  Norfolk  where  the  Upper  Crag  may  be  seen  overlying  the 
Norwich  Crag,  as  at  Coltishall,  Ilorstead,  Trowse,  Thorpe,  Whitlingham,  and 
Bramerton.  The  height  of  the  upper  bed  ranges  above  the  lower  by  three  to 
fifteen  feet.     It  is  marked  by  the  total  absence  of  freshwater  shells,  by  the 

Saucity  of  littoral  species,  and  by  the  abundance  of  deep-sea  shells.  It  is  also 
istinguished  by  the  greater  abundance  of  Arctic  species,  as  at  Bramerton  and 
Thorpe,  where  several  species  ofAstarte,  Cyprma  Isfanaica,  Cardium  Gramkmdicum, 
Lucina  borealis,  and  others  abound. 

The  author  also  showed  that  the  shells  of  the  Bed  and  Norwich  Crags  separated 
them  into  distinct  beds,  whilst  the  same  method  would  also  separate  the  Upper 
from  tto  Lower  Crag  in  Norfolk.  He  therefore  contended  for  the  existence  of 
four  crags,  instead  of  the  present  classification  of  them  into  three.  This  arrangement 
established  a  complete  and  beautiful  sequence  between  the  oldest  Coralline  Crag 
and  the  latest  Drift  deposits. 

On  the  Physical  Geography  of  East  Yorkshire.     By  W.  Topley. 


On  the  Lower  Greensand  of  Bedfordshire.     By  J.  F.  Walker,  F.C.S. 

The  discovery  of  a  new  deposit  of  phosphatic  nodules  was  made  about  three 
years  since  in  tne  Lower  Greensand  of  Bedfordshire,  in  the  vicinity  of  Potton. 
This  bed  was  formerly  quarried  for  mending  the  roads,  until  it  was  found  to  contain 
the  nodules  for  which  it  is  now  extensively  worked. 

A  section  at  a  cutting  near  Potton  Railway  Station  shows,  commencing  at  the 
bottom, — 1,  sand  of  different  colours  (in  some  places  white) ;  2,  conglomerate  bed 
(9  ins.  to  1  ft.  thick)  ;  3,  sand  of  different  colours,  containing  oxide  of  iron,  about 
12  ft.  At  a  coprolite-working,  on  the  left  side  of  the  line^  looking  towards  Cam- 
bridge, a  few  yards  from  the  edge  of  the  cutting,  the  bed  increases  in  thickness  to 
two  feet.  At  a  large  working  on  the  hill,  the  conglomerate  bed  is  about  six  feet 
thick,  the  section  being  as  follows : — 1,  sandstone  on  which  conglomerate  rests ; 
2,  conglomerate  (G  ft.) ;  3,  flaggy  sandstone,  not  exceeding  one  foot  in  thickness 
(often  less)  and  surface  soil.  The  lower  part  of  the  conglomerate  here  is  darker 
and  more  indurated  than  the  upper.  On  the  other  side  of  the  road  is  another 
working,  where  the  nodules  lie  in  a  loose  sand,  and  the  phosphate-bed  is  about  one 
foot  thick.  There  are  several  other  workings  in  the  neighbourhood.  The  con- 
glomerate contains  phosphatic  nodules  and  pebbles  in  about  the  same  proportion. 
The  bed  is  dug  out,  siftea,  washed,  and  laid  in  heaps,  then  conveyed  into  sheds, 
where  the  nodules  are  picked  over  by  hand.  The  quantity  of  phosphoric  acid  in 
the  nodules  varies  from  15  to  22  per  cent.  The  deposit  consists  of  ferruginous  sand, 
more  or  less  indurated,  rolled  pebbles,  light  brown  nodules  of  phosphatic  matter 
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(which  have  an  earthy  fracture,  and  often  contain  remains  of  shells),  and  lumps  of 
hardened  clay.  The  nodules  contain  a  much  larger  percentage  of  alumina  than 
those  of  the  Cambridge  Greenland.  This  would  indicate  that  the  phosphatic 
nodules  had  been  formed  of  clay  soaked  in  decomposing  animal  and  vegetable 
matter,  since  the  alumina  could  not  be  derived  from  animal  or  vegetable  sources. 
The  nodules  are  often  covered  with  perforations,  which  Mr.  A.  Wanklyn  discovered 
to  be  the  work  of  small  bivalves,  of  which  he  obtained  several  species. 

The  remains  of  organic  life  found  in  this  deposit  exist  in  different  states  of  miner- 
alization. Some  are  coeval  with  the  deposition  of  the  bed,  whilst  others  have  been 
washed  out  of  preexisting  deposits. 

Of  vegetable  remains  are  found : — 

1.  Large  masses  of  silicified  wood,  resembling  those  found  in  the  Purbeck. 

2.  Small  pieces  of  wood;  mineralized  with  phosphoric  acid,  and  often  bored  by  a 
new  species  of  Pholas,  which  I  have  named  '*  Photos  DaUasiu" 

3.  Cone  of  C ycadacean,  from  the  Wealden. 
Of  remains  of  animal  origin  we  find : — 

Rolled  bones  and  teeth  of  reptiles  and  fishes,  also  shells  of  mollusca  existing  in 
two  distinct  conditions,  viz.,  phosphatic  casts  and  ferruginous  shells. 

The  phosphatic  casts  of  shells  are  generally  so  much  worn,  that  it  is  impossible 
to  identify  their  species  with  precision.  Their  general  aspect  resembles  those  of 
the  Kimmeridge  and  Oxford  clays.  They  consist  of  casts  of  RhymchoneUa ;  Car- 
dtum,  Area,  Pholadomya,  &c. ;  I^eurotomaria,  Chemnitzia,  Natica,  &a  Also  two  or 
three  species  of  Ammonites  occur,  of  which  Ammonites  biplex  is  found  in  great 
abundance.  Several  of  the  Ammonites  retain  their  nacreous  lustre ;  phragmocones 
of  large  Belemnites  are  also  found. 

Part  of  the  ferruginous  shells  also  have  been  derived  from  extraneous  sources! 
and  among  these  is  Gryphon  dilatata. 

The  rest  of  the  ferruginous  shells  are  of  the  age  of  the  Lower  Greensand. 
Amongst  these  there  are  found — 

Wcddheimia  Tamarindus. 

ceUica. 

Terebratula  depressa. 

Pteurotomaria  De  LahaysU. 

Pecien  Bobinaldimis. 

Ostrea  macroptera. 

Bxogyra  arnica, 

Myacites  plicata. 

Sphara  SedgwickH,  tt.  sp. 
Ferruginous  casts  of  a  shell  resembling  a  "  Perna"  and  other  mollusca  have  been 
also  found. 

The  remains  of  fishes  seem  to  be  principally  derived  from  the  Kimmeridge  Clay. 
The  following  species  have  been  also  found  in  the  Kimmeridge  Clay  at  Ely : — 

Spheerodus  gigas  (palate  teeth),  very  common. 

Pycnodus,  sp.  (palate  teeth). 

Oyrodus,  sp.  (palate). 

Asteracanthus  ornato&simus  (^tarsal  spines),  common. 

Leptacanthus  (spine). 

Hybodus,  sp.  (spines  and  teeth)* 

SpJienonchus. 

Zepidotus.  sp.  (scales). 

Psammodus  reUadatus  (palate  teeth),  very  common. 

JEdaphodon,  sp. 
The  remains  of  reptiles  are  chiefly  rolled  bones  and  teeth  of  Plesiosaurui  and 
Ichthyosaurus;  and  remains  of  PUosaurus,  which  reptile  is  characteristic  of  the 
Upper  and  Middle  Oolites,  occur  in  considerable  quantities. 

Some  teeth  of  Crocodilian  character  are  found  here  as  well  as  at  Ely,  probably 
belonging  to  a  species  of  Quenstedt's  genus  Dako&aunts.  Waterworn  remains  of  the 
Iguanodon,  and  pieces  of  shelly  limestone  containing  Oyrenas,  have  been  derived 
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from  a  deposit  of  Wealden  which  previously  existed  near  this  district,  and  have 
been  deposited  in  this  bed  subsequently  to  its  destruction  by  denudation. 

We  see^  then,  that  the  fossils  contained  in  this  deposit  consist  of  some  coeval  with 
its  formation,  and  of  organic  remains  derived  from  the  denudation  of  the  Wealden 
and  of  the  Kimmeridge  and  [ Oxford  Clays:  and  thus  its  further  study  will 
no  doubt  serve  to  elucidate  a  series  of  very  interesting  and  important  geological 
changes. 

Notes  on  the  Physical  Features  of  the  Land  as  connected  with  Denudation. 
By  A.  B.  Wyene,  F.GJS.,  $c. 

Tire  author  called  attention  to  a  prevailing  sameness  of  character  generally 
observable  in  physical  features — the  results  of  denudation,  arguing  therefrom  a 
uniformity  in  the  action  of  the  natural  causes  which  produced  them.  Ground  forms 
in  England,  Ireland,  Africa  and  India  were  cited  as  instances  to  prove  similarity  of 
results,  depending  upon  denuding  agencies  having  been  exerted  upon  rocks  of  similar 
kinds  or  in  similar  relative  positions  with  regard  to  their  strata,  notwithstanding 
differences  of  climate,  glaciation,  rainfall,  &c. 

The  effect  of  rain  and  atmospheric  weathering  was  alluded  to,  and  also  that  variety 
of  denudation  produced  by  the  sea,  to  which,  for  want  of  a  more  apparent  cause, 
the  formation  of  plains  was  attributed.  The  difficulty  of  reasoning  upon  questions 
of  general  denudation  from  examples  occurring  in  countries  where  atmospheric 
agencies  included  the  complex  actions  of  both  rain  and  ice,  was  adverted  to;  and 
the  conclusion  arrived  at  was,  that  although  the  sea  may  have  done  much  towards 
eating  into  the  land,  the  atmospheric  agencies  which  have  been  in  operation  ever 
since  land  first  rose  above  the  sea,  even  in  the  earliest  geological  periods,  and  down 
to  the  present  time,  must  be  admitted  to  have  performed  a  most  important  part, 
if  not  mdeed  the  chief  results,  in  obliterating  former  traces  of  marine  action!  and 
giving  to  the  land  the  varied  physical  forms  which  it  now  presents. 


BIOLOGY. 

On  the  Dentition  of  the  Common  Mole  (Talpa  Europaea). 
By  C.  Spence  Bate,  FJMS. 


On  the  Rhizopodal  Fauna  of  the  Hebrides, 
By  Henry  B.  Bbadt,  F.L.S.,  F.G.S. 

The  author  stated  that  he  proposed  only  to  supplement  the  Report  on  the 
Hebrides  dredging,  just  read  by  Mr.  Jeffreys,  by  a  tew  remarks  on  the  Forami- 
nifera  which  had  been  found  amongst  the  dredged  sands,  and  to  note  the  occur- 
rence of  certain  interesting  forms,  either  new  or  not  before  recorded  from  any 
British  habitat.  As  the  examination  had  not  been  completed,  details  were  neces- 
sarily left  to  a  future  paper. 

Of  the  family  MUwliaa  one  important  addition  had  been  made  to  the  British 
list :  viz.,  Hauerina  compressa,  d'Orb.,  a  species  rarely  met  with  in  a  recent  state, 
but  well  known  as  a  tertiary  fossil.  Three  or  four  specimens  had  been  found  in 
one  of  the  deeper  dredging*. 

The  abundance  and  variety  of  the  arenaceous  forms  belonging  to  the  LUuolida 
was  perhaps  the  most  striking  feature  in  connexion  with  the  Rhizopoda  of  the 
area  dredged ;  and  their  investigations  had  led  to  some  modification  of  the  views 
hitherto  held  as  to  the  relationship  of  the  genera.  All  the  previously  known 
British  species  had  been  found,  as  well  as  three  not  before  noticed  on  our  shores, 
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namely,  Vatndima  cornea,  d'Qrb.     Trochammma  tqvamato,  P.  &  J.,  and  T.  ger- 
ifcrfw/P.  4  J. 

The  Lagenidm  were  also  largely  represented.  Lagena  granthmoy  Seguenza, 
X.  LyeBii,  Seguensa,  and  Z.  crcnata,  P.  &  J.  were  new  to  oar  fauna ;  and  the  list 
was  farther  augmented  bj  two  new  forms  haying  the  following  characters : — 

Lagena  Jefrtysii*  n.  s.     Shell  flask-shaped,  often  more  or  less  flattened  on 
four  sides,  ecto-solenian ;  neck  long;  and  furnished  with  a  close  spiral 
ornamentation :   surface  covered  with  minute  aciculi,  sometimes  worn 
down  so  as  to  impart  a  merely  rough  appearance  to  the  shell. 
Lagena  pdckeBa,  n.  s.     Characters  as  Z.  margimata,  foonU,  to  which  it  is 
closely  allied,  but  differing  in  haying  a  number  of  delicate  narallel  costs 
springing  from  the  base  and  extending  into  the  upper  half  of  the  shell,  in 
some  specimens  nearly  to  the  aperture. 
Margvndina  kaphanus,  Linn.,  and  CntteUaria  cuUrata,  Montfort,  were  noticed; 
hot  the  specimens  were  scarce  and  of  poor  dimensions. 

A  beautiful  symmetrical  variety  of  Fofytrema  and  several  obscure  RoUdmee  were 
found ;  but  these  and  some  other  "doubtful  specimens  remained  to  be  worked  out 

Note. — Since  the  paper  was  read  the  author  has  learnt  from  Dr.  Aleock,  of  Manchester, 
that  three  or  four  dead  shells  of  Lagena  crenata  had  previously  been  found  amongst  the 
Foraminiferoos  sands  of  Dog's  Bay,  Connemara. 


On  the  Application  of  the  Greek  and  Latin  Languages  to  Scientific  Nomen- 
clature.   By  Thomas  Bbowjt. 


On  Oyster  Cultivation.    By  F.  BrcxLAin). 

The  author  heron  by  explaining  that  it  was  difficult  to  give,  in  a  few  minute.*, 
the  result  of  a  whole  year's  information.  Tie  would  confine  his  remarks  principally 
to  the  history  of  the  living  spat  of  the  oyster,  the  chemical  analysis  of  the  meat 
and  the  mother-liquor  of  the  oyster,  to  the  adhesions  of  the  various  substances  to 
which  they  loved  to  adhere,  and  to  the  marketable  value  of  the  oysters  as  tested 
by  weight.  He  proceeded  to  describe  the  exceedingly  interesting  action  and 
movements  displayed  by  the  young  oyster  when  first  emitted  from  its  mother's  shell, 
giving  the  reason  why  they  sometimes  floated  on  the  surface  of  the  water,  and 
sometimes  sank  to  the  bottom,  and  the  use  to  which  the  young  oyster  places  its 
cilia?,  expressing  it  as  his  opinion  that  these  organs  never  dropped  on*,  but  were  ab- 
sorbed alter  the  young  oyster  became  fixed,  lie  then  exhibited  a  great  variety  of 
substances  to  which  the  oysters  seemed  to  hare  a  natural  preference  for  adhering-. 
Among  these  were  several  "curiosities,  such  as  a  "  plague  pipe/'  to  which  an  oyster 
had  fixed  itself ;  an  ordinary  pipe,  presented  to  niin  by  Sir  Walter  Trevelyan,  in 
the  bowl  of  which  no  less  than  tnree  oysters  had  taken  up  their  position :  aJso 
some  old-fashioned  wine  or  spirit  bottles,  from  the  North  Sea  and  Loch  Ryan,  pre- 
sented to  him  by  Sir  William  Wallace.  He  then  proceeded  to  describe  the  result 
of  the  chemical  analysis  which  he  had  instituted  in  conjunction  with  A.  Pythian 
Tamer,  Em.,  giving  the  amounts  of  mineral  matter,  the  animal,  and  also  the  fatty 
matter.  The  results  obtained  showed  that  the  phosphates  were  more  important  in 
the  composition  of  the  meat  of  the  oyster  than  any  other  of  the  iiigrediente,  and 
hence  their  great  practical  use  for  invalids  and  in  sea-sickness.  He  also  pave 
practical  deductions  as  to  choice  of  proper  places  where  oysters  should  be  laid  in 
order  to  obtain  a  good  supply  of  these  phosphates.  He  then  described  the  process 
of  the  growth  of  the  oyster-shell,  and  detailed  the  manner  in  which  the  oyster 
formed  the  shell  from  the  mother-liquor,  the  mode  also  by  which  the  little  oysters 
were  enabled  to  form  their  shell  inside  the  mother-shell.  His  observations  enabled 
him  to  come  to  the  conclusion  as  to  the  possible  way  in  which  the  young  oyster 
was  enabled  to  attach  itself  to  various  articles.  He  had  been  enabled  to  collect 
samples  of  oysters  from  almost  every  part  of  the  United  Kingdom.    These  here 


TRANSACTIONS  OF  THE  SECTIONS.  71 

been  accurately weighed,  and  he  gave  a  table  showing  the  relative  value  (com- 
mercially speaking)  of  oysters  from  oyster-beds,  or  proposed  oyster-beds  of  Eng- 
land, Ireland,  Scotland,  and  Wales.  He  stated  that  he  was  still  carrying  on  his 
experiments  near  Heme  Bay;  and  he  was  happy  to  be  enabled  to  report  that  the 
French  sytem  of  oyster-culture  had  been  successfully  carried  out  in  a  creek  near 
Havant,  not  far  from  Portsmouth  -,  and  although  he  had  not  yet  seen  the  results 
or  the  experiments  himself,  he  could  not  help  congratulating  the  managers  upon 
their  welf-deserved  success.  Determined  that  England  should  be  well  represented, 
and  that  her  oyster-fisheries  should  not  be  entirely  ignored  by  our  neighbours  in 
France,  he  had  at  this  moment  one  set  of  specimens  at  the  Fish-Culture  Exhibition 
at  Arcachon;  in  the  south,  and  another  at  a  similar  exhibition  at  Boulogne,  in  the 
north  of  that  country,  as  well  as  his  own  collection  at  the  Royal  Horticultural 
Gardens,  South  Kensington,  where  he  was  gradually  making  a  complete  series  il- 
lustrative of  the  culture  of  oysters,  as  well  as  that  of  salmon. 


On  the  Scientific  Cultivation  of  a  Salmon  River.     By  FzAxna  Bucxland. 

The  author  compared  the  ascent  of  salmon  from  the  sea  to  tie  interior  of  the 
country  (where  it  laid  its  eggs)  to  the  process  of  following  a  tree  from  its  root 
upwards  to  its  upper  branches.  The  salmon  is  a  very  clever  fish :  the  feeling  it 
shows  when  preparing  to  lay  its  eggs  is  so  well  marked,  that  he  preferred  to  call  it 
" reason "  rather  than  "instinct."  The  distance  which  salmon  ascend  into  hill 
country  under  the  powerful  feeling  by  which  they  are  influenced  when  preparing  to 
deposit  their  eggs,  he  instanced  by  their  ascent  of  the  Rhine  to  a  distance  of  400 
miles,  where  they  are  stopped  by  the  falls  of  Schaflhausen.  Allow  the  salmon  to 
layj  he  said,  and  it  will  abundantly  repay  the  care  j  put  ladders  on  weirs  for  it  to 
swim  up,  not  nets  to  catch  it.  The  salmon  has  many  enemies — hakes,  cormorants, 
and  herons ;  otters  also  hunt  the  salmon,  not  only  for  food,  but  as  we  ourselves  do, 
for  snort  Of  all  the  enemies  the  salmon  has  to  contend  against  he  has  hot  a  more 
terrible  than  the  millers.  When  a  salmon  comes  to  a  water-wheel  it  will  stay  by 
it  for  days.  The  miller  stops  the  wheel,  and  lets  down  a  trap  at  the  lower  end  of 
the  mill-race  and  catches  the  fish.  Steamers,  too,  are  its  enemies ;  and  though  the 
salmon  is  not  a  nervous  fish  it  is  delayed  by  them.  It  is  very  sensitive  to  smell ; 
when  it  comes  near  large  towns  it  will  not  venture  to  pass  up  rivers  filled  with  im- 
purities. What  does  it  do  then  ?  It  waits  until  a  flood  comes,  and  then  ascends 
in  purer  waters.  Waterfalls  are  no  friends  to  the  salmon.  There  is  a  waterfall  at 
Knaresborough.  People  thought  the  salmon  used  to  jump  every  Sunday  morning 
to  please  them,  but  the  fact  was  the  millers  were  obliged  by  law  to  let  the  water 
down  on  Sunday,  and  then  the  fish  leaped.  Poachers  are  great  enemies  of  salmon. 
During  the  winter  months  it  was  not  an  uncommon  thing  for  one  poacher  to  destroy 
many  fish.  He  heard  from  a  converted  poacher  a  confession  that  made  his  hair 
stand  on  end — he  used  to  feed  his  pigs  with  salmon  eggs !  Mr.  Ashworth,  of  Gal- 
wav,  has  now  the  model  fishery  of  the  United  Kingdom.  The  wonderful  increase 
in  the  number  of  fish  caught,  and  therefore  its  money  value,  showed  the  use  of  cul- 
tivation. To  cultivate  a  salmon  fishery,  however,  one  must  not  lie  in  bed  in  winter ; 
this  business  admits  of  no  idleness.  Mr.  Ashworth  asked  the  salmon  poachers  how 
much  they  made  by  poaching  during  the  winter,  and  gave  them  double  the  money 
to  let  the  spawning  fish  alone.  He  had  from  120  to  130  men  employed  to  see  that 
the  salmon  were  not  disturbed  during  the  winter.  He  himself  was  proud  of  having 
opened  up  the  river  Stour  at  Canterbury.  There  had  been  no  salmon  (Salmonida) 
for  many  years— a  net  had  been  placed  across  the  river.  A  deputation  waited  on 
the  mayor  and  corporation,  an  association  was  founded,  and  the  result  was,  the 
Salmonidce  were  on  the  increase.  The  Thames  used  to  be  a  salmon  river.  The 
Eton  boys  used  to  catch  "  skeggers;"  but  now  there  were  none  in  the  Thames,  for  the 
salmon  were  not  allowed  to  go  up  by  the  weirs  erected  on  account  of  navigation.. 
If  they  were  allowed  to  go  up,  there  would  soon  be  sufficient  eggs.  He  himself 
had  hatched  in  his  back  kitchen  30,000  eggs.  He  was  pleased  to  say  that  a  salmon 
bad  been  brought  to  him  which  had  been  caught  at  Gravesend  in  a  whitebait  net. 
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He  trusted  it  was  from  one  of  the  eggs  hatched  either  by  himself  or  by  the  Thames 
Angling  Preservation  Society.  He  collected  the  fishermen  at  Graveeend,  and  they 
said  that  for  more  than  thirty-three  years  a  salmon  had  not  been  caught  there  before. 
He  was  certain  that  if  the  cultivation  of  salmon  in  the  Thames  were  attended  to, 
in  a  few  years  this  valuable  fish  would  be  restored  to  the  river. 

Mr.  Buckland  then  gave  some  details  respecting  the  Exhibition  of  Fish-culture 
at  Boulogne.  He  was  happy  to  say  that  this  congress  did  great  good,  commercially 
and  intellectually,  inasmuch  as  representatives  of  all  nations — from  Norway  and 
Sweden  in  the  north,  to  Spain  in  the  south — met  to  interchange  ideas,  as  well  as 
to  establish  business  correspondence.  He  had  received  one  silver  and  two  bronze 
medals  from  this  Exhibition,  as  well  as  a  silver  medal  from  the  Exhibition  at  Area- 
don  for  his  labours  in  fish-culture. 


On  Comatula  rosacea,  C.  celtica,  and  other  Marine  Animals  from  ike 
Hebrides.    By  Dr.  Cabpekteb,  FJMS. 


A  few  thoughts,* Speculative  and  from  Observation,  on  Colour  and  Chromula. 

By  J.  J.  Cleateju 


On  the  Entozoa  of  the  Dog  in  relation  to  Public  Health. 
By  Dr.  T.  S.  Cobbold,  F.B.S. 
In  this  extended  communication  the  author  gave  an  account  of  twenty-one  dif- 
ferent species  of  canine  Entozoa,     Amongst  the  most  important  forma  were  the 
Ttenia  echinococcus  and  the  Trichina  spirahs.     In  regard  to  the  latter  he  remarked 
that  "  it  was  probably  not  indigenous  in  the  dog ;  but  the  ease  with  which  the 

E'te  was  transmissible  obliged  us  to  class  it  as  a  canine  parasite."  He  had 
mtly  reared  it  in  the  dog.  Except  in  an  indirect  manner  the  dog  would  not 
ely  to  give  the  Trichna  disease  to  man  j  nevertheless,  if  infested  dog's  flesh 
were  eaten  by  us  we  should  undoubtedly  take  the  disease.  At  all  events,  there 
was  danger  in  allowing  trichinized  dogs  to  roam  at  large,  since  the  consumption  of 
their  flesh  after  death  (by  other  animals)  tended  to  propagate  the  disorder.  Bats 
especially  would  thus  become  liable  to  the  disease. 


On  the  Teaching  of  Science  at  the  Public  Schools. 
By  the  Rev.  F.  W.  Earrar,  M.A.,  F.RJS. 
After  alluding  to  the  strangeness  of  the  fact  that  science,  to  which  the  most 
characteristic  progress  of  this  epoch  was  due,  should  have  been  hitherto  disregarded 
at  our  oldest  seats  of  learning,  the  author  proceeds  to  argue  that  the  introduction  of 
scientific  instruction  into  the  public-school  system  was  necessary  on  three  grounds : 
first,  because  it  called  into  play  a  different  order  of  faculties  in  boys  who  had  studied 
language  with  success ;  secondly,  because  it  evolved  those  faculties  in  boys  who 
were  naturally  unsuited  for  classical  training ;  and  thirdly,  because  the  schools  had 
ceased  to  be  solely  preparatory  for  the  Universities,  and  were  therefore  bound  to 
give  boys  the  opportunity  of  acquiring  some  knowledge  which  would  be  of  direct 
practical  use  to  them  in  their  future  professions.  He  next  treated  of  the  difficulties 
in  the  way  of  carrying  out  these  views.  Those  difficulties  did  not  in  the  least  arise 
from  the  prejudice  of  public-school  masters,  the  majority  of  whom  had  used  their 
best  efforts  to  introduce  more  or  less  of  scientific  teaching  into  the  schools,  but 
from  the  conflicting  opinions  of  scientific  men,  from  the  absence  of  any  definite 
and  well-considered  scheme,  from  the  badness  of  many  existing  text-books,  and 
from  the  immense  amount  of  time  already  devoted  to  the  teaching  of  the  modern 
languages,  mathematics,  and  classics,  a  term  which  now  involved  a  very  wide  range 
of  studies.  The  author  suggested  that  many  of  these  difficulties  might  be  removed 
if  a  committee  were  appointed  by  the  Association,  partly  composed  of  scientific  men 
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and  partly  of  masters  accustomed  to  the  methods  of  public  schools.  He  stated  that 
at  almost  every  school  something  was  being  done,  but  that  the  plans  mainly 
adopted  were  three ;  viz.,  1.  Modern  schools  in  which  science  was  made  a  part  of 
the  course ;  2.  occasional  and  compulsory  lectures,  of  which  notes  were  taken  by 
the  boys ;  and  3.  a  voluntary  system,  by  which  boys  were  encouraged  rather  than 
compelled  to  make  themselves  acquainted  with  various  sciences.  Rugby  is  the  only 
school  at  which  science  is  now  regularly  and  completely  introduced ;  and  the  author 
therefore  described  the  system  there  introduced,  and  the  no  less  characteristic 
voluntary  system  which  has  been  established  with  much  care  at  Harrow,  and  which 
is  working  most  advantageously.  Finally,  the  author  suggested  his  own  scheme, 
which  was  a  combination  of  tne  voluntary  and  compulsory  systems,  for  which  in 
the  case: of  many  boys  ample  time  could  be  gained  by  a  wise  abandonment  of  the 
practice  of  Greek  and  Latin  composition1— an  abandonment  which  (in  the  case  of 
all  but  first-rate  scholars)  he  warmly  advocated  as  most  desirable  after  a  certain 
age.  

On  the  Power  which  some  Rotifers  have  of  attaching  themselves  by  means  of  a 
Thread.  By  R.  Garner,  F.L.S. 
In  this  short  paper  the  author  observed  that  .Rotifers  are  not  common  in  sea-* 
water,  though  one,  Colurtis  uncinatus,  may  be  found  in  any  tank.  That  especially 
noticed,  however,  SyncJueta  Bakica,  is  more  choice  in  its  habitat,  though  it  may 
always  be  found  in  water  from  the  mouth  of  the  Mersey,  from  Rhyl,  or  Llan- 
dudno. The  author  has  not  noticed  it  to  be  luminous.  It  evidently  has  the  power  of 
forming  a  very  fine  thread  from  its  posterior  extremity,  by  which  it  attaches  itself 
to  other  bodies ;  and  when  so  attached  it  perforins  those  remarkable  circular  move- 
ments described  by  Gosse;  its  ciliated  side  processes  being  powerful  locomotive 
organs.  During  the  performance  of  these  movements  the  thread  may  be  inferred 
to  be  present,  from  small  particles  adhering,  and  it  may  be  made  visible  with  the 
highest  power  of  the  usual  microscope,  £  inch :  the  Rotifer  can  snip  it  with  its 
pincers  at  its  pleasure,  when  it  goes  off  with  great  velocity.  Other  Rotifers  may 
have  a  similar  power,  as  indeed  is  mentioned  by  Cohn  in  the  common  Hydatina* 

Variations  in  the  Great  Arterial  Blood-vessels. 
•      By  George  Duncan  Gibb,  M.A.,  M.D.,  LL.D.,  F.QJS. 

Deviations  in  the  origin  of  the  great  vessels  from  the  aorta  were  seldom  or 
never  recognized  during  life ;  whether  they  exerted  any  liability  or  disposition  to 
morbid  action,  the  author  thought  improbable.  In  the  first  of  his  examples  the 
aorta  gave  off  fdur  branches,  instead  of  the  usual  three.  These  were  the  left 
carotid  and  subclavian,  arising  in  the  usual  manner,  and  the  right  carotid  and 
subclavian,  each  arising  direct  from  the  arch  of  the  aorta  by  a  distinct  and  separate 
trunk,  there  being  an  absence  of  the  innominata.  The  two  vessels  on  the  right 
side  were  larger  than  the  left ;  the  left  carotid  was  the  smallest  of  the  four.  The 
course  of  these  vessels  was  the  usual  one,  but  the  laryngeal  branch  of  the  superior 
thyroid  artery  of  the  left  side  perforated  the  thyroia  cartilage,  instead  of  passing 
inwards  through  the  thyro-hyoid  membrane  in  the  usual  manner.  Both  femoral 
arteries,  and  the  left  great  ischiatic  nerve  varied  in  their  division ;  all  the  arteries 
of  the  extremities  Were  calcified  into  hard  unyielding  cylinders. 

In  the  author's  second  instance,  the  main  trunk  or  ascending  portion  of  the  arch  of 
the  aorta  divided  into  two  great  branches,  the  first  of  which  subdivided  into  the 
innominata  and  left  carotid,  the  latter  crossing  the  trachea  obliquely  upwards  to 
the  left  side ;  the  innominata  divided  into  the  two  usual  branches  of  right  sub- 
clavian and  carotid.  The  other  subdivision  of  the  arch  was  into  the  left  subclavian 
and  descending  aorta,  both  vessels  taking  their  usual  course.  If  his  interpretation 
of  this  peculiarity  were  correct,  the  author  considered  it  a  unique  instance  of  divi- 
sion of  the  aorta  into  two  branches  which  in  their  subdivision  gave  off  the  proper 
trunks.  No  similar  example  had  been  found,  even  in  Mr.  Quain's  great  work ; 
and  the  inference  was  that  it  was  unique.  The  division  of  the  aorta  in  this  second 
example  was  not  unlike  that  of  the  abdominal  aorta  into  the  two  iliacs. 
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Tj»  bzitlt:  _n  :l»  yr^-T^  i  -zt~  -nam*  tiii  Twe  been  introduced  with 
"laii^rc  tt  -tir.*  .n  t:~  -•«?>  r  1  inam  ua.  X  raui»riMni,  limited  himself  to 
^ii?  ■!  ■■  *~>_  »nii  :sz-:r-  -  ■  -n-  ?«iLa3  x  -zi*  zr^tr*  T*^*w  Wear, and  True. 

>  -3t»  j^^r  it*  -nr  zr»-*r  inJ^ct-i*-**  -as  iz  r  :n  CI'jl^  and  those  at  Wert 
rsurit-w"i  i^li  -lore  _zjt~>^  » i-  Hx*t  "zi?*  -szusExkiutdc  rf  the  raflwar  to  the  north 
rf  -m-  .ar-~r  -j  t^  ^r  iizt  if  3*i*Licc  iz  S»ai>*cn.  at  SwndprlanH,  and  near 
T-acni  >ili     ir-  t-Z.  te  _-ii  -*  ic  >  mi  jaii  X:rzi  Sii-iis.  and  others  along  the 

r"ii*  i>v»    e*  -_i-  xinn*r'  .1*  «3«kl~*  *v*r»  E-Hi&d  zzzv  rwo  heads — via.,  L.  Erotics 


if  -uairs  *  *-  '..I   ".    ;»zr  j=uizt«L     urn  lit  -irer  u/r,^wi  or  mahtradaed  species 

if  '-.""-nr  ~* — :i-i-  TL>-i  w-p?  a>-  ■■*~£.zi  ti*  b*2:re-saa*ed  districts. 

7"i»*  i-LSL^r  t  3a«r-:  -.  #r,i  a.  zie  n  *w  zzri*£  n.  amounts  to  69  species; 
tzii.  ~>l~  c  tLlzz*  rrciicjK-i  zi  il~  **-i#w  irrjs.;c  i&  Ir-L  These  nnmbers  include 
ta.»*  «>-"-*"  "*~i;.  a  xi~-  3t-~n.  izrzu:  sulzj  r*i3  p*»&»  discovered  by  Messrs. 
Wzara.  V  rty.  X  ;rrr;ir.  in»£  Larv^-n.  **  wrtL  a*  W  ib*  author. 

7z*t  -ilZu^z  -f  zl~  L.i?aL~tt?  s:*cii~I  is  ai>:ecly  zhilk  wiih  flints,  and' therefore 
suay  n'.fcy:*  wxj*z  rr  tt  unn^ .-  zs.  rrfii*^:  z*  5;r^zizi:3*,  are  there  found.  Yet 
Mr.  U  -zr  ^iz^i  v.c  ^-rrr^l  r:^z^  ;f  rLiz."^  *re  vsz^prvsented :  as,  fox  example, 
ti^r*  kpr  2i.  fj"'^.tl^e.  z.-.c  t:ii  azcy  f  zz.:»^  specie*  c*  Omnfcw,  which  flourish  in 
tsLx-xr*^  bcls:  iz»i  zo  Atr.*Hyff :"  •:<-*  zr  :^r>  cf  til*  cummonest  ISoatP,  i2»6^  and 


Is  ww  =.;o.^I  ziar  afrer  ««:ns»  year?*  ohwfvati«?ns,  the  more  tender  species, 
<^P*cliI:t  :z«*  ex-si**.  f.:.zrL*ii  t%r  ttt?  or  three  years*  but  that  they  perish  either 
by  it*  fr:««t  ->€  tt*  tb«s  kird  winter,  t  by  the  sereie  east  winds  in  the  spring-. 
Also  *rr*:rai  v.rta  of  IkirL-i  rLiaz*.  which  were  seldom  if  erer  met  with  before  the 
inmeTOa*  railway?  were  male,  hare  been  canied  whh  shingle  Wong  the  lines  of 
nil  way.  and  *o  hare  cow  fully  esiabli^bed  themselves. 

They  hare  not.  howcrer.  a*  yet  caused  any  great  decrease  in  the  more  common 
plants  of  the  district. 

It  was  farther  remarked  that  after  the  ballast  had  been  deposited,  Anmtah  mostly 
sprang  up,  bat  that  in  two  or  three  seasons  they  gare  way  to  a  lariety  of  /Vranttafe, 
which  Fncceeded  to  them. 

Mr.  Hogg  inserted  in  his  paper  several  lists  of  plants,  which  he  had  carefally 
prepared. 

On  the  Atexual  Reproduction  and  Anatomy  of  Chsetogaster  vermicularis 
(Midi).  By  E.  Eat  Ljlxkesteb,  of  CJirist  Church,  Oxford. 
This  species  of  Chsetogaster  is  a  minute  chaetopodous  worm,  one-eighth  of  an  inch 
long,  parasitic  on  the  common  water-snaiL  Its  most  remarkable  peculiarities  are,  the 
presence  of  oral  bristles  differing  from  those  of  the  body,  the  very  small  number  of 
segments  composing  it,  and  the  total  absence  of  reproductive  organs.  The  author 
described  its  anatomy  minutely,  and  its  mode  of  reproducing  by  budding. 


"bit  paper  is  published  nearly  in  extenso  in  the  '  Annals  and  Mag.  of  Katural  His* 
Jo.  100,  for  January  1867. 
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On  the  Indians  of  Vancouver  Island.    By  J.  K.  Lobd. 
The  author  gave  a  description  of  the  customs  of  the  Indians,  their  weapons, 
domestic  animals,  together  with  other  most  most  interesting  peculiarities.    He 
began  by  showing  that  the  numbers  of  these  Indians  were  steadily  decreasing ;  he 
described  their  personal  appearance  as  being  strangely  modified  by  the  habit  the 
coast  tribes  have  of  sitting  continuously  in  their  canoes  and  in  their  lodges.    Espe- 
cial reference  was  made  to  the  curious  fact  that  the  teeth  of  most  of  the  inland 
Indians  are  ground  down  to  the  gum  by  the  sand  which  is  drifted  on  to  the  salmon 
when  exposed  for  drying  in  the  sun ;  for  it  is  upon  this  dried  fish  the  savages  sub- 
sist entirely  during  the  winter  months.    The  author  exhibited  an  under  jaw,  in 
which  the  teeth  were  thus  worn  away.    He  pointed  out  the  curious  fashion  the 
people  have  of  altering  the  form  of  the  skull  during  infancy,  either  making  it  flat 
or  conical,  by  means  of  pressure.    Engravings  of  these  skulls,  &c.  are  given  in  the 
author's  *  Naturalist  in  Vancouver  Island.      The  strange  ideas  relative  to  the 
disposal  of  the  dead  and  the  rites  of  burial  were  also  mentioned.    The  author  then 
frave  many  particulars  relative  to  the  native  dogs,  and  the  probability  of  a  dog 
having  been  imported  from  Japan  which  had  a  long,  silky  coat ;  the  natives  used  to 
shear  these  animals  as  we  shear  sheep,  using  the  coat  for  the  manufacture  of  rugs ; 
but  since  the  introduction  of  blankets  by  the  Hudson's  Bay  Company,  the  dog  has 
disappeared  from  want  of  protection,  and  become  extinct.    He  showed  that  the 
art  of  weaving  was  known  to  these  tribes  at  a  very  early  period  of  their  history. 
The  religion  of  these  people  is  very  remarkable,  and  they  entertain  beliefs  in  sacred 
days  and  periods  and  sacrifices  to  the  sun ;  they  believe  in  witchcraft  and  in  deities 
representing  good  and  evil.  Animals,  plants  wnich  are  eatable,  fish  and  birds,  were 
believed  to  nave  been  at  one  time  human.    The  remarkable  custom  of  obtaining 
the  "  medicine,"  to  guard  them  through  life,  called  "  tomanawax,"  was  described. 
They  measure  the  sequence  of  the  seasons  by  the  ripening  of  berries  and  opening 
of  flowers,  the  arrival  of  the  crane  and  wild  goose,  spawning  of  fish,  &c.    Copious 
vocabularies  of  the  different  languages,  and  the  jargon  called  Chinook,  as  spoken 
by  the  different  tribes  west  of  the  Rocky  Mountains,  were  submitted  to  the  Section. 
The  names  and  words  seemed  to  be  harsh,  and  decidedly  unmusical.    He  then 
explained  a  valuable  collection  of  stone  weapons  dug  by  himself  from  the  ancient 
river-gravels  of  the  upper  Columbia  river ;  these  were  intermixed  with  stone  beads, 
shells  of  the  Ventaliodd.  the  parasitic  barnacles  found  on  the  skin  of  the  whale, 
buttons  made  from  sea-shells,  numan  skulls  and  bones.    These  relics  were  buried 
at  a  great  depth,  and  no  trade  exists  at  present  betwixt  the  Indians  there  resident 
at  the  present  time  with  those  dwelling  on  the  sea-coast ;  the  distance  from  the 
sea  is  nearly  a  thousand  miles.     The  author  drew  new  and  important  conclusions 
from  these  facts.     Lastly,  the  lodges  and  canoes  were  described,  and  these,  it 
appears,  vary  among  the  different  tribes,  each  tribe  to  a  cpreat  extent  having  a  form 
of  canoe  peculiar  to  itself.    A  wonderful  "  medicipie"  called  a  "  copper,"  was  exhi- 
bited, from  Fort  Rupert,  painted  on  its  surface  with  brilliant  colours,  depicting 
quaint  heraldic  devices ;  also  a  large  slate  dish,  most  exquisitely  and  elaborately 
sculptured  by  the  Haida  Indians  living  on  Queen  Charlotte  Island.    Many  other 
rare  objects  were  exhibited  and  described.     The  author  brought  home  a  large 
collection  of  natural  objects,  to  which  frequent  reference  was  made.    These  are 
now  deposited  in  the  British  Museum. 


Results  of  the  Cinchona  cultivation  in  India. 
By  Clekewts  R.  Maekham,  F.M.G.S. 


On  a  New  Mottuscoid  Animal  allied  to  Pdonaia  (Forbes  and  Goodair). 
By  Dr.  C.  M'Iktosh. 

The  specimen  was  found  on  the  beach  at  St  Andrews,  after  a  severe  storm,  in 
1861,  measuring  If  inch  in  length,  in  shape  like  an  elongated  Florence  flask  with 
the  bottom  a  little  produced  and  the  neck  much  elongated.  Its  test  is  constructed 
like  sand-paper,  the  particles  forming  essential  constituents  of  the  mass ;  and  at  the 
wide  end  there  is  a  series  of  hairs  formed  by  prolongations  of  the  basis  structure, 
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¥ri  9aE  iara£**  mi  ami  a=ack>*i.  Wltin  this  test  lies  a  series  of  interfaced 
z.n<c-xii7  r^r-es.  w5t_.:i  rr  s*  «k.*i  .ci-rr  as  rssht  angles,  and  which  muscular  coat 
•ran.  le  -xmz-j  srxk?izz*i  ire*  ti-*  irtrssal  iaad  somewhat  fibrous)  surface  of  the 
*sfc  Tie  -ran-^VL  af  2*  ^erased.  K*5  its  meshes  of  a  square  or  slightly  oblong 
arcn.  ~  -.*---**  ac  ii*  *cr«s*  aai  k  «e.iir  »»td  along  the  narrow  part  of  the  animal 
rr  tii*  an  iai  awrcc-Sw  12*  mi  coe  0/  which  has  no  tentacular  fringes.  Its 
<tzvnz?.  jc^tt  12*  *c*ci»?a  was  preserved,  was  detailed,  and  it  was  mentioned 
riaa  is  iirwtrre  srscccr  *rrwd  is  s»aeral  with  PeJonaia.  In  conclusion,  the 
jgecke  irfra  ir:m.  E^seaaa.  as  6*=*ris*d  by  Forbes  and  Goodsir,  in  the  extreme 
yotzzdEB.  :€  tfc*  >ro:c  justairrs:  th*  apertures:  and  in  the  structure  of  the 
tw«*  w*idi  ia.  P.  v>wr*  »  tiis  aod  ttvap'tanotts  like  parchment,  and  in  P.  corrv- 
fnt*  Vixk.  eagtTara:<B»  sad  transversely  wrinkled,  while  here  it  is  like  sand- 
pa^tfc  Tbe  sfe*tf  VrxaaFrcne  aire  is  the  interior  of  the  mantle,  as  shown  in  the 
zjrxr*  of  P.  yi^drc  »  al^cs.  It  differs  also  Terr  characteristically  from  the  Bol- 
ters*.— Is*  aim  a^ii-.r  ceiaavzxated  sosae  "remarks  on  the  Turbellaria  and 
A=ae&ii  ct  North  I  2**%  ?£  whith  he  had  found  about  110  species,  including  many 
rare  aad  sees*  new  exazir^sL  He  also  exhibited  numerous  coloured  drawings  of 
-  and  rare  sariae  ar~al«  recently  got  in  the  Hebrides  and  St.  Andrews  Bay. 


0m  m  Rrre  M:Xmseoid  Antmui  ^Pelonaia  corrogata). 
B?  W.  C.  M  brrose,  M  J).,  FJJS. 

This  was  at  first  considered  to  be  a  new  species,  from  the  erroneous  or  imperfect 
descriptions  previously  rabfehed.  espeda&y  that  in  the  'British  MoHusca'  of 
Mesas.  Forbes  aad  HanJey.  A  minute  description  was  given  of  its  appearance 
and  anatomy ; — hs  unyielding  nask-shaped  sheath  of  sand  particles,  covered  with 
sandy  hairs  toward?  its  bulbous  portion,  and  to  which  sheath  the  muscular  coat 
does  not  adhere  closely :  its  elongated  branchial  cavity,  curious  digestive  system,  &c. 

Large  col  Hired  drawings  of  new  and  rare  marine  animals  from  the"  East  and 
West  coasts  of  Scotland  were  also  exhibited. 


List  of  TurbeRiria  and  Annelida  of  North  Uist. 
"  By  W.  C.  iTLvrosH,  If  J)^  FXJS. 

The  list  of  Annelida  from  North  Fist  consists  of  about  110  species,  some  of 
which  have  hitherto  been  procured  only  at  rare  intervals,  either  m  Britain  or  on 
the  Continent,  while  others  are  new  to  science.  Amongst  the  rarer  forms  may  he 
noticed  Lmems  atoms*  Sights  fematm*  Serpentaria  fragHis,  Pofynoe  scoiapendrma, 
Lepidomotu*  ciara,  SpimtheromseMe*,  Gattiota  wpecU&tfi*,  Eteome  /wssZZa,  ScaKbregma 
inftatrnm,  Ophelia  acuminata,  Trarisia  Forbeai>  TerebeOa  mactdata,  TertbeUiata 
stramui,  &c.  The  rare  or  new  forms  come  under  the  genera  Leptoptana,  Seriatim, 
Onunatopiea,  Ltpidcnotms,  LambrimreiSf  Xerimt,  Trophonia,  FhytMoee,  Ctymcne, 
TerebeOa,  ApMMma.tnd  Dmdro*tomM»K 

Attention  was  called  to  the  met  that  every  specimen  of  Pbfynoe  wcokmmdriaa 
was  found  in  the  tube  of  a  littoral  Terebeila.  "This  habit  of  frequenting  the  tubes 
of  other  annelids  is  not  uncommon  in  its  allies.  The  P.  scolopendrina  was  also 
phosphorescent.  * 

The  author  mentioned  that  Mr.  Gwyn  Jefirevs,  F.R.S.  had  iust  placed  in  his 
hands  a  large  collection  of  deep-water  forms  from  the  Hebrides,  so  that  a  con- 
siderable addition  to  the  foregoing  list  might  be  expected* 

On  the  Zones  of  the  Conif era  from  the  Mediterranean  to  the  Crest  of  the 
Maritime  Alps,    By  W.  Moggbidge. 

On  the  Occurrence  of  Lemna  arrhiza  in  Epping  Forest.    By  W.  Moggbidgk. 

On  the  Food  and  Economical  Value  of  British  Butterflies  and  Moths. 
By  0.  Grooh-Napeeb. 
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On  the  Cause  of  the  Variation  in  the  Eggs  of  British  Birds. 
By  0.  Gboom-Napieb. 

On  the  Crustacea,  EcJiinodermata,  Polyzoa,  and  Coslenterata  of  the  Hebrides. 
By  the  Rev.  A.  Merle  No&han. 

On  the  Structure  and  Growth  of  the  Ovarian  Ovum  in  the  Gasterosteus 
Leiuras.  By  Dr.  W.  H.  Ransom. 
The  author  described  the  mode  of  growth  of  the  early  ovarian  ovum,  and  drew 
attention  to  the  contents  of  the  germinal  vesicle,  which  he  showed  to  be  gela- 
tinous ;  to  the  germinal  spots,  which  he  showed  to  be  drops  of  a  thick  fluid,  apt  to 
undergo  singular  changes  of  form,  somewhat  resembling  those  met  with  in  pus  cor- 
puscles; ana  to  the  yelk  sac,  which  he  showed  was  present  at  a  very  early  stage 
of  the  formation  of  the  ega-,  and  he  endeavoured  to  prove  that  it  increased  in  all 
dimensions  by  interstitial  deposition. 

On  the  Systematic  Position  of  the  Pronghorn  (Antilocapra  americana). 
By  P.  L.  Scxateb,  M.A.,  Ph.  D.,  F.R.S. 

The  author  stated  that  his  chief  object  in  the  present  communication  was  to 
bring  into  more  prominent  notice  a  very  important  discovery  regarding  this  animal, 
that  had  been  made  in  the  Zoological  Society's  Gardens  in  the  Regent's  Park 
during  the  past  year,  and  had  formed  the  subject  of  a  paper  read  by  Mr.  Bartlett, 
the  Superintendent  of  the  Gardens,  at  one  of  the  Society's  meetings  in  1866*. 
This  discovery  was,  that  the  horns  of  the  Pronghorn  were  naturally  shed  every  year — a 
phenomenon  hitherto  quite  unknown  among  the  Bovidae  or  hollow-horned  Rumi- 
nants, with  which  the  Pronghorn  had  always  hitherto  been  associated,  and  only 
occurring  in  the  allied  Deer-family  or  Cervidse.  Mr.  Bartlett's  observations  had 
been  made  upon  a  young  male  of  this  scarce  mammal,  which  had  been  acquired 
for  the  Society  in  January  1865fi  and  had  since  lived  in  good  health  in  the  Mena- 
gerie. This  animal  had  shed  both  its  horns  on  the  7th  of  November,  1865 ;  and  a  finer 
pair  had  since  grown,  which  would,  no  doubt,  be  shed  in  like  manner  in  Nov.  1866. 
Since  Mr.  Bamett's  publication  of  this  novel  fact,  full  confirmation  of  it  had  been 
received  by  the  Zoological  Society,  in  a  communication  from  their  Corresponding 
Member,  Dr.  Colbert  A.  Canfield,  of  Monterey,  California,  who  had  come  to  the 
same  conclusion  as  Mr.  Bartlett,  from  observations  on  this  animal  in  a  state  of 
nature  made  in  the  county  of  Monterey,  in  some  parts  of  which  the  Pronghorn  was 
very  common^. 

The  author  exhibited  a  Bkull  of  the  Pronghorn  with  the  horns  fully  developed 
and  ready  to  be  cast  off  shortly,  and  explained  the  mode  in  which  he  supposed  the 
shedding  to  be  effected.  After  the  old  horn  was  cast  off,  the  horny  matter,  which 
-was  at  first  entirely  confined  to  the  upper  end  of  the  new  horn;  gradually  spread 
itself  down  to  its  base,  enveloping  the  numerous  hairs  with  which  the  new  horn 
-was  clothed  when  first  appearing,  and  ultimately  checking  their  growth  and 
destroying  their  vitality.  After  the  horn  was  perfected  and  hardened,  new  hairs 
developed  themselves  beneath  the  epidermis,  and,  not  being  able  to  force  their  way 
through  the  horny  covering,  became,  as  the  author  believed,  the  chief  agent  in 
causing  the  shedding  of  the  norn.  As  regards  the  general  structure  of  the  horns  of 
the  Pronghorn,  it  was  quite  evident  that  they  had  little  or  nothing  in  common  with 
those  of  the  Deer.  The  latter  were  formed  of  bone  developed  upon  a  process  of  the 
frontal  bone,  and  were  more  correctly  termed  antlers,  whereas  the  horn  of  the  Prong- 
horn consisted  of  true  horn  (like  those  of  the  ordinary  Bovidae)  gradually  developed 
from  the  epidermis,  the  skin  remaining  complete  underneath  them. 

Two  otner  points  in  which  the  Pronghorn  differed  from  all  the  other  known 

*  "  Bemarks  upon  the  Affinities  of  the  Prongbuck,"  by  A.  D,  Bartlett*  Superintendent 
of  the  Society's  Gardens.  (Proo.  Zool.  Soo.  1805,  p.  718.) 

t  See  notice  and  figure,  Proc.  Zool.  Soo.  1865,  p.  60,  pi.  3. 

j  See  Dr.  Canfleld's  paper  "  On  the  Habits  of  the  Prongbuck,  and  the  periodical 
shedding  of  its  horns,"  Froo.  ZooL  Soc.  I860,  p.  105.  ' 
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Bovidse,  were  the  furcation  of  the  horns  and  the  absence  of  the  "  false  hoofe,"  as  the 
stunted  terminations  of  the  rudimental  second  and  fifth  digits  of  each  foot  are 
termed,  in  which  latter  respect  it  resembled  the  Giraffes  (Camdopardalis).  These 
three  important  modifications  of  structure;  when  taken  together,  induced  the  author 
to  believe  that  it  would  be  necessary  to  raise  the  genus  Ant&ocapra  to  the  rank  of 
a  family  in  the  series  of  Huminantia,  which  he  proposed  to  arrange  somewhat  as 
given  in  the  subjoined  Table. 

Order  ARTIODACTYLA. 
Division  BTTMINANTIA. 

I.  BuMIVAOTM  PIULAHGIGRADA. 

Placenta     diffusa.      Stomachus     tripartita:     dentes     primores 

1—1  .    .  1— 1         ,  6-6  .   ,  5-5 

— ,  camm  —v  molares  — ,  aut  — : 

II.  RuMlNANTIA  UNGULIGRADA. 

a.  Placenta  polycotyledonaria.    Stomachus  quadripartitus :  denies 
primores  J*~~ ° ;  canini  -— ,  aut  .-^-  ;  molares  ?^?. 

3— — 3  1—1  1—1  6     6 

a'  Pedes  didactyli,  ungulis  succenturiatis  nullia. 

(a".  Cornua  in  sutura  coronali  posits,  ossea,  brevia,  pelle 
tecta  2. 
b".  Cornua  ex  osse  frontali  orta  basi  ossea,  parte  superiore 
cornea,  furcata,  decidua 3.  Antilocapridc 

b\  Pedes  tetradactyli  ungulis,  succenturiatis  duabus. 

fc".  Cornua  ex  osse  frontali  orta,  basi  ossea,  parte  supe- 
riore cornea,  non  furcata,  permanentia 4.  Bovidm. 
d".  Cornua  ex  osse  frontali  orta,  omnino  ossea,  decidua...  5.  CervicUt. 
e".  Cornua  nulla,  dentes  canini  roarium  exserti 6.  Afoschid* 


pedes  didactyli 1.  CameHdm. 


Camebpardatidm. 


b.  Placenta  diffusa. 


Stomachus  tripartitus ;  dentes  primores  — ; 


canini  — ,  molares —  ;  pedes  tetradactyli;  cornua  nulla  7.  TragvHd*. 

In  conclusion  the  author  called  attention  to  the  geographical  distribution  of  the 
Ruminants,  as  shown  in  the  subjoined  Table,  in  which  the  geographical  divisions 
employed  were  the  same  as  those  used  by  the  author  in  his  paper  on  the  distribu- 
tion of  Birds*,  but  which  he  believed  to  be  equally  applicable  to  the  class  of 
Mammals. 

Table  of  the  Distribution  of  Buminants. 


Orbis 

\  NOVUS. 

Orbis  axtiqcus. 

oi 

Begio 
Neo  tropica. 

Begio 
Nearctica. 

Begio 
Palaearctica. 

Begio 
jEthiopica. 

Indioa. 

II 

< 

1 .  CamelidflG             . 

Camrtus 

CamelopardoJis 

Antihpe 
Capra 

Aniihpe 

Capra 

Ovis 

2i  Camelopardalidae  < 
3.  Antilocapridfe    

Auchenia 

r 

AntUocapra 
(Haplocems) 

Antibpe 

Capra 

Ovis 

Bos 

I  Tarandus 

iCervus 

4.  Sovido  ....< 

...::::.:::;::: 

i 

Ovis 

Ovibos 

Bos 

Tarandus 

Cervu8 

5.  Corvidffi  ......... 

Bos 

Bos         I 

1 

\Cervu3 

Ccrvus 

ft.  Moschidre  ...«•*...  . 

Cervuha  . 

i               I 

1::::::::::::::: 

iMoschns 
i • 

Hyomosckus 

7.  TragulicUe j  

Trapefas 

1 

*  Journ.  Proc.  Linn.  Soc,  ii.  p.  130. 
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On  the  Distribution  of  Mosses  in  Great  Britain  and  Ireland  as  affecting  the 
Geography  and  Geological  History  of  the  present  Flora.     By  John  Shaw. 

Notes  on  the  Structure  of  the  Echinoidea  regularia,  with  Special  Reference 
to  their  Classification.     By  C.  Stewart. 

On  the  Traces  of  an  Irish  Lake  Dwelling,  found  by  Captain  I/Estrango,  in 
the  County  of  Cavan.     By  W.  Tennant. 

On  a  Remarkable  Mode  of  Gestation  in  an  undescribed  Species  of  Anus. 

By  Professor  W.  Turner,  M.B.,  FB.S.E. 
In  this  paper  a  new  species  of  Arius,  from  Ceylon,  which  the  author  named  A. 
Boakeii,  after  the  Rev.  Barcroft  Boake,  of  Colombo,  Ceylon,  by  whom  it  was  first 
sent  to  this  country,  was  described.  This  fish  lays  eggs  about  the  size  of  small 
bullets,  which  the  male  fish  takes  into  his  mouth  and  retains  there  until  the  young 
are  ready  to  leave  the  egg.  About  twelve  eggs  come  to  intra-ovarian  maturity  at 
one  time,  which  is  the  number  that  the  male  can  hold  in  his  mouth.  Although 
Messrs.  Wyman,Gunther,  and  Agassiz  have  described  American  fish  which  have  the 
same  habit,  this  is  the  first  specimen  of  a  fish  of  the  Old  World  in  which  this  re- 
markable mode  of  incubating  the  ova  has  been  observed.  The  paper,  with  various 
anatomical  and  zoological  details,  is  printed  m  externa  in  the  '  Journal  of  Anatomy 
and  Physiology/  November  1806. 

On  Reversed  Sexual  Characters  in  a  Butterfly,  and  their  Interpretation  on  ike 
Theory  of  Modifications  and  Adaptive  Mimicry  {illustrated  by  specimens). 
By  A.  R.  Wallace. 
The  author  exhibited  a  Malayan  butterfly  (Di<xdema,  n.  sp.)  the  male  of  which 
was  of  a  dull  brown  colour,  while  the  female  was  richly  glossed  with  metallic  blue 
•—colours  which  in  all  the  allied  species  are  characteristic  of  the  male  sex.  He 
then  showed  that  the  female  butterfly  so  closely  resembled  the  very  common  EupUea 
midamus  that  it  could  not  be  distinguished  from  it  on  the  wing.  The  EupUea,  and 
the  whole  family  Danaidae  to  which  they  belong,  as  well  as  the  Heliconidse  of 
South  America,  are  protected  groups,  and  are  the  subjects  of  imitation  by  many 
other  butterflies  and  moths.  The  special  protection  the  DanaideB  possess  was  sup- 
posed to  be  their  very  strong  and  peculiar  odour,  which  rendered  them  distasteful 
to  insectivorous  birds ;  and  the  reason  why  the  female  only  of  the  Diadema  had 
acquired  protection  by  closely  resembling  the  Euvkea  was,  because  in  all  insects  the 
female  is  of  more  importance  than  the  male,  ana  it  is  necessary,  in  order  to  ensure 
the  continuance  of  the  race,  that  her  life  should  be  preserved  while  she  is  engaged 
in  depositing  her  eggs.  This  was  held  to  be  a  crucial  instance  of  the  truth  of  the 
Darwinian  hypothesis ;  as  what  appeared  at  first  sight  a  strange  and  unaccountable 
anomaly,  was  shown  to  be  under  certain  conditions  the  necessary  consequence  of 
the  "  preservation  of  favourable  variations  in  the  struggle  for  life." 

The  Poor  Man's  Garden.    By  N.  B.  Ward,  F.R.S. 

On  some  points  in  the  Structure  of  Limulus,  Recent  and  Fossil. 
By  Hexrt  Woodward,  F.ZJ8.,  F.G.S.,  <fec. 

In  this  communication  the  author  pointed  out  that  although  the  classification 
proposed  by  Professor  M'Coy  for  Limuhts,  Belinurus,  and  Eurypterus  in  1840  was 
iounded  upon  very  imperfect  data,  yet  subsequent  researches  tended  to  show  that 
a  near  relationship  did  exist  between  the  Xiphosura  and  the  Eurypterida. 

Mr.  Woodward  cited  the  published  observations,  descriptions,  and  figures  of 
species  belonging  to  these  two  groups,  bv  Professors  Agassiz  and  Hall  (in  America}, 
Vr.  Nieszkowski  (in  Russia),  Professor  Huxley  and  Mr.  J.  W.  Salter  (in  England), 
and  Mr.  W.  II.  llaily  (in  Ireland),  and  he  likewise  referred  to  his  own  investi- 
gations in  confirmation  of  his  views. 
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The  author  entered  at  some  length  into  the  anatomical  structure  of  Limvlm. 
Belinurus,  Eurypterus,  Stylomtrus,  Pterygotus,  Heiniaspis,  Sec,  in  order  to  show  that 
by  a  series  of  intermediate  forms  which  have  of  late  years  become  known,  he  was 
able  to  reconcile  the  apparently  wide  diversity  existing  between  Pterygotu*  and 
Limulus ;  and  he  submitted  that  they  may  appropriately  form  two  subdivisions  of 
the  order  Merostomata  of  Dana. 

These  views  have  since  been  published  by  Mr.  Woodward  at  length  in  the  Quart. 
Journ.  Geol.  Soc.  London,  vol.  xxiii.  (No.  89,  Jeb.  1,  1867,  p.  28)  with  illustration?. 


See  also  monographs  of  the  Palceontographical  Soc  for  1865  (Dec,  1866),  Pt  L  of 
the  Merostomata. 

Notes  on  Lithosia  caniola.    By  Dr.  E.  Perceval  Wright,  F.LJS. 
This  species  was  discovered  by  Mr.  Barrett  on  the  Hill  of  Howth,  near  Dublin, 
in  1860—-8O  very  local  was  its  habitat  that  it  might  be  said  to  be  found  only  on  one 
closely  sheltered  bank  on  the  south  side  of  the  hilL     Since  1860,  many  specimens 
have  been  taken  by  Mr.  Birchall,  Mr.  Dunlop,  and  the  writer ;  and  the  limits  of 
the  species,  so  far  as  Howth  is  concerned,  would  seem  to  be  on  the  increase.     How 
this  South  European  insect  obtained  a  settlement  on  one  point  of  the  Irish  coast 
and  in  no  other  part  of  the  British  Islands,  was,  Mr.  Birchall'  confessed,  a  curious 
problem,  which  ne  ventures  to  solve,  by  supposing  it  may  have  been  introduced  in 
the  larva  state  among  moss  and  lichens,    in  the  spring  of  1866  Dr.  Wright  was 
botanizing  on  the  coast  of  Waterford,  when  he  was  struck  by  the  close  similarity  in 
appearance  between  certain  portions  of  the  Tramose  strand,  and  that  where  the  JL 
caniola  was  found  at  Howth :  it  had  the  same  aspect,  the  same  plants,  and  was  just 
the  place  where  one  would  expect  to  find  the  species ;  but  it  was  too  early  in  the 
season  for  it.    In  the  course  of  the  summer  Dr.  Wright  requested  his  brother  to  col- 
lect all  the  Lithosia  to  be  met  with  at  the  place ;  and,  as  he  had  anticipated,  JL  caniola 
was  among  them j  one  of  the  specimens  was  slightly  different  from  the  ordinary 
form  of  Caniola.      In  addition  to  adducing  this  new  locality  for  this  insect,  Dr. 
Wright  mentioned  his  belief  that  L.  caniola  was  little  more  than  a  climatal  variety 
of  such  a  form  as  L.  complanula. 

Botanical  Notes  of  a  Tour  in  the  Islands  of  Arran,  West  of  Ireland. 
By  Dr.  E.  P.  Weight,  F.LJ8. 

The  islands  consist  of  limestone,  forming  on  their  western  sides  high  frowning 
headlands,  and  on  those  facing  Galway  Bay  a  series  of  coarse  shingly  beaches,  in- 
terrupted here  and  there  by  several  sandy  bays.  The  surface  of  the  larger  island 
presents  the  appearance  of  a  series  of  gigantic  tombstones  arranged  in  vast  tiers, 
the  interspaces  oetween  the  large  slabs  of  stone  and  the  faces  of  the  terraces  con- 
taining almost  all  the  plants  to  oe  found  on  the  island.  Dry  stone  walls  abound 
everywhere,  sometimes  enclosing  plots  of  ground  only  a  few  feet  square ;  and  by 
the  nelp  of  these  enclosures  some  few  crops  are  sown  and  garnered.  In  some  cases 
the  potatos  are  planted  on  the  bare  rock,  and  covered  over  with  a  basketful  of 
earth  and  seaweed ;  in  others  the  rock  gets  covered  over  with  a  thin  sod,  which 
supplies  a  precarious  nourishment  to  a  few  sheep  brought  from  the  mainland. 
Dr.  Wright  staved  eleven  days  on  the  island,  visiting  now  and  then  the  middle 
and  south  islands.  The  weather  was  most  unfortunate,  and  scarcely  a  day  passed 
over  without  rain,  while  a  strong  north-west  wind,  blowing  with  great  force,  made 
the  constant  jumping  over  stone  walls  particularly  trying.  The  season  was  too  far 
advanced  for  many  of  the  characteristic  Arran  Island  plants;  still  a  sufficient 
number  of  interesting  species  were  met  with.  Dr.  Wright  first  enumerated  the 
list  of  species  actually  collected,  for  convenience  of  reference  using  the  nomen- 
clature of  the  '  Cybele  Hibernica '  of  Dr.  Moore  and  A.  G.  More,  the  publication 
of  which,  though  too  late  this  year  to  do  much  for  Irish  botany,  would,  ne  doubted 
not,  mark  a  new  era  in  the  investigation  of  this  subject  He  next  proceeded  to 
mention  those  plants  which  might  be  considered  remarkable  or  rare,  or  which  had 
not  as  yet  been  recorded  as  found  in  the  district  marked  VI.,  according  to  the 
scheme  adopted  in  the '  Cybele.'  Among  these  he  alluded  to  the  Aqutiegia  txdgarit, 
found  on  the  northern  part  of  the  large  island;  SelianthemHm  eanum,  Scdmm 
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Hhodiola,  OenUana  verna,  of  which  nothing  but  tho  leaves  remained ;  Solatium 
dulcamara,  Marrubium  vulgare,  Allium  Babinytonii,  found  on  all  the  islands,  and 
very  widely  scattered  over  the  large  islands;  Adiantum  capillus- veneris,  &c. 
Several  common  plants,  such  as  Sisymbrium  officinale,  Cochlearia  officinalis,  Torilis 
nodosus,  &  a.  were  mentioned  simply  to  supply  the  deficiency  in  this  respect  in  the 
'  Cybele.'  On  the  exposed  western  side  of  the  island  many  ordinarily  met  with 
plants  were  remarkable  for  their  peculiar  stunted  growth.  Thus  the  samphire, 
which  grew  in  the  greatest  abundance,  was  found  in  full  flower,  and  yet  hundreds 
of  the  plants  were  not  more  than  three  inches  in  height ;  and  plants  of  Sedum 
rhodicla  were  met  with  scarcely  more  than  two  inches  in  height.  In  all  such 
cases  the  plants  were  growing  in  the  chinks  between  the  stones.  A  dwarfed  con- 
dition of  growth  was  not,  however,  by  any  manner  of  means  the  rule,  for  under 
favourable  conditions  fronds  of  the  Maiden-hair  fern  were  found  twenty  inches  in 
length.  Specimens  of  Verbascum  thaptus  were  met  with  nearly  five  feet  high ; 
ana  in  one  instance  a  cluster  of  that  fine  thistle,  Silt/bum  marianum,  was  seen 
three  or  four  of  the  flowering-stalks  of  which  were  five  feet  four  inches  in  height. 
Dr.  Wright  next  proceeded  to  contrast  the  Flora  of  the  Arran  Islands  with  that  of 
the  coast  of  Clare,  referring  to  Mr.  Foot's  very  interesting  paper  on  the  Burren 
flora,  in  the  Transactions  of  the  Royal  Irish  Academy,  for  this  purpose ;  and  sug- 
gested that  the  general  affinity  of  the  flora  was  rather  to  the  Clare  than  to  the 
Galway  coast.  This  would  at  first  sight  be  expected,  seeing  that  Arran  is,  geolo- 
gically speaking,  but  an  extension  of  Clare.  Almost  every  plant  met  with  on  the 
islands  is  met  with  in  the  Burren  district,  and  vice  mend,  whereas  many  plants  are 
met  with  in  the  Connemara  district  which  are  not  found  either  in  Clare  or  Arran. 
The  inhabitants  are  indebted  altogether  to  the  mainland  for  their  supply  of  fuel : 
and  the  turf  which  they  chiefly  use  is  brought  from  the  immediate  neighbourhood 
of  Roundstone  and  Birterbuie  Bay.  To  this  circumstance  Dr.  Wright  was  inclined 
to  ascribe  the  appearance  of  some  few  plants  which  were  found  very  plentifully 
"  about  the  villages  of  Kilronan  and  Kilmeany,  and  yet  not  at  all  inland,  such  as 
Cbronopue  didyma,  Urtica  wrens,  &c.  In  conclusion,  Dr.  Wright  trusted  that 
these  notes,  made  under  very  disadvantageous  circumstances,  might  not  be  without 
some  interest  Every  one,  he  thought,  was  bound  to  contribute  what  he  could 
(no  matter  how  small  that  contribution  might  be)  to  make  our  knowledge  of  the 
flora  of  Ireland  complete. 


Physiology. 

Address  by  Professor  Humphry,  F.R.S. 
It  is,  I  feel,  no  small  honour  to  be  called  upon  to  preside  over  this  section,  which 
represents  the  very  highest  branch  of  physical  science.  I  say  the  highest  branch 
ofphysical  science,  because  it  has  to  deal  with  the  highest  and  broadest  of  physical 
problems.  The  animal  frame,  which  it  is  our  work  to  investigate,  stands  at  the 
summit  of  the  great  physical  cone,  with  man  at  the  apex,  by  whom  it  is,  as  it  were, 
slung  from  heaven,  in  whom  the  material  is  worked  up  to  the  point  of  contrast 
with,  and  made  subservient  to,  the  purposes  of  the  spiritual.  Indeed  so  complex  is 
the  animal  organism,  so  intricate  and  varied  are  the  questions  in  physiology,  that 
it  is  apt  to  pass  out  of  the  range  of  science,  and  become  too  much  a  matter  of  spe- 
culation ana  an  object  of  mystery ;  so  that  there  is  some  danger  of  its  being  de- 
graded by  the  very  difficulties  and  features  which  should  really  place  it  in  the  high- 
est position  among  sciences. 

Infinitely  varied  in  its  forms  and  structure,  suited  to  every  conceivable  condition, 
where  air,  moisture,  and  heat  are  present,  vet  developed  from  one  simple  type, 
composed  of  various  elements  combined  in  the  most  intricate  manner  with  endless 
modifications  of  mechanical,  chemical,  and  electrical  processes,  besides  others  which 
it  is  scarcely  possible  to  recount  or  observe,  much  less  to  comprehend,  and  which 
we  group  under  the  term  "vital,"  the  animal  machine  presents  interests  for  every 
mind,  puzzles  for  every  genius,  and  challenges  the  whole  army  of  science  and  phi- 
losophy through  all  coming  ages  to  concentrate  their  foe  and  attempt  even  their 
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outer  works.    Impelled  by  the  irresistible  impulse  for  knowledge,  cheered  by  ( 
tinual  victory,  we  march,  and  not  slowly,  ever  onwards,  and  value  our  laurels  i 
the  less  because  each  fresh  one  tells  of  more  that  must  be  won,  and  shows  the  final 
goal  receding  as  we  near  it. 

Finding,  as  we  do,  that  the  animal  machine  is  the  resultant  of  all  the  properties 
or  forces  of  matter,  combined  and  harmonised  by  that  most  mysterious  of  them 
which  we  call  the  "vital  force,"  we  claim  as  fellow  labourers  the  workers  in  every 
division  of  science,  and  watch  with  interest  each  discovery,  knowing  that  in  what- 
ever direction  it  is  it  has  a  bearing,  more  or  less  direct,  upon  our  own  study,  wel- 
coming all,  digesting  and  appropriating  what  we  can. 

Both  as  regards  the  ground,  therefore,  which  has  been  already  turaedL  and  that 
which  remains  to  be  explored,  physiology  affords  the  grandest  field  for  labour  and 
provides  occupation  for  every  faculty,  in  no  other  science,  perhaps,  do  observation 
and  reflection  so  distinctly  stimulate  and  help  one  another.  It  is  chiefly  by  clear 
reasoning,  by  induction  from  ascertained  facts,  that  physiology  is  to  be  studied  and 
advanced ;  and  though  a  short  flight  into  the  regions  of  imagination  now  and  then 
may  show  a  beacon  light  and  help  us  better  to  track  the  path  to  knowledge,  the 
lights  there  seen  are  too  commonly  ignesfattU,  exciting  and  misleading.  Hence  the 
study  of  physiology  is  one  of  the  best  exercises  of  the  mind  j  and  the  greater  ap- 
preciation of  it  as  such  is  being  shown  by  the  admission  of  it,  slowly  and  cautiously 
it  is  true,  into  our  educational  system.  It  is  taking  its  place  in  our  Universities  2 
and  I  am  convinced  that  it  and  the  other  branches  of  natural  science  will  be  found 
at  least  as  suitable  instruments  for  cultivating  and  strengthening  the  various  facul- 
ties of  the  mind,  particularly  those  of  observation  and  reflection,  as  any  of  the  more 
favoured  educational  subjects.  In  looking  to  the  future  of  young  England,  and  in 
prospects  in  the  struggle  (the  hard  struggle),  I  will  not  say  for  existence,  but  for 
position  among  nations,  that  seems  to  be  impending,  one  cannot  but  feel  that  very 
much  must  depend  upon  the  effectual  development  of  the  mental  faculties.  It  has 
been  by  force  of  mina  and  not  by  force  of  coal  that  our  country  has  been  raised  to  * 
its  present  height  We  must  look  to  the  same  power  to  keep  "her  in  the  full  front 
of  nations.  It  is  not  the  bayonet,  it  is  not  the  needle-pun,  but  the  mind  that  con- 
ceives and  the  energy  that  makes  and  wields  them,  which  gain  the  victory.  If,  as 
I  am  sometimes  disposed  to  think,  the  old  educational  sou,  upon  which  so  many 
generations  have  been  trained,  is  in  some  degree  wearing  out,  it  will  surely  be  none 
the  less  productive  for  the  introduction  of  new  elements ;  at  any  rate  they  wOl 
bring  out  fresh  powers  to  meet  the  changing  circumstances  of  the  times.  1  will 
not,  however,  detain  you  with  this,  but  pass  on  to  one  or  two  other  matters. 

For  the  higher  reasoning,  combining,  and  analytic  faculties,  abundant  scope  and 
exercise  will  be  found  in  the  attempts  to  unfold  the  laws  by  which  we  grow,  and 
move,  and  have  our  being ;  and  full  reward  is  given  by  the  glimpses,  from  time  to 
time,  we  obtain  of  the  wondrous  workings  of  creative  power.  Ak  an  illustration  of 
this,  I  need  only  mention  the  discovery  of  development  by  cells,  a  discovery  whkh 
is,  perhaps,  second  only  to  that  of  gravitation,  evincing  as  it  does  a  simple,  uniform 
law,  underlying  and  working  out  the  vastly  diverse  forms  and  structures  of 
vegetable  and  animal  life.  Surely  the  knowledge  that  the  tough  oak-plank, 
the  blade  of  grass,  the  lion's  claw,  the  contracting  muscle,  and  the  thinking 
brain  all  emanate  from  simple  forms  which,  so  far  as  we  can  tell,  are  per- 
fectly alike,  and,  further,  that  the  entire  plant  or  animal  also  emanate  from  a 
single  form  or  cell  which  is  undistinguishable  from  the  rudiments  of  its  several 
parts,  is  as  full  of  interest  and  as  suggestive  of  high  thought  as  any  one  of  the 
fragments  of  knowledge  which  man  has  worked  out  for  himself  in  the  whole  range 
of  physical  science ;  and  what  better  exercise  can  there  be  than  teaching  the  ope- 
ration of  the  great  law  of  uniformity  of  plan  from  this  simple  starting-point,  and 
witnessing  the  manner  in  which  it  holds  its  ground  through  all  the  infinite  modifi- 
cations by  which  plants  and  animals  are  adapted  to  their  several  positions  and  to 
one  another. 

The  microscope  has  lately  been  to  physiology  much  what  the  steam-engine  has 
been  to  manufacture  and  transit;  it  has  opened  up  new  regions  for  observation, 
and  given  an  entirely  new  direction  to  our  thoughts.  The  structure  of  the  several 
issues  and  organs  has  probably  been  made  out  as  far  as  the  present  means  permit^ 
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and  we  are  occupied  now  in  investigating  their  mode  of  formation  and  connexion 
with  one  another.  There  seems  much  reason  to  think  that  they  are  more  closely 
related,  more  continuous,  than  we  have  been  in  the  habit  of  regarding  them.  There 
is  now  little  doubt  of  the  continuity  of  the  nerve-fibres  and  the  nerve-vesicles ;  and 
it  is  not  improbable  that  the  other  parts  of  the  nerves  are  continuous  with  the 
several  tissues  among  which  they  ramify,  with  the  deeper  prolongation  of  epithe- 
lium, with  the  elementary  structure  of  muscle,  and  with  the  filaments  of  areolar 
tissue.  The  continuity  ot  the  areolar  tissues  with  serus,  fibres,  and  mucus  mem- 
brane on  the  one  hand,  and  with  the  intimate  structure  of  the  various  organs  on 
the  other,  is  more  clearly  shown,  and  a  very  general  and  extensive  continuity  is 
thereby  established.  The  cornea  is  continuous  with  the  sclerotic,  and  so  with  the 
eperi  sheath  and  dura  mater.  Even  epithelium,  which  we  were  wont  to  regard  as 
a  distinct  external  and  easily  separable  sheath,  is  found  to  send  its  filamentary 
prolongations  into  the  subjacent  organs,  which  become  blended  with  the  areolar 
and  nervous  and  perhaps  with  the  lymphatic  systems.  The  epithelium  of  the 
glandular  tubes  is  in  some  organs  undistinguiehable  from  the  celts  which  occupy 
the  stigma.  The  blood-vessels  in  many  animals  are  continuous  with  the  areola  of 
the  tissues ;  and  in  all,  the  ultimate  circulation  take  place  through  the  tissues,  the 
nutritious  fluid  passing  freely  to  and  fro  between  their  interstices  and  the  interior 
of  the  capillaries  where  capillaries  are  present.  We  are  thus  reminded  of  the  fact 
that  in  weir  embryonic  period  the  several  structures,  or  the  potential  rudiments 
of  them,  were  all  blended  in  a  homogeneous  germinal  mass ;  and  we  learn  that 
though  they  have  become  differentiated  they  have  not  become  separated,  but  re- 
tain in  their  mode  of  connexion  the  traces  of  their  common  parentage  and  of 
their  early  continuity.  Such  a  blending  of  ultimate  tissue,  as  a  remnant  of  em- 
bryonic condition,  assists  us  to  explain  many  things,  such  as  the  transfer  of  im- 
pressions and  what  we  call  sympathy,  that  are  at  present  difficult  to  understand! 
.  and  is  an  additional  illustration  of  the  simple  method  by  which,  in  nature's  works, 
great  ends  are  attained. 

We  perhaps  scarcely  realize  and  appreciate  the  bearings  of  the  fact  that  all  the 
various  tissues  are  formed  from  a  primitive  homogeneous  and  continuous  plesina,  by 
the  formation  and  separation  from  one  another  of"  portions,"  "centres,"  "  masses, 
"cells,"  or  whatever  we  please  to  call  them,  and  their  development  into  structure  ; 
attention  has  been  directed  almost  exclusively  to  the  formation  and  development 
of  these  masses  and  too  little  to  their  separation,  though  the  latter  is  a  process 
little,  if  at  all,  less  important  than  the  former,  and  must  be  effected  by  something 
analogous  to  what  we  call  abruption.  Indeed  the  work  of  abruption,  or  hollowing 
out,  during  the  embryonic  state  is  little  less  active  than  that  of  secretion  or  building 
up.  We  are  familiar  with  its  work  in  the  formation  of  the  areola  and  cavities  of 
bone,  in  the  removal  of  the  parts  of  the  iris  and  eyelids  that  do  not  become  deve- 
loped into  permanent  structure ;  but  we  are  not  perhaps  sufficiently  impressed  with 
the  fact  that  the  various  cavities,  canals,  and  spaces  in  the  interior  of  the  body  are 
due  to  the  same  progress,  and  that  the  failure  or  arrest  of  it  may  be  the  cause  of 
many  of  the  so-called  adhesions  of  seams  and  other  surfaces,  of  the  imperforate  con- 
dition of  canals,  and  the  union  of  parts  that  should  be  free.  The  transition  from 
the  investigation  of  the  fine  processes  of  the  animal  organism  to  the  consideration 
of  the  forces  by  which  they  are  brought  about  is  a  natural,  a  necessary  step,  though. 
I  need  scarcely  say,  it  takes  us  into  a  region  where  advance  must  be  slow  ana 
where  difficulties  seem  almost  insurmountable.  We  are  probing  more  into  the  very 
deepest  recesses  of  nature,  and  inquiring  into  her  closet  secrets.  We  feel  ourselves 
here  almost  to  be 

"  Children  crying  in  the  darkness, 

Children  crying  for  the  light, 

And  with  no  language  but  a  cry." 
Yet  cry  we  must,  and  in  time  we  shall  gpet  some,  though  perhaps  never  a  full  reply  5 
indeed  when  the  questions  that  here  arise  shall  have  been  fully  answered,  when 
man  shall  be  entirely  satisfied  as  to  the  essential  nature  and  the  first  causes  of  that 
which  he  sees,  when  these  deep  problems  shall  be  worked  out,  when  the  penetralia 
of  nature's  temple  shall  be  thoroughly  explored,  science  will  have  told  its  tale,  and 
the  physical  world  will  cease  to  afford  its  arousing  interest  for  us.    Of  such  satiety 
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we  need  have  no  apprehension.  Increasing  knowledge  only  farther  shows  our 
ignorance,  that  kind  of  ignorance,  at  lea?t,  which  girts  more  stimulus  to  know- 
ledge ;  and  thus  the  acquisition  of  knowledge  and  the  attendant  consciousness  of 
ignorance  together,  carry  us  on  till  the  time  when  we  shall  know  as  we  are  known. 
It  is  quite  clear  what  we  call  chemistry,  with  its  attendants  heat  and  elec- 
tricity, plays  •  most  important  part  in  the  animal  machine ;  and,  probably,  more 
■  information  as  to  the  nature  of  the  organic  processes  is  to  be  expected  from  their 
chemical  study  than  in  any  other  way.  We  hare  found  out  that  there  is  a  very 
close  relation' between  a  complete  atomic  formula  and  the  Thai  ptocrawr*,  die 
amount  of  chemical  tension  which  is  expressed  by  the  former  being  commensurate 
with  the  character  of  the  latter,  and  the  amount  of  chemical  change  which  takes 
place  in  the  textures  being  commensurate  with  the  activity  of  the  vital  processes. 
There  seems  good  reason  to  believe  that  a  muscular  fibre  is  the  container  of  a  given 
amount  of  chemical  force  compressed  by  the  medium  of  a  high  chemical  formula, 
and  existing,  therefore,  in  a  high  state  of  tension,  that  during  its  construction  the 
force  is  set  free  by  the  decomposition  of  its  structure,  that  is,  by  the 
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lotion  of  its  component  elements,  chiefly  by  a  process  of  oxidation,  to  1 
formula  or  a  state  of  lower  tension,  at  the  same  time  that  heat  is  evolved  and  elec- 
trical changes  take  place,  though  the  latter  are  not  yet  distinctly  defined.  It  is 
impossible,  therefore,  to  avoid  the  application  here  of  the  doctrine  of  contractile 
force,  which  is  being  so  clearly  worked  out  in  the  inorganic  world,  and  which 
seems  to  be  the  greatest  advance  that  has  for  some  time  been  made  in  our  know- 
ledge of  the  laws  of  matter.  We  can  scarcely  doubt  that  the  chemical  force  which 
is  set  free  during  the  decomposition  attendant  upon  muscular  action  is  the  equiva- 
lent of  the  contractile  force  that  is  evinced  and  of  the  heat  that  is  evolved.  In 
other  words,  a  muscle  may  be  regarded  as  the  medium  by  which  force  is  accumu- 
lated, rendered  latent,  or  condensed  in  a  condition  of  high  chemical  tension,  and  is, 
from  time  to  time,  as  occasion  may  require,  set  free  and  converted  into  muscular  or 
contractile  force  and  heat. 

It  seems  probable  that  such  is  the  case,  and  we  mar  look  for  the  more  clear 
demonstration  of  it  with  some  confidence  as  a  real  gain  to  physiology,  inasmuch 
as  certain  of  the  animal  formations  will  be  thus  withdrawn  from  the  mysterious 
resion  of  life  into  the  more  intelligible  domain  of  science. 

riot  that  we  must  make  too  much  of  this  and  be  too  proud,  and  assume  that, 
because  we  are  able  to  refer  a  little  more  of  animal  process  to  the  ordinary  pheno- 
mena of  matter,  we  may  relinquish  the  idea  of  a  vital  agency  altogether.  Let  us 
first  remember  that  we  really  know  very  little  of  those  phenomena,  not  much  more 
than  we  do  about  life.  Attraction  and  chemical  affinity,  heat,  light,  electricity, 
magnetism,  and  motion,  are  all  expressions  for  forces  of  the  nature  of  which  we 
are,  and  perhaps  shall  ever  remain,  ignorant  They  may  be,  and  probably  are, 
modifications  of  one  force,  and  one  force  showing  itself  in  different  ways;  and  it 
is  something  to  arrive  at  this.  It  may  be  that  life  is  another  modification  of  the 
same  force ;  and  it  will  be  something  more  to  arrive  at  that.  We  need  not  shrink 
from  such  a  result;  but  we  have  not  yet  attained  to  it,  and  have  no  right  to  pre- 
judge that  it  is,  or  that  it  is  not,  and  to  quarrel  with  those  who  hold  a  different 
opinion.  Suffice  it  to  admit  that  there  is  still  much  in  vegetables  and  animals  that 
we  cannot  explain  by  reference  to  the  ordinary  laws  of  nature,  and  which  we  refer 
to  another  law  or  power  and  call  it  life.  For  instance,  in  the  case  of  muscle  just 
alluded  to,  though  the  state  of  chemical  tension  may  explain  much,  we  know  not 
how  that  tension,  that  complex  formula,  is  brought  about ;  we  cannot  approach  to 
an  imitation  of  it  We  know  not  how  it  is  maintained.  We  know  not  how  the 
force  so  pent  up  is  liberated  and  converted  into  muscular  action.  We  cannot  ex- 
plain these  phenomena,  much  less  those  of  growth  and  development,  by  reference 
to  the  chemical  or  other  properties  of  matter,  and  until  we  can,  we  must  be  content 
to  fell  back  upon  the  additional  mysterious  agent  of  life. 

So  with  certain  other  vexed  questions  which  are,  in  some  measure,  allied  to  this 
one.  Can,  or  rather  does,  any  combination  of  the  ordinary  forces  of  matter  ever 
lead  to  the  phenomena  of  life  r  If  they  are  proved  to  be  correlative  with  the  vital 
force  it  might  seem  that  some  show  of  probability  would  be  given  to  such  a  view. 
But  we  must  remember  that  for  the  manifestation  of  vital  force  a  living  being  is, 
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so  far  as  our  observation  at  present  goes,  absolutely  necessary ;  that  is,  life  has 
never  been  known  without  a  living  being,  without  a  form,  without  a  medium  for 
the  exercise  of  the  vital  force,  just  as  there  is  no  manifestation  of  attraction  or 
heat  without  the  medium  (matter)  through  which  they  act.  Thus  we  are  im- 
paled upon  the  horns  of  the  dilemma — life  is  not  manifested  without  a  living  being 
or  medium,  and  the  medium  cannot  exist  without  life — a  dilemma  from  which  our 
knowledge  of  the  properties  of  matter  is,  so  far  as  I  can  see,  unequal  to 
rescue  us;  and  our  only  refuge  is  in  the  admission  of  a  creative  power  to 
which  the  medium  and  properties  of  life,  in  the  same  way  as  the  medium 
and  ordinary  properties  of  matter,  owe  their  simultaneous  existence.  We  must 
allow  this  for  the  present,  without  reference  to  the  future  progress  of  discovery ; 
and,  without  being  seduced  into  that  over-much  wisdom  which  is  another  expres- 
sion for  folly,  must  be  content  to  reason  from  what  we  know.  Further  observation 
may  supply  other  bases  for  our  reflection  and  widen  the  area  of  our  thoughts  by 
showing  that  matter  is  endowed  with  properties  which  enable  it  to  aggregate  into 
living  forms,  but  no  sufficient  ground  for  such  an  assumption  has  yet  been  given. 

A  subject  for  investigation,  nearly  akin  to  that  last  mentioned,  and  which  may, 
perhaps,  some  day.  tend  to  throw  some  light  upon  it,  is  the  transition  from  life  to 
aeath;  a  change  wnich,  under  ordinary  circumstances  takes  place  in  the  most  deli- 
cate, insensible  manner ;  so  that  it  is  impossible  to  say  when  and  how  life  ends  and 
death  begins,  I  speak  not  of  that  wide  and  sudden  termination  of  the  body's  life 
from  disease  or  decay  (that  somatic  death)  which  we  usually  associate  with  the 
word  "  death,"  but  which  is  in  nature  comparatively  so  rare  that  it  may  probably 
rather  be  regarded  as  exceptional  and  abnormal  than  natural.  I  refer  to  the 
mode  in  which  the  parts  of  the  ultimate  tissue  of  the  body  become  changed  and 
cease  to  exist,  a  process  so  fine  as  to  elude  observation  and  to  prove  that  the  boun- 
dary line  between  life  and  death  is  hard  to  define.  Even  in  the  instance  of  the 
cuticle,  a  structure  comparatively  under  the  eye,  as  we  watch  the  transition  of  the 
spherical  deeper  components  to  the  flattened  forms  of  the  superficial  strata,  and 
the  disintegration  of  the  latter,  partly  by  external  influences,  we  are  at  a  loss  to 
decide  where  living  force  ends ;  indeed  there  seems  to  be  no  point  at  which  that 
can  be  said  to  take  place.  And  if,  with  regard  to  the  components  of  it  and  the 
other  tissues,  we  assent  to  the  view  that  their  external  or  "  formed  "  parts  are  life- 
less and  their  internal  or  "  germinal "  parts  are  alone  endued  with  living  properties, 
we  still  have  to  ask,  Where  is  the  division  between  the  two?  Where  does  the 
"  germinal "  or  living  end,  and  the  "  formed "  or  lifeless  begin,  and  how  is  the 
latter  done  away  with  P  Clearly  it  is  not  by  an  abrupt  disintegration  or  solution, 
but  by  some  slow  insensible  process  which  savours  rattier  of  atomic  change  than  of 
destruction.  Then,  one  is  inclined  to  ask,  if  the  passage  from  the  living  to  the 
unliving  condition  be  of  this  insidious  inappreciable  nature,  may  there  not  be  a  con- 
verse of  a  like  kind,  an  insensible  origination  of,  or  conversion  into,  life  and  life's 
forms,  going  on  somewhere  in  the  far  recesses  of  nature's  womb.  I  do  not  think 
we  are  bound  to  shut  out  the  thought  of  such  a  possibility.  It  seems  a  fair  ques- 
tion to  entertain ;  but  admitting  it  as  a  question,  we  must  refrain  from  the  tendency 
to  give  a  hasty  answer  in  the  affirmative. 

Granted,  therefore,  for  the  present,  that  the  medium,  the  living  form,  was  riven 
or  created  with  the  vital  property,  does  it  remain  the  same  in  Kind  through  all 
succeeding  generations  P  or  is  it  capable  of  undergoing  changes,  slowly  and  gra- 
dually, or,  perhaps,  if  needs  be,  more  rapidly,  so  as  to  adapt  it  to  various  circum- 
stances and  conditions,  so  as,  in  short,  to  evoke  in  time  cue  diverse  forms  which 
animal  life  is  known  to  assume ;  or  must  each  of  those  forms  have  been  the  result 
of  a  special  creation  similar  to  those  which  we  suppose  in  the  first  instance  P  One 
might  have  judged  this  to  be  a  question  which  a  careful  examination  and  com- 
parison of  the  different  species,  and  the  circumstances  under  which  they  are  found, 
would  have  enabled  us  to  decide  with  tolerable  ease  and  certainty ;  but  it  was 
found  not  to  be  so.  On  the  one  hand  we  see  changes  in  each  individual  whereby 
the  complete  being  is  evolved  from  the  simple  germ,  changes  that  are  suggestive 
of  a  corresponding  evolution  of  the  varied  animal  forms  from  one  humble  beginning. 
We  find  all  the  different  animals  emanating  from  the  same  point  as  its  centre,  the 
simple  germ  which  presents  precisely  the  same  features  in  them  all.    We  find  them 
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all  carried  along  the  same  high  road  of  development  and  diverging  to  aoauire  their 
respective  peculiarities ;  so  that  certain  structural  types  are  largely  traceable  among 
them,  binding  them  together  and  suggestive  of  a  common  origin.  We  can  arrange 
them  in  gradational  series,  not  one  series  hut  several,  of  which  one  emanates  in 
man.  We  find  each  animal  so  suited  to  its  position  and  so  surely  disappearing 
when  the  conditions  cease  to  he  favourable  to  it,  and  as  a  necessary  consequence  of 
the  alteration  of  those  conditions,  as  to  suggest  that  it  was  modified  from  a  com- 
mon standard  not  merely  for  but  by  the  conditions  which  surround  it»  The  records 
of  the  earth's  history  prove  this  adaptation  to  have  been  the  case  in  former  times 
as  well  as  now,  the  faunas  varying  in  correspondence  with  the  variations  in  the 
surface  and  climate  and  temperature  of  our  planet ;  and  we  can  clearly  prove  cer- 
tain modifications  in  species  to  be  caused  by  changes  in  the  external  conditions  in 
which  they  have  been  placed.  Moreover,  by  attention  to  external  curiosities  and 
selection  in  breeding,  we  can  induce  deviations  in  the  offspring,  and  so  imitate,  it 
has  been  suggested,  the  process  that  jroes  on  in  nature. 

These,  with  some  other  considerations,  coincide  with  our  scientific  yearning  to 
unfold  the  plan  of  the  universe  and  trace  in  its  growth  and  the  development  of  ita 
parts  the  operation  of  natural  law.  They  seem  to  give  us  hints  as  to  the  mode  of 
construction  of  the  animal  kingdom  which  it  is  the  legitimate  work  of  physiology 
to  gather  up  and  weave  into  a  consistent  theory  according  with  some  new  con- 
ceptions of  creative  plan. 

But,  on  the  other  hand,  so  high  a  point  on  the  hill  of  knowledge  (a  point  ima- 
gined rather  than  yet  seen)  can  he  but  slowly  reached.  Much  labour  is  required 
to  clear  away  the  thickets  and  level  the  ground,  lest  the  springs  of  genius  carry  us 
down  rather  than  up.  Much  observation  must  be  made  and  much  evidence  accu- 
mulated before  we  can  see  our  way  to  a  theory  of  transmutation  of  species.  The 
only  valid,  but  it  is  a  cardinal,  objection  to  such  a  theory  is  the  want  of  evidence 
that  a  change  of  the  kind  inferred  really  takes  place,  and  that  so  little  proof  of  h 
is  forthcoming  in  spite  of  the  attention  which  nas  for  many  years  been  anxiously 
directed  to  the  subject  The  nearly  allied  species  tantalize  us  by  a  certain  flexi- 
bility of  type  and  by  their  near  approach  to  one  another )  but  they  seem  rigidly 
to  abstain  from  the  boundary  lines ;  and  the  variations  that  take  place  seem  to 
have  no  especial  reference  to  an  approximation  to  those  lines,  but  rather  to  a  cer- 
tain power  of  accommodation  to  external  circumstances  necessary  for  the  preserva- 
tion of  the  species.  We  find  considerable  varieties  of  the  human  species.  We 
do  not  clearly  yet  know  how  to  connect  even  these  with  one  another  or  with  a 
common  origin.  Some  of  these  are  more,  some  less,  allied  to  the  monkey;  but 
between  the  lowest  of  the  human  and  the  highest  of  the  monkey  there  is  a  gap, 
the  width  of  which  will  be  differently  estimated  by  different  persons,  but  so 
wide  that  there  has  never  yet  been  any  doubt  to  which  side  any  specimen  should 
be  referred.  Now,  if  the  one  has  been  transmuted  from  the  other,  how  comes  it 
that  the  series  has  been  broken  and  the  connecting  links  ceased  to  exist  P  The 
conditions  are  still  favourable  to  the  existence  of  the  man  and  to  the  existence  of 
the  monkey ;  why  are  they  not  still  favourable  to  the  existence  of  the  species  that 
have  connected  the  one  with  the  other  P  we  may  wonder,  not  only  that  the  trace3 
of  species  in  past  time  are  not  forthcoming,  but  that  the  species  are  not  note  living. 
Moreover,  we  do  not  know  that  any  conceivable  conditions,  operating  through  any 
number  of  years,  would  bring  the  gorilla  or  chimpanzee  one  whit  nearer  to  man, 
would  give  them  a  foot  more  capable  of  bearing  the  body  erect,  a  brain  more 
capable  of  conceiving  ideas,  or  a  larynx  more  capable  of  communicating  them.  It 
is  possible  that  such  changes  might  be  effected.  -  One  would  fancy  it  probable ;  but 
we  have  at  present  too  little  ri^ht  to  assume  it,  and  the  more  extended  the 
research  without  increasing  the  evidence  the  less  does  the  probability  become. 

Neither  do  I  think  that  much  direct  assistance  has  been  given  by  the  theory  of 
natural  selection  based  upon  the  struggle  for  existence,  ably  propounded  after  long 
and  careful  research  and  ably  defended  as  it  has  been ;  it  has  dispersed  some  of  the 
fallacies  and  false  objections  which  beset  the  idea  of  transmutation  of  species,*  and 
has  so  placed  the  question  in  a  fairer  position  for  discussion,  but  it  reminds  us 
forcibly  of  some  of  the  real  difficulties  and  objections.  Though  artificial  selection 
may  do  much  to  modify  species,  it  is  rather  by  producing  varieties  than  by  draw- 
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ing  away  very  far  from  the  original  stock.  To  the  former  their  seems  no  limit ; 
but  the  latter  is  stopped  by  the  increasing  unproductiveness  and  unhealthiness  of 
the  individuals!  by  the  susceptibility  to  disease,  and  the  tendency  to  revert  to  tho 
original  type.  So  that  increasing  departure  requires  greatly  increasing  care ;  and 
we  do  not  know  that  any  amount  of  care  and  tune  would  be  sufficient  to  produce 
what  might  fairly  be  called  a  new  species.  The  bringing  about  any  marked 
change  by  nature's  selection  is  shown  to  be  very  hard  of  proof,  and  hat  opposed 
to  its  probability  the  fact  that  the  members  of  a  species  which  are  most  unlike 
have  the  greatest  tendency  to  pair  and  are  the  most  fertile ;  so  that  we  have  here, 
in  addition  to  the  ready  reversion  of  modified  breeds  to  the  original  stock,  a  law 
by  which  the  growth  or  perpetuation  of  peculiarities  is  prevented  and  a  constancy 
given  to  the  characters  of  the  species.  This  law  is  more  striking  from  its  contrast 
with  the  bar  that  exists  to  the  pairing  of  different  species  and  the  infertility  of 
hybrids.  Within  a  given  range  dissimilarity  promotes  fertility ;  beyond  that 
range  it  is  incompatible  with  it 

These  and  other  considerations  have  always  inclined  me  to  the  opinion  that 
modifications  of  animal  type,  occurring  in  nature,  are  more  likely  to  be  the  result 
of  external  influences  operating  upon  successive  generations,  influencing  their 
development,  their  growth,  and  their  maturity,  than  of "  natural  selection  "  and 
"  struggle  for  existence."  But  greater  effects  of  these  and  other  similar  agencies 
must  be  shown  before  we  ought  to  admit  even  the  reasonable  probability  of  their 
power  to  work  out  the  great  changes  that  have  been  attributed  to  them. 

In  pondering  over  the  definiteness  of  animal  types,  so  marvellously  elaborated 
from  a  simple  form,  their  slight  variability  through  long  periods,  the  dear  manner 
in  which  they,  many  of  them  at  least,  are  worked  out  from  one  another,  and  which 
increasing  investigation  seems  to  render  more  and  more  apparent,  the  prospect  of 
proving  that  they  are  educed  from  one  another  bv  any  of  the  hitherto  supposed 
processes  seems  to  grow  more  and  more  distant,  ana  the  feeling  arises  that  there 
must  be  some  other  law  at  work  which  has  escaped  our  detection. 

We  are  familiarised  with  the  met  that  in  the*  inorganic  world  combinations  take 
place  only  in  certain  definite  proportions ;  for  instance,  that  oxygen  unites  with 
nitrogen  in  one  proportion  to  make  nitrous  oxide  in  a  second  proportion,  a  mul- 
tiple of  the  first  to  make  nitric  oxide,  and  so  on  to  the  fifth  proportion  or  multiple, 
which  gives  nitric  acid,  and  that  between  them  five  several  fixed  proportions  as 
combinations  take  place.  So  that  the  resultants  of  these  and  other  similar  com- 
binations (the  inorganic  species,  as  we  may  call  them)  are  remarkably  constant 
and  fixed  m  their  characters ;  each  has  its  one  form,  as  in  the  case  of  crystal,  of 
chloride  of  sodium,  or  sulphate  of  magnesia,  which  may  be  broken  down  or  dis- 
solved, but  which  cannot  be  modified  or  made  to  approach,  still  less  to  pass  into, 
any  other  form. 

May  there  not  be  something  analogous  (some  corresponding  law  of  combining 
proportion)  presiding  over  living  matter,  educing  the  various  forms,  fixing  their 
characters,  piving  them  constancy,  in  fact  evolving  and  fixing  the  species  and  pre- 
venting their  transmutation. 

It  will  be  understood  that  I  am  not  speaking  of  the  combining  proportions  of  the 
elements  in  the  several  animal  tissues,  which  we  know,  or  have  every  reason  to 
believe,  is  as  fixed  as  in  ordinary  inorganic  matter,  though  the  combinations  are 
more  complex  and  the  formulae  are,  in  consequence,  harder  to  work  out  I  speak 
now  not  of  this,  but  of  something  comparable  with  this  and  suggested  by  this, 
operating  not  upon  individual  particles,  but  on  masses,  regulating  not  the  chemical 
composition  and  form  and  feature  of  the  tissues,  but  the  form  and  features  of  the 
animal.  As  oxygen  unites  with  nitrogen  only  in  the  definite  multiple  proportions 
represented  by  the  figures  1,  2, 3,  4, 5,  and  under  certain  circumstances,  producing 
in  each  instance  a  special  compound  unlike  any  other  and  marked  off  from  the 
nearest  approaching  compounds  by  distinctive  features,  and  without  any  interme- 
diate gradations,  so  in  the  animal  and  vegetable  world  the  combinations  requisite 
for  evolving  living  beings  may  be  regulated  in  a  similar  manner,  taking  place  only 
in  certain  weed  proportions  and  under  certain  circumstances  and  educing  certain 
definite  forms,  eacn  of  which  is  unlike  any  other  and  is  marked  off  from  its 
nearest  approach  by  cjearly  distinctive  features  and  without  intermediate  grada- 
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tions.  As  each  chemical  compound  (say  nitric  oxide)  remains  in  its  given  condi- 
tion, without  change,  till  circumstances*  have  culminated  to  favour  and  induce  a 
change,  which  then  takes  place,  not  by  slow  gradation,  but  by  sudden  start,  to 
some  other  definite  compound  (say  nitrous  or  nitric  acid),  so  the  several  animal 
forms  may  remain  fixed  till  the  conditions  for  a  change,  which  conditions  may  be 
external  to  themselves,  are  complete.  Thus  the  change  may  take  place,  and"  not 
by  slow  gradations,  but  by  sudden  start,  by  something  resembling  a  new  creation, 
and  their  definite  and  clearly  distinct  form,  or  species,  is  produced-  Thus,  as 
complementary  and  similar  to  the  laws  of  uniformity  in  design  and  variety  in 
detail,  we  may  suppose  to  work  on  together  the  laws  of  gradation  and  interrap* 
tion — by  the  one  tlie  living  ladder  is  shaped  and  bound  together  as  a  whole ;  br 
the  other  the  steps  are  preserved  distinct,  •".  e.  the  indiviauality  of  the  species  » 
given  and  retained. 

At  any  rate,  whatever  be  the  law  and  forces  which  effect  and  regulate  the  evo- 
lution of  species,  they  are  probably  of  the  same  kind  as  those  which  are  operating 
in  the  inorganic  world.  The  orderly  and  definite  manner  in  which  forms  and  fea- 
tures and  specific  characters  are  given  and  preserved  in  the  one  instance  may  be 
assumed  to  be  of  the  same  nature  as  in  the  other j  and  we  must  probably  refer  the 
fixed  animal  and  vegetable  types  to  influences  identical  with,  or  similar  to,  those  by 
which  the  forms  are  assigned  to  crystals  and  the  stratification  is  given  to  rocks, 
by  which  the  geological  epochs  have  been  determined  and  the  boundaries  of  our 
planetary  and  solar  systems  have  been  set.  One  cannot  but  think  that  it  may  be 
within  the  power  of  man  to  work  out  and  to  comprehend,  in  some  degree  at  least, 
the  principles  by  which  these  breaks  in  the  organic  and  inorsanic  worn,  constitut- 
ing as  they  clearly  do  an  important  feature  in  the  plan  of  creation,  are  brought 
about  and  regulated. 

The  pendulum  of  opinion  on  this  great  question  (the  question  of  working  by 
general  law,  or  working  by  special  interferences)  may  be  expected  lour  to  swing 
to  and  fro  ere  it  rests  upon  a  settled  conclusion.  In  the  meantime  it  will  help  to 
keep  the  wheels  of  science  going  and  add  fresh  knowledge  to  our  heap. 

And  let  us  not  shrink  from  the  free,  bold,  fair  discussion  of  these  and  other  kin- 
dred subjects  under  an  apprehension  that  they  are  calculated  to  lower  the  religious 
elements  and  shake  the  faith.  Such  discussions,  and  the  thoughts  which  give 
rise  to  them,  are  a  necessity,  an  inevitable  result  of  advancing  science,  which  it  is 
as  impossible  to  stop  as  the  progress  of  time  itself;  and  that  which  is  inevitable 
must  be  accented.  Twould  snow  a  want  of  faith  to  resist  it  Knowledge  may  be 
man's  trial ;  but  that  applies  to  knowledge  of  all  kinds,  of  that  which  is  esteemed 
good  as  well  as  of  that  which  is  esteemed  evil.  Certainly  the  fruit  of  its  tree 
brings  responsibility ;  but  responsibility  is  man's  highest  dignity,  and  opens  one  of 
the  avenues  to  the  tree  of  life.  Theological  zeal  and  scientific  zeal  are  Doth  good, 
and  representatives  of  good  elements  in  man's  nature — the  element  of  faith  and  the 
element  of  thought.  Both  should  cooperate  in  the  work  of  purifying  and  eleva- 
ting the  character ;  indeed  the  one  cannot  advance  safely  without  the  other.  Still 
they  will  now  and  then  come  into  collision  and  threaten  to  undermine  one 
another,  needing  forbearance  and  discretion  to  restore  their  harmony.  One  cause 
of  the  occasional  outbursts  of  the  odium  theologicum  is,  I  think,  due  to  a  fault 
on  the  side  of  the  theologians.  Not  satisfied  with,  or  distrusting  the  really  unas- 
sailable position  on  which  their  future  stands,  with  its  foundations  deep  laid  in 
man's  consciousness  and  God's  work,  they  have  endeavoured  to  raise  outworks 
on  the  shifting  ground  of  natural  science,  by  drawing  arguments  from  analogy, 
by  associating  special  views  of  creation  and  resurrection  with  true  religious  belief, 
and  by  insisting  on  certain  literal  interpretations  of  the  physical  medium  through 
which  spiritual  truth  has  been  conveyed  to  us.  Hence  each  unfolding  of  the 
material  laws  is  liable  to  be  regarded  with  suspicion,  lest  it  should  sap  the  foun- 
dations that  have  been  thus  unwisely  propped.  Religious  arguments  drawn  from 
the  physical  world  are  very  liable  to  prove  two-edged,  swords  cutting  both  ways 
according  to  the  manner  in  which  they  are  wielded,  or  staffs  that  penetrate  the 
hands  of  those  that  lean  upon  them.  Theology  may  rest  safe  upon  her  own  posi- 
tion, and  watch  with  confidence  and  satisfaction  the  advancing  waves  of  science, 
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feeling  assured  that,  though  they  may  beat  at  times  rather  roughly  upon  her,  they 
will  soon  calm  down  under  her  leavening  influence,  and  simply  add  too  and 
strengthen  her  soil. 

And  we  may  work  patiently  on,  not  pressing  hastily  to  conclusions  which  our 
aspirations  seem  to  point  to,  but  relying  on  careful  observation  and  honest  rea- 
soning to  give  us  a  solution  of  some  of  the  great  problems  which  animal  life 
presents* 

Letter  communicating  the  result  of  an  application  to  the  General  Medical 
Council  as  to  a  Grant  for  investigating  the  Physiological  Action  of  Remedies,  from 
Br.  Acxand. — The  application  had  been  refused,  on  the  ground  that  such  investi- 
gation was  not  within  the  sphere  of  the  Council's  duties. 

On  the  Effects  of  the  Pollution  of  Rivers.    By  Col.  Sir  J.  E.  Alexander. 

Remarks  on  the  so-called  Cattle-Plague  Entozoa.  By  Dr.  Cobbold,  F.RJS. 
The  author  pointed  out  the  importance  of  understanding  the  precise  nature  of 
these  bodies.  They  were  not,  properly  speaking,  Entozoa,  but  were  psorospermial 
sacs  of  microscopic  size.  He  round  them  varying  from  Ti  </'  to  a  greater  length 
in  cattle,  and  less  than  ^}7"  in  sheep.  They  were  extremely  abundant  in  the 
heart  The  contents  of  tne  sacs  displayed  a  complete  cell-formation,  the  ultimate 
particles  being  mnular.  Each  granule  or  pseudo-navicel,  as  it  miflrht  be  called, 
measured  only  the  t^4t"  in  diameter ;  some  were  round,  others  oval,  a  few  reni- 
form.  Under  very  high  powers  minute  refracting  points  or  nucleoli  were  observ- 
able in  their  interior.  Practically,  they  were  harmless  and  could  be  swallowed 
with  impunity.  (At  the  Evening  Soiree  Dr.  Cobbold  exhibited  specimens  under  the 

microscope.)  

On  the  Colour  of  Man.    By  Dr.  J.  Davt,  F.R.S. 

The  author  first  enumerated  the  various  shades  of  complexion  in  connexion  with 
the  localities  in  which  they  are  found,  and  then  went  into  the  subject  of  causation. 
The  warmer  the  climate,  the  less  the  difference  of  colour  of  arterial  and  venous 
blood.  The  Esquimaux  are  neither  fair  nor  dark  brown,  but  intermediate.  The 
long,  continuous  solar  effect  for  one  half  the  year  associates  them  with  the  inha- 
bitants of  the  tropics,  whilst  their  living  underground  the  other  half  does  not 
favour  the  depuration  of  their  blood.  With  regard  to  the  Chinese,  he  ventured  the 
conjecture  that  their  colour  may  be  owing  to  an  imperfect  elimination  of  bile ;  that 
it  might  become  hereditary  and  pass  in  course  of  time  into  that  distinctive  of  cli- 
mate. Tie  showed  that  the  circumstances  of  a  cold  or  temperate  climate  favour 
fairness  of  the  skin.  Of  this  he  gave  a  variety  of  instances ;  and  invited  discussion 
on  a  subject  of  no  ordinary  interest  in  regard  to  health  and  beauty. 

On  the  Question,  Is  the  Carbonate  of  Lime  in  the  Egg-shell  of  Birds  in  a 
Crystalline  or  Amorphous  State.     By  John  Davt,  M.D.,  F.R.S.,  $c 

A  high  authority  in  physiology,  M.  Milne-Edwards,  seems  to  consider  it  in 
the  former,  in  a  crystalline  state:  his  expression  is,  that  in  the  enveloping  mem- 
brane it  has  a  crystalline  appearance*.  The  grounds  for  this,  his  opinion,  he  does 
not  give,  nor  does  he  enter  into  any  minute  details  on  the  subject. 

From  such  observations  as  I  have  made  on  the  egg  of  the  common  fowl  and  on 
the  eggs  of  other  birds,  especially  of  the  smaller,  I  am  disposed  to  the  adoption  of 
the  opposite  conclusion,  viz.  that  the  carbonate  of  lime  in  the  shell  is  in  an  amor- 
phous and  finely  granular  state.  In  this  state  I  have  found  it  in  the  egg  of  the 
common  fowl,  taken  from  the  oviduct  when  the  carbonate  of  lime  was  only 
sparingly  deposited  in  the  investing  membrane.  Again,  in  the  instances  of  the 
eggs  of  the  smaller  birds,  which  are  exceedingly  thin,  are  easily  crushed  and 
reduced  to  a  fine  powder,  well  fitted  for  microscopical  examination,  I  have  never 

*  He  save,  "  Celle-ci  (tho  shell)  eat  formee  par  une  coucho  plus  ou  moins  epaisse  de 
cellules  vesiculaires  dans  l'interieur  dcmuelles  du  c&loaire  carbonate  ne  tarde  pas  a  se  de- 
poser  et  A  prendre  une  apparence  cristalline." — Tom.  viii.  part  2,  p.  527. 
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observed  any  appearance  of  crystals,  only  of  granules,  these  of  various  rises,  the 
smallest  only  just  within  the  limits  of  vision.  Further,  when  I  have  subjected  a 
minute  portion  of  shell  to  the  blowpipe,  and  rapidly  destroyed  by  combustion  the 
animal  matter,  in  the  residual  lime  comminuted  with  a  drop  of  water  added  to  it 
there  has  been  no  appearance  immeduOefy  of  crystals,  only  of  granules:  I  say 
tmrntdofesy,  because,  after  a  short  exposure  to  the  air,  the  lime,  that  which  had 
been  deprived  of  its  carbonic  acid,  reuniting  with  carbonic  acid  derived  from  the 
atmosphere,  then  assumed  a  crystalline  form,  and  presented  minute  well-defined 
Crystals,  chiefly  of  the  cubical  kind,  and  this  the  more  rapidly  the  mote  free  the 
exposure,  as  shown  by  comparing  a  portion  covered  with  thin  glass  and  another 
not  so  covered.  And  if  no  water  be  used,  no  solution  formed,  then  no  crystals 
were  produced,  even  when  the  lime,  attracting  moisture  from  the  atmosphere, 
becomes  converted  into  a  hydrate*. 

That  crystallization  is  of  rare  occurrence  in  connexion  with  organic  develop- 
ment is  an  admitted  fact,  and  where  it  has  been  observed,  as  in  the  blood,  it 
seems  to  be  yet  a  problem  waiting  solution,  whether  the  crystals  detected  were 
formed  in  the  living  fluid  and  were  a  part  of  it  as  such,  or  were  formed  after 
privation  of  life j  in  other  words,  whether  by  a  formative  process  analogous  to 
secretion,  or  by  a  destructive  process  pertaining  to  excretion.  That  coas-ulable 
lymph  or  fibrine  may  lose  its  vitality  whilst  in  the  living  blood-vessels,  and 
undergo  a  softening  similar  to  that  wnich  takes  place  in  it  out  of  the  body  at  a 
certain  temperature,  is  now  an  established  pathological  fret;  and  as  UoodHrorpusdes 
are  always  included  in  the  coagulum,  these  two  may  be  inferred  to  be  in  the  same 
category  in  relation  to  vitality.  Were  life  and  crystallization  compatible,  might  we 
not  expect  to  find  crystals  in  bones  P  But  I  am  not  aware  that  they  have  ever  been 
detected  in  any  bone,  however  early  its  examination  may  have  been  in  the 
embryo.  It  may  perhaps  be  said  that  crystals  are  frequently  met  with  in  calculi 
Admitting  the  fact,  is  it  not  more  reasonable  to  refer  their  formation  in  these 
bodies  not  to  vital  action,  but  to  the  absence  of  vitality,  and  to  ordinary  physical 
causes,  calculi  themselves  being  anorganic,  and  the  result  of  causes  of  the"  same 
kind,  i.  e.  physical  P  And  here  I  may  mention  a  fact  which  I  am  disposed  to  view 
in  the'  same  light.  I  have  found  in  the  ovary  of  a  fowl  a  white  opaque  matter, 
resembling  in  appearance  lithate  of  ammonia,  as  seen  in  the  urinary  excrement  of 
birds ;  but  on  examination  it  proved  to  be  not  a  lithate  of  ammonia,  but  carbonate 
of  lime  mixed  with  animal  matter,  the  former  partly  granular  and  partly  crystal- 
lized, chiefly  in  minute  cubes. 

The  rapid  manner  in  which  the  carbonate  of  lime  is  deposited  on  the  egg  in  the 
oviduct,  and  always,  as  it  would  appear,  associated  witi  animal  matter,  might 
perhaps  be  used  as  an  argument  against  its  deposition  on  the  membrane  in  a  crys- 
talline form :  be  this  as  it  may,  both  the  shortness  of  time  in  which  the  incrus- 
tation takes  place  and  the  quantity  of  carbonate  of  lime  which  enters  into  the 
incrustation  is  remarkable.  A  hen,  a  good  layer,  in  full  vigour,  commonly  lays 
an  egg  every  day,  and  I  have  never  found  more  than  one  egg  m  the  oviduct  at  the 
same  time.  Of  an  egg  newly  laid,  which  weighed  906*9  grs.,  the  entire  shell  was 
found  to  weigh  60*4  grs.,  of  which,  on  analysis,  16*1  grs.  proved  to  be  animal 
matter,  63*8  sra  carbonate  of  lime,  with  a  trace  of  carbonate  of  magnesia  and 
phosphate  of  lime;  so  this  large  quantity  of  carbonate  of  lime  must  have  been 
poured  out  from  the  blood  in  the  short  space  of  twenty-four  hours  or  leas ! 

Another  fact  I  would  mention,  which  also  may  be  adduced  in  favour  of  the 
idea  that  crystallization  is  not  incompatible  with  vital  action.  1  refer  to  the 
microscopical  crystals,  chiefly  prismatic,  which  are  found  to  occur  in  the  brain 
and  spinal  chord  of  the  frog  and  toad,  and  which  I  have  detected  also  in  the 
newt*  and  this  normally,  as  far  as  1  am  aware,  without  exception,  and,  I  may  add* 
which  occur  also  in  profusion  in  the  retina.  From  the  trial  I  have  made  of 
them,  they  appear  to  consist  chiefly  of  phosphate  of  lime.  The  existence  of  these 
crystals  is  a  fact  that  does  not  seem  to  admit  of  the  same  explanation  as  calculi 
It  seems  altogether  exceptional-r-a  problem  waiting  solution. 

In  certain  vegetables,  too,  as  is  well  known,  crystals  have  been  found  in  their 

*  Hydrate  of  lime,  formed  by  exposing  quicklime  to  the  atmosphere,  I  hays  found 
finely  granular  and  free  from  crystals. 
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oella ;  but  it  is  questionable  whether  they  are  anywise  essential  to  the  growth  and 
well-being  of  the  plants,  and  are  not  rather  the  results  of  disease,  depending  on  a 
state  of  the  fluids,  somewhat  analogous  to  that  which  in  animals  is  favourable  to  the 
production  of  calculi  It  would  be  foreign  to  my  purpose  to  express  any  opinion  as 
to  the  great  question  whether,  in  the  vital  economy,  the  forces  in  action  are  merely 
physical  forces,  or,  admitting,  as  must  be  admitted,  that  these  forces  are  concerned 
in  the  phenomena  of  life,  whether  something  more  is  not  required,  a  special  force, 
a  vital  force,  to  give  them  direction,  or  modify  their  influence. 

Note  on  an  Addition  to  the  Sphygmograph.  By  Dr.  Balthazar  W.  Foster. 
After  describing  the  construction  and  application  of  Marey's  Sphygmograph,  the 
author  pointed  out  that  the  screw  regulating  the  amount  of  pressure  exerted  on  the 
artery  under  examination  required  adjustment  for  nearly  every  case.  Too  great 
pressure  often  materially  altered  the  form  of  the  pulse  trace ;  and  as  it  is  essential  for 
accuracy  in  comparative  observations  that  the  pressure  on  the  vessels  should  be  the 
same,  the  author  stated  that  by  having  an  index  attached  to  the  pressure-screw, 
and  a  graduated  circle  described  round  the  screw  as  a  centre,  the  position  of  the 
index  would  always  enable  the  observer  to  exercise  the  same  amount  of  pressure 
in  any  number  of  cases. 

On  a  Peculiar  Change  of  Colour  in  a  Mulatto.  By  Dr.  Balthaxab  W.  Fostib. 
After  alluding  to  the  present  state  of  our  knowledge  of  the  conditions  connected 
with  the  development  or  pigment,  the  author  related  an  instance  in  which  he  had 
observed  a  gradual  disappearance  of  the  cutaneous  pigment  in  a  Mulatto  aged  43. 
Minute  white  spots  first  appeared  on  the  man's  back,  and  by  coalescing  gradually 
formed  large  white  patches.  These  constantly  extending,  in  the  course  of  six 
years  the  whole  of  the  trunk  became  perfectly  white,  spots  of  the  original  colour 
remaining  only  on  the  extremities.  The  face  retained  its  dark  hue,  and  an  irre- 
gular margin  encircling  the  neck  formed  the  limit  of  the  upward  advance  of  the 
white  colour.  Isolated  spots  of  white  had  appeared,  however,  on  the  forehead  and 
at  the  angles  of  the  jaw.  The  white  skin  was  perfectly  healthy  in  appearance  and 
not  to  be  distinguished  from  that  of  a  European.  The  man's  hair  was  black  and 
crispy,  and  of  a  flattened  elliptical  form  on  section.  Blisters  applied  to  the  bleached 
surface  restored  the  dark  colour  in  irregular  spots,  which  remained  unchanged  for 
several  months.  No  discoverable  condition  in  the  man's  constitution  or  habits 
could  be  regarded  as  the  antecedent  of  the  remarkable  change,  except  possibly  a 
very  weak  and  sluggish  state  of  the  circulation.  A  series  of  large  photographs 
illustrated  the  communication. 


On  the  Action  of  Carbonic  Oxide  on  the  Blood.  By  Dr.  A.  Qaxqee. 
When  carbonic  oxide  is  passed  through  venous  blood  it  acquires  a  persistently 
florid  colour,  which  was  first  pointed  out  by  Claude  Bernard,  and  the  colouring- 
matter,  although  it  possesses  a  spectrum  identical  with  that  of  ordinary  blood,  is 
distinguished  from  it  by  not  yielding,  when  treated  with  reducing  agents,  the  spec- 
trum first  described  by  Stokes  as  tnat  of  reduced  or  purple  cruonne.  This  pro- 
perty of  carbonic-oxide  blood  was  first  published  by  Hoppe.  As  a  result  of  his 
own  investigations.  Dr.  Gamgee  has  found : — First,  that  the  peculiar  compound  of 
carbonic  oxide  and  blood  colouring-matter  is  formed  even  when  the  latter  has 
been  reduced,  and  is  still  in  the  presence  of  a  large  excess  of  a  reducing  solution. 
Secondly,  that  when  the  compound  of  carbonic  oxide  and  colouring-matter  is 
treated  with  acetic  acid,  whilst  hflematine  is  formed,  carbonic  oxide  is  disen- 
gaged. Thirdly,  that  carbonic  oxide,  besides  modifying  the  optical  properties 
of  the  colouring-matter  of  blood,  afreets  in  a  remarkaole  manner  the  point  at 
which  it  coagulates,  so  that,  under  its  influence,  an  almost  perfect  separation  of 
the  haemotoglobulin  (using  the  term  to  express  the  normal  colouring-matter  of 
the  blood)  from  the  albumen  may  be  effected.  Normal  ox's-blood,  when  diluted 
with  nine  times  its  volume  of  water,  becomes  turbid  at  145°  Fahr.,  and  when  the 
temperature  has  reached  1733  Fahr.  its  colour  is  completely  destroyed.    If  such  a 
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Cm  dm  Simi1  u  *r**  Jfc #r  dm  Jbaisnaf  Body.    By  Dn.  J.  H.  Gilbert, 
Pk^D^  FJJ&r  F.CJ&.  area*  J.  ft.  L*wwe>  FRS,  F.CJS* 


On  dm  Cvmhtonm  if  dm  Piim^Tmni  Jmwbo  nd<%0/  Osseous  Fishes. 
By  Dr.  H~.  H.  ftisaox. 

The  author  repaired  At  leanite  uf  expermnants  npontheenof  Fikeand  Sdckle- 
lacks*  with  the  tw  «f  aeuerjaanhnr  the  eaeen&nl  and  aawliffing  conditions  of  the 
aniiuawiif  ■  ««*n  hi  their  Yelks* 

He  related  the  enecni  of  ▼aouaa  paauanv  of  hnmaaiag  or  reducing  the  tempera- 
tare,  "f  the  appfieatun  of  galvanic  cmieuto  and  oapuiation  of  oxygen.  The  chief 
couriiraoa  attempted  to  he  drawn  was  that  these  aaorements  demand  the  presence 
of  oxTvenhi  the  saxronnchng  mediant  aa  an  essential  condition  of  their  existence. 


On  the  Compwitiwe  Vitality  of  dm  Jewish  and  Christian  Baeeo. 
B*  Dr.  BKMAKMoar. 


Physiological  Demonstrations  of  Local  Insensibility.     By  Br.  Bichabdbox. 


On  the  Presence  of  Ammonia  ana?  its  Homologuts  in  tike  Blood. 
By  W.  L.  Scott. 


On  the  Physiological  Action  of  Medicines. 
By  William  Skakf,  Jf  J)^  FJL&,  F.GJS. 

The  subject  of  this  paper  waa  the  action  of  medicines  when  taken  in  krnkh. 

That  drags  ought  to  be  experimented  upon  by  healthy  persons  was  suggested  by 
Haller;  the  hnportance  of  such  experiments,  and  their  necessity,  was  unaniniously 
agreed  upon  by  the  Medical  Section  of  the  Scientific  Gonpress  at  Strasbnrgin  1342. 
The  memorial  upon  this  subject  from  the  British  Association  last  year  nfirming- 
ham  Meeting,  1865)  to  the  General  Medical  Council,  presented  by  Prof.  Adand, 
May  17, 1800,  was  referred  to. 

Experiments  already  made  by  Antony  Stoerk  (in  Vienna)  upon  himself  with 
aconite,  colchicum,  &c,  from  1742  to  1702;  by  Samuel  Hahnemann  with 

*  Vide  Tranrions  of  the  Sections,  p.  41. 
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drugs,  from  1790  to  1810;  what  is  commendable  in  these  experiments,  and  what 
is  deficient. 

Suggestions  were  made  relative  to  further  experiments  (1)  on  the  objects  to  be 
pursued,  (2)  on  the  mode  of  proceeding,  (3)  on  the  utilization  of  the  results. 

The  paper  recommended  the  investigation  of  the  physiological  action  of  medicines 
with  the  view  to  determine  their  therapeutic  use. 

On  the  Movements,  Structure,  and  Sounds  of  the  Heart.  By  Dr.  Sibsok,  F.BJ3. 


Akthbopoloot. 

Address  by  A.  R.  Wallace,  F.B.O.S.,  $c. 
Anthbopoloot  is  the  science  which  contemplates  man  under  all  his  varied  aspects 
(as  an  animal,  and  as  a  moral  and  intellectual  being)  in  his  relations  to  lower 
organisms,  to  his  fellow  men,  and  to  the  universe.  The  anthropologist  seeks  to  collect 
together  and  systematize  the  facts  and  tho,laws  which  have  been  brought  to  light 
by  all  those  branches  of  study  which,  directly  or  indirectly,  have  man  for  their 
object.  These  are  very  various.  The  physiologist,  for  example,  studies  man  as  a 
wondrous  and  most  complicated  machine,  whose  parts  and  motions,  actions  and 
reactions  he  seeks  thoroughly ^to  understand.  The.  comparative  anatomist  and  the 
zoologist  compare  his  structure  with  that  of  other  animals,  take  note  of  their  like- 
nesses and  differences,  determine  their  degrees  of  affinity,  and  seek  after  the  com- 
mon plan  of  their  organization  and  the  law  of  their  development.  The  psychologist 
studies  the  mind  of  man,  its  mode  of  action,  and  its  development,  compares  it  with 
the  instincts  and  the  reasoning  faculties  of  the  lower  animals,  and  ever  aims  at  the 
solution  of  the  greatest  of  problems — whence  and  what  is  mind.  The  historian  col- 
lects and  arranges  the  facts  of  man's  progress  in  recent  times :  the  geographer  de- 
termines the  localities  of  the  various  races  that  now  inhabit  the  earth,  their  man- 
ners, customs,  and  physical  characteristics ;  the  archaeologist  seeks,  by  studying 
the  remains  of  man  and  his  works,  to  supplement  written  history  and  to  carry 
back  our  knowledge  of  man's  physical,  mental,  and  moral  condition  into  prehistoric 
times ;  the  geologist  extends  this  kind  of  knowledge  to  a  still  earlier  epoch,  by 
proving  that  man  coexisted  with  numerous  animals  now  extinct,  and  inhabited 
Europe  at  so  remote  a  period  that  the  very  contour  of  its  surface,  the  form  of  its 
hills  and  valleys,  no  less  than  its  climate,  vegetation,  and  geology,  were  mate- 
rially different  from  what  they  now  are,  or  ever  have  been  auring  the  epoch  of 
authentic  history ;  the  philologist  devotes  himself  to  the  study  of  numan  speech, 
and  through  it  seeks  to  trace  out  the  chief  migrations  of  nations,  and  the  common 
origin  of  many  of  the  races  of  mankind ;  and.  lastly,  the  phrenologist  and  the  era- 


.;  way  they  correspond  to  each  other,  and  to  connect  mental  pecu- 
liarities with  the  form  and  dimensions  of  the  brain  as  indicated  by  the  correspond- 
ing form  of  its  bony  covering.  The  craniologist,  confining  his  attention  to  the 
skull  as  an  indication  of  race,  endeavours  to  trace  out  the  affinities  of  modern  and 
ancient  races  of  men,  by  the  forms  and  dimensions  of  their  crania.  These  various 
studies  have  hitherto  been  pursued  separately.  There  has  been  great  division  of 
labour,  but  no  combination  of  results.  Now  it  is  our  object  as  anthropologists  to 
accept  the  well-ascertained  conclusions  which  have  been  arrived  at  by  the  students 
of  all  these  various  sciences,  to  search  after  every  new  fact  which  may  throw  addi- 
tional light  upon  any  of  them,  and,  as  far  as  we  are  able,  to  combine  and  generalize 
the  whole  of  the  information  thus  obtained.  We  cannot,  therefore,  afford  to  neg- 
lect any  facts  relating  to  man,  however  trivial,  unmeaning,  or  distasteful  some  of 
them  may  appear  to  us.  Each  custom,  superstition,  or  belief  of  savage  or  of  civi- 
lized man  may  guide  us  towards  an  explanation  of  their  origin  in  common  ten- 
dencies of  the  human  mind.  Each  peculiarity  of  form,  colour,  or  constitution  may 
give  us  a  due  to  the  affinities  of  an  obscure  race.  The  anthropologist  must  ever 
bear  in  mind  that,  as  the  object  of  his  study  is  man,  nothing  pertaining  to  or  cha- 
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ractenstic  of  nun  can  be  unworUnrot  ni*  attention,  it  will  be  out  after  we  have 
brought  together  and  arranged  all  the  facts  and  principles  which  nave  been  esta- 
blished by  the  various  special  studies  to  which  I  have  alluded,  that  we  shall  be  in 
a  condition  to  determine  the  particular  lines  of  investigation  most  needed  to  com- 
plete our  knowledge  of  man,  and  may  hope  ultimately  to  arrive  at  some  definite 
conclusions  on  the  great  problems  which  must  interest  us  all — the  questions  of  the 
origin,  the  nature,  and  the  destiny  of  the  human  race.  I  would  beg  yon  to  recol- 
lect also  that  here  we  must  treat  all  these  problems  as  purely  questions  of  science, 
to  be  decided  solely  by  facts  and  by  legitimate  deductions  from  facts.  We  can 
accept  no  conclusions  as  authoritative  that  have  not  been  thus  established.  Our 
sole  object  is  to  find  out  for  ourselves  what  is  our  true  nature,  to  feel  our  way 
cautiously,  step  by  step,  into  the  dark  and  mysterious  past  of  human  history,  to 
study  man  under  every  phase  and  aspect  of  his  present  condition,  and  from  the 
knowledge  thus  gained  to  derive  (as  we  cannot  fail  to  do)  some  assistance  in  our 
attempts  to  govern  and  improve  uncivilised  tribes,  some  guidance  in  our  own 
national  and  individual  progress. 

Recent  Explorations  in  Chambered  Cairns  in  Caithness.     By  J.  Aitdehsov. 


On  the  Stature  and  Bulk  of  the  Irish,  and  on  Degeneration  of  Race. 
By  Dr.  J.  Bbdsob. 
The  author  had  derived  his  data  from  the  measurement  of  1617  recruits  of  Irish 
birth,  and  of  83  years  of  age  and  upwards.  The  average  height  and  weight  yielded 
by  his  figures  were  5  feet  7*25  inches  and  138*03  lbs.  *  these  he  supposed  to  represent 
corrected  averages  of  5  feet  7*4  inches  and  138*5  lbs.,  allowing  for  surplusage.  The 
men  were  measured  and  weighed  naked.  The  true  average  stature  of  the  general 
population,  or  of  that  portion  of  it  which  supplied  recruits,  including  men  of  insuffi- 
cient height  for  the  army,  might  be  conjectured  from  the  culminating  point  of  the 
numbers  at  each  inch  on  the  scale.  It  would  jjrobably  be  5  feet  6*5  inches,  or  a  trifle 
more,  for  all  Ireland,  varying  from  5  feet  7*3  inches  in  the  agricultural  population 
of  the  eastern  and  southern  provinces,  to  as  low  as  5  feet  5*6  inches  in  Cbnnaught. 
Dr.  fieddoe  endeavoured  to  investigate  the  proportions  of  the  principal  race-elements 
in  the  several  provinces  by  the  aid  of  an  analysis  of  the  surnames ;  lie  showed  that 
the  degradation  of  stature,  so  far  as  the  numbers  observed  enabled  him  to  decide, 
was  greatest  among  the  Connaught  people  with  Saxon  or  imported  names  *  and  argued 
the  question  whether  this  might  be  due  to  the  original  differences  of  race,  or  to  the 
influence  of  causes  of  degeneration. 

On  Stone  Implements  of  Esquimaux.     By  Vice-Admiral  Sir  Edwaud  Bklcheb. 

On  Colonies  in  South  Africa.     By  W.  J.  Black. 

On  a  Condylus  Tertius  occasionally  observed  in  the  Skulls  of  Natives  m  the 
Indian  Archipelago.     By  G.  Cabteb  Blaks,  F.OJS.,  F.AJ3.L. 

The  author  described  the  circumstances  under  which  a  medial  condyle  was  occa- 
sionally developed  from  the  basioccinital  bone,  and  compared  the  observations 
of  Halbertsma  and  Barnard  Davis.  Tne  most  striking  case  he  had  yet  observed  was 
one  which  was  presented  by  a  skull  of  a  Yenadie  from  Strihureecottah,  in  Madras. 
The  condylus  tertius  had  nere  articulated  with  the  odontoid  process  of  the  r~~ 
vertebra. 


On  Sktrfts  from  Bound  Barrows  in  Dorsetshire.     By  C.  C.  Blakk,  F.GJ5., 
Curator  and  Librarian,  Anthrop.  Soc.  Lcnid. 

The  author  remarked  that  they  were  obtained  by  Dr.  Hunt,  the  President  of  the 
Anthropological  Society,  from  some  barrows  near  Blandfbrd.  Dr.  Thurnam,  in  a 
dissertation  on  the  two  principal  forms  of  English  and  Gaulish  skulls,  gave  a  table 
containing  the  measurement  of  twenty -five  skulls  from  the  English  round  barrows. 


f 


TRANSACTIONS  OP  THE  SECTIONS.  OS 

The  longest  of  Dr.  Thurnam's  specimens  exhibited  a  cephalic  index  of  '74,  and  the 
shortest  '87,  the  average  being  81  j  and  Dr.  Thumam  therefore  concluded  that  the 
typical  character  of  the  skulls  found  in  round  barrows  was  that  which  presented  the 
brachycephalic  type.  When  the  skulls  taken  from  the  Blandford  barrows  were  care- 
fully measured,  it  appeared  that  the  rate  of  breadth  was  much  smaller  than  the  ave- 
rage of  those  measured  by  Dr.  Thurnam.  Where  Dr.  Thumam' a  lowest  breadth  was 
•74,  the  lowest  of  the  Blandford  skulls  was  *66 ;  and  where  his  highest  was  '87,  the 
highest  of  those  from  Blandford  was  "81,  the  average  being  in  each  case  respectively 
•81  and  *73.  If  the  Blandford  skulls  (nine  in  number)  were  added  to  Dr.  Thurnam  s 
table  of  twenty-five,  the  average  of  the  whole  thirty-four  would  be  found  to  be  '77. 
The  distinction  between  an  average  of  '81  and  '77  must  strike  all  observers,  and 
some  might  consider  the  deduction  of  4  per  cent,  as  invalidating  many  of  the  gene- 
ral conclusions  arrived  at  by  Dr.  Thurnam.  If  the  author  were  inclined  to  base 
any  conclusions  on  his  measurements,  he  might  reverse  Dr.  Thurnam's  "sort  of 
axiom,"  and  say  "long  barrows,  lorn?  skulls;  round  barrows,  long  skulls  too,  and 
sometimes  longer.1'  A  description  oi  the  skulls  would  follow  at  another  time,  and 
the  conclusions  he  would  draw  at  present  were  as  follows: — 1st.  That  the  state  of 
materials  at  disposal  nrecluded  any  generalization  as  to  the  prevalence  of  a  brachy- 
cephalic type  oi  the  skull  in  the  round  barrows  of  the  south  of  England*  2nd.  That 
a  much  larger  series  of  skulls  from  the  round,  as  well  as  from  the  long  barrows  must 
be  measured  before  any  conclusion  could  be  arrived  at  as  to  the  cranial  modulus. 

On  a  Human  Jaw  from  the  Belgian  Bone-Caves. 
By  0.  C.  Blake,  F.G.S.,  Curator  and  Librarian,  A.S.L. 

The  jaw  was  discovered  in  the  Trou  de  la  Naulette,  near  Dinant,  Belgium,  by  Dr. 
E.  Dupont,  acting  under  the  orders  of  the  Belgian  Government  It  was  found  in 
undisturbed  sandy  clay  (lehm  or  limonfluviatile)  at  a  depth  of  3 \  metres  (11  ft.  4  ins.), 
the  clay  alternating  with  stalagmite,  and  affording  evidences  of  gradual  deposition. 
The  characters  which  it  presented  were  very  different  to  those  exhibited  by  the  jaws 
of  the  white  races  of  the  present  day,  and  presented  in  many  points  an  exaggeration 
of  the  characters  of  the  lowest  Australian  jaws.  In  some  respects  it  differed  widely 
from  the  human  jaws  known  to  anatomists,  and  afforded  great  resemblance  to  the 
jaw  of  the  young  orang  (Simla  tnorio).  The  author  gave  a  careful  comparison  be* 
tween  this  jaw  and  certain  typical  jaws  selected  from  three  thousand  which  he  had 
examined,  and  expressed  his  oelief  that  the  jaw  was  of  vast  though  unascertained 
antiquity,  and  that  on  the  whole  the  jaw  more  closely  resembled  those  of  the 
Sclavonic  races  than  anv  other  jaw,  while  in  some  points  it  presented  an  analogy 
to  and  exaggeration  of  the  Australian. 

After  giving  a  minute  account  of  the  circumstances  which  led  to  the  investigation 
of  the  Belgian  caves  by  the  Anthropological  Society  in  conjunction  with  Dr.Dupont, 
the  author  entered  into  considerable  details  respecting  the  number  and  character  of 
these  caves,  the  various  levels  and  palieontological  horizons  at  which  they  were 
found,  the  characteristic  fossils  of  each,  the  nature  of  the  human  remains,  and  the 
geological  conditions  under  which  the  successive  deposits  of  rolledpebbles,  stratified 
IehmjOr  UmonflutiatUe,  angular  pebbles,  and  loess  were  found.    He  concluded : — 

1.  That  the  deposit  of  stratified  "  lehm  "  under  stalagmite,  in  the  Trou  de  la 
Naulette,  was  due  to  the  action  of  slowly  operating  causes. 

2.  That  the  individual  whose  jaw  was  found  therein  was  contemporary  with  the 
elephant  and  rhinoceros,  whose  remains  ore  Imbedded  under  like  conditions. 

3.  That  some  of  the  characters  afforded  by  the  jaw  indicate  a  resemblance  to  the 
jaws  of  the  Sclavonic  peoples  of  Eastern  Europe,  as  especially  exemplified  by  the 
Masures  and  Wends. 

4.  That  some  of  the  characters  of  the  jaw  from  the  Trou  de  la  Naulette  indicate 
a  strong  resemblance  to,  and  exaggeration  of,  the  characters  afforded  by  the 
melanous  races  of  men,  and  especially  the  Australian. 

5.  That  the  above  characters  afford  a  distinction  between  the  remains  found  in  the 
Trou  de  la  Naulette  and  the  Trou  de  Frontal,  which  latter  contained  the  reindeer- 
period  individuals  strongly  resembling  the  Calmucks  of  the  present  day. 
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On  Fishing  Indians  of  Vancouver  Island.    By  E.  B.  Bogg. 

On  Ancient  Engravings  on  Stone  from  Southern  Peru.    By  W.  Bollaeet. 

On  Central  American  Hieroglyphs.    By  W.  Bollaeet. 

Researches  into  the  Anthropology  of  Lower  Brittany.    By  Dr.  P.  Beoca. 

On  the  People  of  Andorra.    By  Dr.  R.  S.  Charxocr. 

On  the  Indians  of  the  Mosquito  Territory.    By  John  Collutooh. 

On  the  Power  of  Rearing  Children  among  Savage  Tribes.    By  8.  P.  Bat. 

On  the  Anthropology  of  Caracas.    By  A.  Ernst. 

Notice  of  a  KjbhkenmMding  in  the  Island  of  Herm.     By  J.  W.  Elowee. 

On  the  Land  Dayas  of  Upper  Sarawak.    By  E.  P.  Hauohtox. 

On  the  Cranial  Measurements,  $cy  of  Modern  Norwegians. 
By  Dr.  J.  Hunt,  F.S.A.,  President  A.S.L. 

The  cranial  measurements  of  the  majority  of  the  cases  indicated  that  the  form 
of  the  skull  in  the  Norwegians  is  much  rounder  than  had  hitherto  been  supposed. 
The  average  height  of  seventy-eight  cases  of  males  was  5  feet  8  inches.  Tne  hair 
in  the  majority  of  cases  was  liffht  brown,  and  the  eyes  light  blue.  The  author 
contended  that  there  was  no  such  thing  as  a  Norse  race,  the  races  inhabiting  that 
country  differing  quite  as  much,  if  not  more,  than  any  inhabiting  this  country. 
The  author  gave  some  details  of  his  examination  of  Swedes  and  £*£¥>&>  *nd  con- 
cluded by  urging  the  desirability  of  not  confusing  the  inhabitants  or  Norway  and 

Sweden.  — 

On  the  Principle  of  Natural  Selection  applied  to  Anthropology,  in  Reply  to 

Views  propounded  by  some  of  Mr.  Darwin's  Disciples*    By  Dr.  J.  Hurt, 

F.AJ3.,  President  A.S.L.  

Remarks  on  two  Extreme  Forms  of  Human  Crania. 
By  Professor  Huxley,  F.R.S.,  F.O.S. 

One  of  these  skulls,  that  of  a  Tartar,  was  exceedingly  round,  being  nearly  equal 
in  breadth  and  length  (977 :  1000).  The  other  was  probably  that  of  an  Australian 
or  Negrito,  and  represented  the  very  extreme  of  tne  narrow  type  of  akull,  the 
cephalic  index,  or  proportion  of  breadth  to  length,  being  one  of  the-  smallest  on 
record  (620 :  1000).  Professor  Huxley  then  proceeded  to  snow  how  far  the  relative 
characters  of  these  skulls  might  be  lost  sight  of  in  the  ordinary  method  of  measure- 
ment He  insisted  on  the  necessity  of  due  care  being  taken  to  compare  sections  of 
skulls  by  super-position  of  the  baai-cranial  axes. 

On  the  Indians  of  the  Parand.     By  Consul  T.  J.  Hutchiksox. 

A  Slate  Armlet  was  exhibited  by  A.  H.  W.  Ingham. 

On  the  Saracens  in  France.    By  M.  G.  Lagheau. 

On  Papers  from  Lahore.    By  Prof.  Leitneb. 

On  the  Mental  and  Moral  Characteristics  of  the  Zulu  Kafirs  of  Natal, 
By  Dr.  Robert  Mann,  F.R.A.S. 
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On  Human  Remains  from  Poole's  Cavern.    By  J.  Plant. 


On  the  Habits  and  Manners  of  the  Marvar  Tribes  of  India. 
By  Dr.  J.  Shortt. 

On  Phenomena  of  the  Higher  Civilization  traceable  to  a  Budimental  Origin 
among  Savage  Tribes.     By  Edwabd  B.  Tylor. 

The  value  of  investigations  among  savage  tribes,  as  affording  explanations  of 
many  opinions  and  customs  prevalent  among  the  higher  races,  is,  in  the  opinion  of 
the  writer  of  this  paper,  only  beginning  to  become  nilly  apparent.  Ilis  object  was, 
accordingly,  to  give  examples  of  the  province  and  method  of  such  investigations. 
Comparative  mythology  being  one  of  the  best-known  fields  in  which  this  kind  of 
research  has  been  carried  on.  it  was  shown  by  examples  quoted  from  Polynesia  that 
the  myth-producing  state  of  mind  is  there  to*  be  studied  in  actual  existence  among, 
modern  savages.  Not  only  may  the  sources  of  mythology  in  general  be  thus  ex- 
plored, but  even  myths  occurring  in  an  isolated  and  unintelligible  shape  among  the 
higher  races  may  be  shown  to  be  fragments  of  consistent  and  intelligible  mythic 
conceptions  still  existing  among  savage  tribes.  Thus  the  story  of  the  opening  and 
shutting  rocks  of  the  Symplegades,  through  which  the  ship  Argo  passed  by  the  aid 
of  Athene,  was  compared  with  a  New-Zealand  myth,  in  which  the  Night  is  con- 
%  ceived  as  a  monstrous  creature  whose  jaws  are  to  be  seen  opening  and  shutting  on 
the  evening  horizon,  and  into  whose  stony  mouth  the  Sun-god  Maui  enters  and 
perishes.  A  similar  account  to  this  is  found  in  the  mythology  of  the  Karens  of 
Burmah.  where  two  strata  of  rocks  are  described  which  open  and  shut,  and  between 
which  tne  sun  enters  at  sunset 

Again,  the  ceremony  of  sacrificing  animals,  food,  clothes,  &c,  especially  to  the 
souls  of  the  dead,  as  found  among  races  in  a  comparatively  high  state  of  culture, 
was  instanced  as  having  come  down  as  an  inherited  custom  from  an  earlier  mental 
condition,  in  which  an  evident  and  practical  purpose  belonged  to  it.  Among  the 
lower  races,  the  opinion  is  evidently  found  that  not  only  men  and  beasts,  but  trees 
and  corn,  and  even  inanimate  objects,  such  as  boats  and  weapons,  have  each  some- 
thing of  the  nature  of  a  spirit  or  soul, — generally  a  shadowy  resemblance  of  the 
material  body.  In  the  offerings  made  to  the  dead,  not  only  are  wives,  slaves,  and 
;  to  death,  that  their  souls  may  serve  the  soul  of  the  deceased  in  a  future 
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state,  but  food,  clothes,  arms,  ornaments,"&c.,  are  buried,  burned,  or  exposed,  that 
their  spirits  may  be  despatched  for  his  benefit  When  such  sacrifices  are  made  to 
gods,  elves,  and  other  spiritual  beings,  there  is  considerable  evidence  of  a  similar 
intention  of  presenting  the  spirit  of  tne  offering  to  the  being  worshiped.  A  num- 
ber of  details  were  brought  forward  to  illustrate  this  opinion  as  prevalent  among 
the  lower  tribes,  and  furnishing  a  satisfactory  cause  for  ceremonies  inherited  and 
practised  with  a  changed  meaning  by  higher  races. 

In  a  similar  manner  the  practice  of  ceremonial  Casting  was  discussed  a9  belonging 
originally  to  the  lower  races,  and  handed  down  with  much  change  of  meaning  among 
more  cultured  peoples.  The  subject  of  magic  was  then  introduced,  to  show  that 
the  arts  of  divination  and  sorcery  are,  when  found  among  the  higher  races,  mere 
relics  of  practices  which  are  perfectly  intelligible  under,  and  consistently  belong  to, 
the  mental  condition  of  the  savage.  Thus  the  ordeal  of  the  suspended  Bible  and 
key  was  compared  with  such  similar  practices  as  that  of  divining  by  a  suspended 
sickle  among  the  Khonds  of  Orissa.  In  conclusion,  the  author  spoke  of  the  aid 
which  may  be  rendered  by  the  study  of  lower  phases  of  civilization,  in  the  problem 
of  separating  among  civilized  men  the  results  of  inherited  opinion  from  those  of 
scientific  inquiry.  ___ 

Antiquity  of  Man  in  relation  to  Comparative  Geology.     By  C.  S.  Wake. 
Notes  on  Madagascar.    By  T.  Wilkinson. 
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GEOGBAPHY  AND  ETHNOLOGY. 

Address  by  Sir  Charles  Nicholson,  Bart.,  LL.D.,  President  of  the  Section. 

In  opening  the  business'  of  this  Section  the  President  passed  in  review  the 
recent  acquisitions  and  speculations  in  the  sciences  of  Geography  and  Ethnology. 
Geography,  he  said,  in  the  restricted  sense  in  which  it  is  now  used,  was  chiefly 
confined,  in  its  scope,  to  inquiries  as  to  the  leading  features  of  the  earth's  phy- 
siognomy, without  dealing  with  those  special  causes  and  remoter  influences 
to  which  all  the  great  phenomena  of  the  surface  of  the  globe  were  referable. 
This  circumscription,  and  yet  indefiniteness,  of  aim  was  not,  however,  peculiar  to 
the  subject  we  nad  to  deal  with ;  it  belonged  to  every  other  department  of  human 
knowledge,  the  bounds  of  which  are  more  or  less  arbitrary,  each  being  but  apart 
of  one  great  whole,  each  separated  from  the  other  by  faint  and  often  invisible  lines, 
reciprocally  melting  into  each  other.  The  same  remark  applied  to  ethnology,  the 
indefiniteness  of  the  name  having  become  a  source  of  difficulty.  A  fastidious  cri- 
ticism might  find  equal  objection  to  the  employment  of  such  terms  as  ethnography, 
zoography,  anthropology,  biology,  and  others.  Many  of  these  terms  are  sufficiently 
elastic  not  only  to  include  man  in  all  his  objective  relations  (in  which  anatomy 
and  physiology,  human  as  well  as  comparative,  could  be  embraced),  but  all  the 
ethical  and  moral  qualities  of  his  nature  would  become  alike  objects  of  contempla- 
tion and  research.  Facts  are,  after  all,  the  ultimate  aim  of  all  inquiry,  and  it  was 
of  little  consequence  with  what  special  machinery  or  under  what  particular  desig- 
nation they  might  be  gathered  together.  In  reviewing  the  recent  progress  of  geo- 
graphical research,  he  alluded  to  the  discovery  of  the  Lake  Albert  Nyanxa  by  Sir 
Samuel  Baker,  and  described  the  nature  of  the  problem  which  now  remained  to  be 
solved  in  the  geography  of  this  part  of  Africa.  This  was  the  connexion  or  separa- 
tion of  the  two  neat  inland  seas,  the  Tanganyika  and  the  Albert  Nvanza.  The 
difference  of  levefoetween  them  (800  feet)  militated  against  the  supposition  of  their 
union ;  but  a  doubt  existed  as  to  the  correctness  of  the  levels  given  in  the  case  of 
the  Tanganyika,  the  measurement  having  been  made  by  Burton  and  Speke  with  a 
single  and  very  imperfect  instrument.  It  was  hoped  that  this  point  might  be 
settled  by  Livingstone,  the  last  news  from  whom  informed  us  of  his  arrival  at  tie 
mouth  of  the  Rovuma  river  on  the  east  coast,  whence  he  was  about  to  travel  by 
land  into  the  interior.  The  road  to  the  great  southern  lake,  Nyassa,  was  reported 
to  be  open,  and  towards  it  this  distinguished  and  intrepid  traveller  was,  in  all  probaw 
bility,  now  on  his  march.  In  other  parts  of  Africa,  the  expeditions  of  the  Baron 
von  der  Decken  and  M.  Du  Chaillu  were  mentioned,  and  he  announced  to  {he  meet- 
ing that  the  latter  traveller  would  communicate  a  paper  to  the  Section  embodying 
his  principal  observations  on  the  physical  geography  and  tribes  of  the  new  region 
he  had  traversed  in  his  last  journey.  In  Asia  several  very  important  geographical 
expeditions  had  recently  been  undertaken.  Two  of  these  were  in  connexion  with 
the  great  trigonometrical  survey  of  India  now  in  course  of  execution.  To  Cant. 
Montgomerie,  who  had  been  charged  with  the  survey  of  Cashmere  and  the  Nortn- 
western  Himalayas,  we  were  indebted  for  one  of  these  Central  Asian  explorations; 
the  other  was  undertaken  by  Mr.  W.  H.  Johnson,  a  civil  assistant  in  tne  survey. 
This  gentleman,  having  carried  the  survey  to  the  summit  of  the  Karakornm 
Pass,  the  extreme  limit  of  the  territory  under  British  influence,  had  been  there 
invited  by  the  chief  of  Khotan,  in  Chinese  Tartary,  to  visit  his  dominions,  Mr. 
Johnson  nad  boldly  undertaken  the  journey  over  the  as  yet  unknown  piateam 
stretching  between  the  Himalayan  and  Kuen  Lun  ranges,  and  reached  Dcni,  the 
capital  of  Khosan.  The  plateau  was  surveyed,  and  the  position  of  Ilchi  accurately 
determined.  The  vast  plains  of  Central  and  Western  Asia  still  presented,  however, 
innumerable  features  deserving  of  minute  investigation.  Amongst  these  was  the 
problem  of  the  alleged  ancient  course  of  the  Oxus  into  the  Caspian  Sea,  instead  of 
the  Aral,  as  at  present.  In  South-eastern  Asia,  a  young  man,  Mr.  J.  Thomson, 
had  recently  returned  from  a  successful  enterprise  in  Cambodia.  Mr.  Thomson 
had  been  excited  by  the  account  which  the  late  Mr.  Mouhot  had  given  of  the 
splendour  of  the  ruins  of  ancient  temples  buried  in  the  tropical  forests  of  that 
country,  and  had  resolved,  alone  and  unaided,  to  visit  them,  and  bring  away  pho- 
tographs and  plans  of  these  structures.    He  had  returned,  and  brought  with  him  a 
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very  huge  series  of  pictures  of  great  beauty,  which  would  be  exhibited  to  the  Sec- 
tion. The  useful  labours  of  the  Palestine  Exploration  Fund  were  next  noticed, 
and  afterwards  the  minute  and  accurate  surveys  made  by  Mr.  W.  Chandless  on  the 
river  Purus,  in  South  America,  and  also  the  recent  expedition  into  the  interior  of 
Australia  undertaken  for  the  purpose  of  discovering  remains  of  the  unfortunate 
Leichhardt  expedition.  This  search,  so  munificently  supported  by  several  of  the 
Australian  governments  and  by  Her  Majesty  the  Queen,  bad  not  yet  accomplished 
much.  A  severe  drought  had  impeded  the  progress  ot  the  searching  party  j  but 
they  had  succeeded  in  traversing  tne  continent  to  the  banks  of  the  Flinders  river, 
and  examined  the  trees  on  which  the  L's  were  cut  at  a  spot  which  was  supposed 
to  be  the  last  halting-place  of  the  lost  explorers.  Now  that  settlements  are  formed 
along  the  whole  east  coast  of  Australia,  at  short  distances  from  each  other,  it  was 
very  desirable  that  exact  registers  should  J>e  established  at  various  points,  so  as  to 
determine  whether  there  be  any  appreciable  change  in  the  relative  levels  of  land 
and  water  along  the  coast,  and  thus  throw  light  on  an  interesting  question  in  phy- 
sical geography,  namely,  the  gradual  subsidence  of  the  Pacific  coasts  of  Australia. 
After  noticing  the  great  extent  of  unknown  land,  especially  in  Africa  and  New 
Guinea,  yet  remaining  to  be  explored,  the  President  concluded  by  a  review  of  the 
recent  great  strides  made  in  the  science  of  ethnology  since  the  discovery  of  stone 
implements  in  the  alluvial  deposits  of  St  Acheul.  We  here  see  the  widest  field 
opening  for  speculation  and  inquiry.  There  was  a  tendency  with  many  ethnolo- 
gists in  their  inquiries  to  disparage  the  force  of  the  evidence  afforded  by  language 
as  a  kev  to  the  history  and  tne  relationship  of  the  different  sections  of  mankind  to 
each  other.  Yet  it  was  impossible  to  gainsay  the  absolute  correlation  that  exists 
between  certain  organic  forms  of  speech  and  some  of  the  great  typical  divisions  of 
man.  Language,  in  his  opinion,  constitutes  one  of  the  most  permanent  and  in- 
delible tests  of  race,  and  no  system  of  ethnology  could  dispense  with  the  aid  of 
philology.  The  early  utterances  of  man  have  become  stamped  with  a  certain  degree 
of  immortality.  Tne  Celtic  and  the  Hindoo,  the  early  Persian,  the  Hellenic  and 
Latin  races  betray  the  community  of  their  origin  in  the  dialectic  affinities  of  the 
tongues  they  spe A.  On  the  banks  of  the  Tigris  and  the  Euphrates  the  Arab  employs 
a  language  which  is  the  lineal  descendant,  with  few  fundamental  changes,  of  that 
spoken  byjiis  forefathers  in  the  days  ot -the  Hebrew  patriarchs;  whilst  in  the 
Semitic  names  scattered  along  the  shores  of  the  Mediterranean  Sea  and  eastern 
coast  of  Africa,  we  have  unerring  indications  of  the  progress  and  settlements  of 
early  Semitic  tribes.  However  plastic  and  evanescent,  under  certain  local  con- 
ditions, characteristic  forms  of  speech  may  be,  they  still  afford,  in  the  history  of 
man,  the  key  to  many  of  the  vicissitudes  that  have  marked  his  migrations,  his  con- 
quests, his  religion,  his  social  polity,  the  measure  of  many  of  the  attributes  by 
which  as  an  individual  or  a  race  he  is  distinguished  from  his  fellow  men. 

On  the  Physical  Geography  of  the  Eastern  Part  of  the  Crimea  and  the 
Peninsula  of  Taman.  By  Prof.  Ansted,  F.B.S. 
The  peninsula  of  Taman  stretches  out  west  beyond  the  whole  range  of  the 
Caucasus ;  but  it  would  only  be  a  delta  of  the  Kuban  were  it  not  for  the  very  re- 
markable phenomena  due  to  recent  volcanic  agency  which  it  exhibits.  These  con* 
si8t  of  a  series  of  conical  hills  of  mud,  ranging  for  many  miles,  and  connecting  the 
volcanic  district  of  Tiflis  with  the  Putrid  Sea,  which  constantly  emits  sulphurous 
fumes.  The  physical  condition  of  this  part  of  Europe  is  quite  exceptional,  the 
phenomena  extending  for  a  distance  of  1(XX)  miles.  The  conical  hills  of  Taman  are 
about  250  feet  high,  and  extend  for  about  thirty  miles.  There  is  a  constant  shift* 
ing  of  the  actual  points  of  eruption.  The  physical  geography  of  the  north-eastern 
shores  of  the  Black  Sea  and  its  dependencies  is  certainly  modified  by  these  curious 
phenomena.  They  produce  hills  where  we  should  otherwise  have  a  dead  flat,  and 
the  land  is  for  the  most  part  barren  and  unprofitable.  Continuous  but  very  slow 
subterranean  action  along  this  line  is  consistent  with  what  we  know  concerning  the 
axis  of  elevation  that  has  for  a  very  long  geological  period  affected  the  land  of  the 
eastern  hemisphere.  All  that  part  of  the  world  has  been  elevated,  and  parts  of  it 
have  been  depressed  in  the  later  periods.  The  great  plains  of  Europe  and  Asia 
were  covered  oy  the  sea  during  a  time  comparatively  recent,  and  the  elevation  has 
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been  on  a  line  parallel  with  that  of  the  mud-volcanoes  and  eruption  of  hydro- 
carbon vapours  and  fluid*.  

On  the  District  of  Lake  Pangong,  in  Tibet.  By  Capt.  H.  H.  GoDWnr-AirsTMr, 
F.GJ3.,  F.R.G.S.,  Assistant  in  the  Trigonometrical  Survey  of  India. 

The  author  left  Leh  to  survey  the  shores  of  Lake  Pangong  in  July  1863.  North 
of  the  Indus,  from  its  junction  with  the  Dras  river,  lies  a  high  ranee  of  mountains, 
which  separates  the  Indus  drainage  from  that  of  the  Shayok  or  Nubra.  The  passes 
over  this  range  are  of  great  elevation ;  on  the  direct  road  from  Leh  to  the  Pangong 
lake  there  are  two,  viz.  the  Chang  La,  17,470  feet,  and  the  Kay  La,  18,250  feet 
above  the  sea-leveL  Having  crossed  the  Chang  La  to  the  village  of  Tanksl,  the 
surveying  party  proceeded  along  the  valley  leading  to  the  western  extremity  of  the 
lake.  The  stream  which  flows  down  the  valley  contains  but  little  water.  If  the 
waters  of  the  Pangong  (which  have  now  no  exit)  should  reach  the  altitude  they 
formerly  attained^  they  would  force  a  passage  across  this  barrier. 

A  Trigonometrical  station  of  the  Indian  Survey  lies  close  to  the  water's  edge, 
its  height  being  13,931  feet  above  the  sea-level.  The  waters  are  of  an  intense  blue 
colour,  clear  as  crystal,  but  too  saline  to  be  drinkable.  The  author  commenced  his 
march  along  the  southern  shores  on  the  22nd  of  July.  He  pursued  this  route 
until  he  came  to  a  point  where  the  lake  contracts  to  very  narrow  dimensions ;  he 
4hen  crossed  to  the  northern  shore,  and  reached  to  within  a  short  distance  of  Noh, 
a  Chinese  town  of  the  province  of  Rudok,  where  he  was  compelled  to  turn  back, 
owing  to  the  entreaties  of  the  governor.  Beyond,  the  lake  again  expands  for  a 
long  distance ;  it  then  a^ain  narrows,  and  further  east  again  expands  into  a  fine 
sheet  of  water,  the  termination  of  which  is  unknown.  The  first,  or  lower  lake,  is 
40  miles  in  length,  the  second  33  miles,  and  the  upper,  or  easterly  portion,  at 
least  18  miles. 

Captain  Godwin- Austen  showed  that  the  waters  of  this  remarkable  lake  must 
formerly  have  been  fresh,  and  must  have  attained  a  much  greater  elevation  than 
thev  do  at  the  present  time.  At  present  the  waters  are  too  salt  to  nourish  a  single 
molluscous  animaL  The  lower  lake  does  not  contain  in  its  waters  or  on  its  banks 
a  vestige  of  any  kind  of  plant,  although  formerly  there  must  have  been  a  con- 
siderable vegetation  to  sustain  so  much  animal  life.  There  are  signs  of  the  climate 
of  the  region  having  been  formerly  much  more  humid  than  it  is  now.  The  absence 
of  streams  whose  waters  find  an  exit  in  it  is  a  curious  feature ;  but  there  are  nume- 
rous lateral  valleys  leading  up  towards  the  glaciers  of  the  surrounding  mountains, 
and  the  bottoms  of  the  valleys  near  the  lake  are  composed  of  beds  of  silt  contain- 
ing fossil  shells,  showing  that  considerable  streams,  bringing  down  detritus  from 
the  mountains,  must  formerly  have  flowed  down  them. 

On  the  probable  Lower  Course  of  the  Limpopo  River,  South-east  Africa. 
By  Thomas  Baiwes,  F.R.O.S. 
Captain  Cornwallis  Harris,  who  reached  the  sources  of  this  river  in  1836  and 
1837,  considered  it  identical  with  the  Manice,  or  King  George  River  flowing  into 
Delagoa  Bay. 

About  this  time  the  great  emigration  of  Dutch -African  farmers  was  going  on  from 
the  Cape  Colony  northward,  and  though  they  did  not  then  take  possession  of  the 
country  now  known  as  the  Transvaal,  many  of  them  penetrated  the  country  of  the 
Limpopo,  and  defended  themselves  desperately  against  the  attacks  of  the  savage 

In  1850  I  visited  the  country  of  the  Transvaal  emigrants  with  Mr.  Joseph 
Macabe,  but  their  independence  not  having  then  been  acknowledged  by  our  govern- 
ment, they  prevented  our  passing  to  the  interior,  and  fined  my  friend  for  having 
published  a  short  itinerary  m  a  frontier  paper. 

From  information  supplied  me  bv  Macabe  and  several  Dutch  hunters,  I  drew  a 
map  of  the  upper  Limpopo  and  its  tributaries,  and  a  very  intelligent  German, 
named  Coqui,  who  had  travelled  from  Origstadt,  in  the  Transvaal,  to  Delagoa  Bay, 
drew  me  a  sketch-map  of  his  route,  which  I  added  to  that  I  had  already  made. 

^he  "  Oori  or  Krokodil  Rivier,"  the  main  branch  of  the  Limpopo,  and  the  Iipel- 
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lulah  or  "  Olifant's  Rivier,"  pass  on  the  west  and  north  of  the  town  of  Oriffstadt,  and 
appear  to  join  after  passing  down  theDrakensber£,  which,  rising  near  Natal,  stretches 
parallel  with  the  coast  far  to  the  north,  and  is  in  fact  the  sea  face  of  the  great  in- 
terior plateau  (which,  however,  where  the  Limpopo  rises  is  broken  into  rugged  hills, 
instead  of  showing  the  dead  level  in  which  the  Oiovango  rises  near  the  west  coast). 

The  descent  of  the  Drakensberg  occupied  an  entire  day ;  and  the  country  between 
it  and  the  sea  was  level,  sprinkled  with  bush  and  forest,  and  abounding  with  game. 
He  crossed  the  Manice,  the  Omquinie,  and  the  Tamatie,  all  of  which  rise  in  the 
Drakensberg,  and  are  not  connected  with  the  Limpopo,  and  which  at  theirjunction 
form  a  large  sluggish  sheet  of  water,  probably  the  same  seen  by  Louis  Triechard 
about  twenty  vears  before.  Canoes  were  used  by  the  natives ;  and  the  great  slave- 
dealing  Chief  Mannekos  held  the  country  to  the  east.  The  Mattol,  a  broad,  sluggish, 
marshy  river,  was  crossed  above  where  it  falls  into  the  bay,  and  the  waggons  halted 
on  the  beach  opposite  a  tongue  of  sand  with  about  twenty  huts,  constituting  the 
village  of  Lorenzo  Marques,  which  is  isolated  at  high  water. 

To  the  east  of  this  was  the  Manice,  with  8  fathoms  at  its  mouth,  and  2  at  forty 
miles  up,  where  the  smaller  slave  schooners  went  to  receive  their  cargoes.  All  the 
party,  except  Mr.  Coqui,  died  of  fever  and  fatigue  during  the  return  journey ;  the 
messengers  sent  with  letters  perished  on  the  route ;  only  one  reached  his  destina- 
tion, and  two  young  farmers  with  fresh  oxen  came  immediately  from  Origstadt,  and 
were  fortunately  in  time  to  rescue  Mr.  Coqui. 

Mr.  Gassiott,  who  travelled  in  1861-62,  heard  that  the  Limpopo  and  Elephant 
rivers,  after  joining,  flowed  to  Inhambane. 

Mr.  J.  Chapman  told  me  that  his  partner  Edwards,  visiting  Moselekatse,  asked 
particularly  about  the  mouth  of  the  Limpopo,  and  was  told  that  lower  down  it  was 
called  Saabe,  and  the  direction  in  which  the  Matabili  pointed  corresponds  exactly 
with  the  position  of  Sabia.  Chapman  considered  the  information  thus  obtained  to 
be  thoroughly  trustworthy ;  and  I  may  add  that  when  I  have  tested  the  knowledge 
of  the  natives,  even  in  the  dark,  I  have  found  some  of  them  point  out  the  direction 
of  distant  places  as  accurately  as  I  could  set  them  with  a  pocket  compass. 

While  I  was  in  the  Transvaal  I  was  told  of  natives  to  the  north  who  retained 
manv  Mahometan  customs,  and  also  of  ancient  buildings  of  stone  in  ruins. 

These  are  mentioned  in  the  earlv  Portuguese  records,  which  attribute  them  to 
the  Queen  of  Sheba;  and  about  1864  or  1866  two  gentlemen  of  the  Rhenish 
Mission  Society  obtained  leave  to  visit  them,  but  were  deterred  by  the  prevalence 
of  small-pox.  The  natives  described  to  them  pyramids,  subterranean  galleries, 
sphynxes,  and  hieroglyphic  inscriptions ;  and  whatever  be  the  character  of  these 
ruins,  there  is  no  doubt  but  they  are  worthy  of  careful  investigation. 

The  Zambesi  and  its  probable  Westernmost  Source. 
By  Thomas  Baines,  F.R.Q.S. 

The  Zambesi  flowing  into  the  Indian  Ocean,  in  latitude  between  18°  and  19° 
south,  drains  nearly  all  that  part  of  Africa  lying  between  the  parallels  of  10°  and 
20°.  During  nearly  half  its  course  from  the  western  side  of  the  elevated  plateau 
of  the  interior  it  is  a  broad  surface  river,  in  which  open  reaches  navigable  for  many 
miles  alternate  with  extensive  swamps  so  choked  with  reeds,  rising  from  10  or  15 
feet  below  the  water  to  an  equal  height  above,  that  it  is  difficult  to  force  a  canoe 
through  them.  Nearly  in  the  centre  of  the  continent  (lat.  17°  65'  4"  S.,  long,  ap- 
proximate 25°  47'  E.),  where  the  river  is  1000  vards  in  breadth,  a  tremendous 
chasm,  rifted  right  across  it,  engulphs  the  water  400  feet  into  the  earth,  and  forma 
the  mighty  cataract  called  the  Mosi-o-a-tunya  (smoke-sounding),  or  Victoria  Falls ; 
the  width  of  this  chasm  is  from  75  to  130  yards,  and  the  spray  cloud  (by  approxi- 
mate measurement)  rises  1200  feet,  showing  under  the  tropic  sun  a  rainbow  of  sur- 
passing brilliancy,  and  keeping  ever  wet  the  dense  forests  on  the  verge.  A  little 
more  than  two-thirds  from  the  western  end  the  dark  portals  of  the  outlet  allow  the 
water,  now  compressed  into  a  deep  green  stream,  to  escape  through  a  prolongation 
of  the  chasm,  winding  and  redoubling  abruptly  tor  many  miles,  opening  into  long 
navigable  reaches,  or  closing  in  narrow  mountain-gorges. 

The  rock  seems  split  from  the  centre  to  the  sea;  a  distance  of  800  miles,  by  some 
convulsion  of  nature,  the  resemblance  of  the  gorges  of  Lupata  and  Kebrabasa  to 
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~hrt-*  iz  ^vnaamEJr-5  .UUL  lu'CeT  H1IL  Lit.  I-^  -I  -JO  '  ?_  JlK.  S^fVOK.  V  $?  E.,  leav- 
ing -i*)  i«  -  -t  "hat  -h»*y  -v^r*  :*'*rauHl  jf  .a*  «ne  «aade.  Maws  of  the  sarfaee  rocks 
•»~m  .*£n^)»iA.  "i-.nr  -tanm^ruikx^  are  ^inmuii  in  Eaaama  Laad.  sad  cattle  graze  in 
4  "HiUD«>*^<t  -TTrnrt  Tnicaao  m  yimaqna  f  ami 

III-  not  niyinnaitiim  *>  *peak  aiiw  rf  the  at>irhriw  bcaaeh«  of  the  Zambesi,  but 
■mirr  it  rke  westernmost,  ami  it  "Jim  auia  by  whka.  k  aaant  be  made  available  for 
5tt*»  ^xainTaiina  ii  the  xr*3tt  rrvit 

Sure  1-24  it  hae  bt*ii  aown  thai:  ;ae  C^aaae.  or  Xoane  River,  readied  toe 
Adanci:  m  lat.  I~  ;».  .  it  w»  mppostd  to  rue  ia.  die  centre  of  the  continent,  and 
the  JCiknnx  if  ikavnrma  ^iu  £i.anee£ed  with  it  on.  toe  amps  -A  Messrs.  Gabon  aad 

C.  X  Anderson  in  I-sil  aad  L<VJ.     in  ls*5&  Mr.  *»»J ■■  reached  the  Okovango 

in.  IT1 '%/  S^  ami  Lomz.  apprrx.  U]^  E* :  is  was-  a  aobie  stream  fluwiag  aat  to  tie  wot, 
hit  to  tk*  «oa*»  ami  he'  muxnmlLv  conchukd  it  avast  be  tae  Choke,  or  thai  branch  of 
the  Zambesi  which  is  called  ix  H*  <feaceaded  forty  male*  ia  caaoes  to  ike  Chief 
Ch£it:neo-  ami  strain  saw  the  tmr  a  A»eree  above  hia  timjaoiat.  or  km.  17°  46*  S., 
lame  1"^  E-  when,  wurn  out  by  fev**r.  be  vu  relieved,  by  az.  Fred.  Gieea. 

A  native  txacmir  a  amp  on  the  znwad  made  the  mvr  pre  off  at  iibefces  Island 
a  amauKX  stxeaai  eaiied  the  T«cnshev  whiea  dowed  math  rant  to  Lake  Xgami.  whDe 
the  main  one  coatmned  ease  to  Sek^ietm  s  Town,  at  LiayaaU.  In  coanrntaticm  of 
this*  it  waa  ami  that  the  Ma**oio  had  const  ap  all  the  way  ia  caaoes  from  Iinyanti 
to  Libebe**.  and  had  carried  0$  vast  herd*  oft*  cattle  aad  anr  slaves. 

Mr.  Oreea,  Wilson,  Lindholnu  aad  others  aeree  in  the  belief  that  the  Okovango, 
Twfny  near  the  west  ccat*t.  Tints  only  a  saaall  part  of  its  wateia  to  the  Teongne, 
whil*  :he  amin  stream  tl*>ws  east  aa  one  of  the  f'T'im1  btaathca  of  the  7amheai 


Mr.  ftreea, accompanied  by  his  wife*  has  at  length  watcecded  in  penetrating  from 
Damara  Land  to  the  Cunene,  and  appears  to  think  that  the  two  irrera  have  their 


sources  in  the  aame  extensive  marshy  tahlelaadL  the  Okovango  flowing  blue  aad 
clear  toward  the  east,  while  the  Caneae,  turbid  with  the  soil,  gtidca  between  over- 
^nr^  trees*  or  rushes  down  the  Atlantic  face  of  the  plateaa. 

If  the  traveller  eateia  the  Pbrtngoese  country  north  of  the  Cvneae  he  may  hire 
muire  porters  with  calico  and  bine  Sehuapore;  the  American  yard-wide  calico  ia 
mnch  mixed,  as  two  widths  of  a  fathom  each  make  a  six-foot  "wrapper;  our  own 
stoat  aoable  width  unbleached  beats  it  out  of  the  market,  but  narrow  stuff  is  of 
little  Talne.  It  is  necessary  he  should  show  himself  independent  of  nat-Ye  help, 
that  he  may  obtain  it  more  readily :  and  for  this  purpose  the  boxes  in  which  he 
carries  his  goods  ought  to  be  of  uniform  size,  and  taper  so  that  he  may  put  them 
together  as  a  skiff  Copper  is  the  best  material.  Tin  rusts,  and  wood  is  eaten  by 
ants.  I  have  used  a  light  frame  of  reeds  covered  with  two  thicknesses  of  oiled 
calico ;  this  may  be  made  in  a  day  or  two*  and  with  care  is  effective  enough. 

If  he  starts  from  Damara  Land,  one  ox  waggon  wDl  carry  more  than  an  army  of 
natives ;  the  waggon  chests  may  be  of  uniform  size  and  water-tight,  the  side  chests 
being  tapered  to  make  the  bow  and  stern.  The  waggon  tilt  might  be  convertible 
into  a  boat,  or  the  sides  and  bottom  might  be  of  unsnaped  planks  to  build  one. 

I  should  prefer  sheets  of  copper  4  feet  by  2  feet,  1  lb.  to  the  foot,  eighteen  of 
which  would  build  a  boat  20  feet  long,  and  4  feet  beam.  If  put  together  with  screws 
and  nuts  it  might  be  taken  to  pieces  at  the  portages,  and  rebuilt  beyond  them.  1 
should  build  one  which  might  be  used  as  a  single  boat  in  the  narrows,  or  a  double 
canoe  with  a  commodious  aeck  in  the  broad  rivers. 

If  the  traveller  wished  to  preserve  his  waggon,  the  heavy  parts  might  be  rafted 
with  reeds ;  but  at  the  Victoria  Falls  he  would  probably  meet  some  colonial  tra- 
veller or  trader  willing  to  assist  in  carrying  his  boat  to  Logier  HilL  I  think  a 
whale  boat  or  Norway  yawl  could  pass  down  Kebrabasain  the  flooded  season;  but 
if  not,  the  Portuguese"  settlements  on  the  east  coast  would  be  within  an  easy  march, 
and  journals  or  other  valuables  might  be  removed  by  native  porters. 


On  ilu  Relation*  of  the  Abysevnian  Tributaries  of  (he  NtU  and  the  Equatorial 
Lakes  to  the  Inundations  of  Egypt.     By  Sir  S.  W.  Baxeb. 
The  author  commenced  by  giving  a  description  of  the  ancient  mystery  of  the  Nile 
and  the*  long-continued  doubt  and  speculations  as  to  the  source  of  the  annual  in 


m  t* 
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tions  and  liver  deposit  which  caused  the  fertility  of  Egypt.  n&l£^4  K^k^gri&V*^ 
form  of  a  brief  narrative  of  his  own  explorations,  first  of  the  Abym^^^Mkixwifi^i^^ 
and  then  of  the  lakes  at  the  head  of  the  White  Nile,  an  account  oTt§F  Lwu  Bbpa- 
rate  sources,  first,  of  the  inundations  and  fertilizing  mud,  and,  secondly,  of  the 
perennial  flow  of  water  which  prevented  the  Lower  Nile  from  becoming  annually 
dry  when  the  inundation  ceased.  His  exploration  of  the  Atbara  and  Blue  Nile, 
in  1861?  was  undertaken  mainly  for  the  purpose  of  investigating  their  relations  to 
the  mam  stream.  The  attempts  of  the  ancient  Egyptians,  and  afterwards  of 
Nero's  centurions,  to  ascend  to  the  sources  of  the  rale  all  failed;  the  latter 
ascended  to  a  point  where  the  White  Nile  expanded  into  vast  marshes  in  about 
9°  N.  lat.  No  other  expedition  went  so  far,  until  the  one  under  St.  Arnaud, 
despatched  by  the  Viceroy  Mehemet  Ali,  one  result  of  which  was  the  establish- 
ment of  the  trading  settlement  of  Gondofcoro,  the  starting-point  of  his  own  expe- 
dition to  the  great  Lakes.  When  he  reached  the  Atbara,  from  Cairo,  on  the  13th 
of  June  1861,  he  found  the  broad  and  deep  bed  of  the  river  almost  entirely  dry. 
He  looked  in  vain  for  a  river,  but  not  a  drop  of  water  flowed  from  it  into  the 
Nile.  Ascending  for  180  miles  to  Gozerarup,  he  witnessed,  on  the  23rd  of  June, 
the  sudden  on-coming  of  the  flood  caused  by  the  heavy  rainfall  of  Abyssinia  at 
the  commencement  of  the  wet  season.  In  a  few  minutes  the  Atbara  was  no 
longer  a  desert,  but  a  noble  river,  20  feet  deep  and  600  yards  wide.  Further  up, 
at  Goorasse*,  he  reached  the  country  whence  the  Atbara  derives  the  vast  amount 
of  rich  soil  which  it  carries  down  towards  Egypt  The  waters  were  of  the  con- 
sistency of  soup.  He  crossed  in  succession  a  number  of  its  tributaries,  and  found 
the  general  trend  of  the  drainage  from  S.E.  to  N.W.  The  Settite,  or  Taccazzy, 
is  the  principal  tributary,  and  brings  down  almost  the  entire  drainage  of  Eastern 
Abyssinia.  It  has  the  same  character  as  the  Atbara,  with  the  exception  that  it 
does  not  become  dry  in  the  dry  season.  Alter  being  delayed  for  many  weeks  by 
the  heavy  rains,  he  resumed  his  journey,  and,  descending  by  the  banks  of  the  Blue 
Nile,  reached  Khartum  on  the  11  th  of  June  1862,  having  been  just  twelve  months 
on  the  journey.  The  full  significance  of  the  fluvial  phenomena  which  he  had 
observed  on  this  expedition  he  did  not  appreciate  until  ne  arrived  in  the  region  of 
the  great  lakes  near  the  equator,  which  ne  now  prepared  to  visit.  On  sailing  up 
the  White  Nile  he  found  a  complete  contrast  to  the  rivers  which  descend  irom 
Abyssinia.  For  forty-five  days  he  struggled  through  the  almost  boundless  swamps 
through  which  it  flows.  He  passed  the  point  at  which  Nero's  centurions  had 
turned  back,  and  the  thought  came  to  his  mind  that  what  the  Romans  had  failed 
to  do  might  perhaps  be  accomplished  by  Englishmen.  At  length  the  elevated  land 
on  which  Gondokoro  is  situated  was  reached,  and  from  thence,  with  great  diffi- 
culty, and  after  many  perils,  the  narrative  of  which  he  had  already  presented  to 
the  public,  he  reached  the  shores  of  the  great  lake.  The  result  of  his  examination 
was  to  prove  that  the  main  river  of  the  Nile  makes  its  exit  in  a  perennial  stream 
from  the  Albert  Nyanza,  and  that  the  river  discovered  by  Speke,  and  flowing  from 
the  Victoria  Nyanza,  was  a  tributary,  discharging  its  waters  into  the  Albert,  and 
following  the  same  course  as  all  the  eastern  affluents  of  the  Nile,  namely,  from 
S.E.  to  N.W.  With  regard  to  the  disputed  question  of  the  sources  of  the  Nile, 
we  ought  to  speak  comparatively,  and  not  look  to  the  ultimate  spring  whence  the 
remotest  tributary  of  such  a  lake  flowed,  but  accept  this  peat  reservoir  as  the  true 
source.  He  believed  geographers  were  in  error  m  denying  that  a  lake  could  be  a 
source.  He  believed  that  no  geographer  in  England  or  on  the  continent  now 
refused  his  assent  to  the  statement  that  the  White  Nile  flowed  out  of  the  Albert 
Nyanza.  The  continuity*  of  the  river  discovered  by  Speke  and  Grant,  now  called 
the  Victoria  Nile,  was  also  now  accepted  as  a  fact  He  believed  that  there  was 
no  connexion  between  the  Tanganyika  and  the  Albert  Lake,  but  that  the  watershed 
of  the  drainage  to  the  south  and  north  lies  between  the  two.  The  fullest  credence 
might  be  given  to  the  altitudes  which  he  had  given,  as  they  were  made  by 
Casella's  thermometers,  proved  at  Kew  before  leaving  England,  and  again  proved 
after  his  return.  Now  the  relation  of  the  White  Nile  to  the  fertility  of  Egypt 
was  this :  Epypt  would  be  utterly  annihilated  if  it  depended  for  its  irrigation  on 
the  Abyssinian  rivers.  These  simply  cause  the  annual  inundations,  and  are  full 
4>nly  three  months  in  the  year,  corresponding  with  the  three  months'  rainfall  in  Abys- 
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einia,  from  June  to  September.  The  supply  of  water  from  the  great  White  Kile 
lakes  is  constant,  for  they  are  fed  by  a  ten  months'  rainfall  over  the  high  lands 
near  the  equator.  It  is  this  ready  flow  which  prevents  Egypt  from  becoming  a 
desert,  and  it  is  great  enough  to  overcome  the  great  absorption  in  the  extensive 
sandy  regions  which  intervene.  When  no  rain  falls  in  Abyssinia,  the  supply  from 
the  lakes  keeps  up  the  flow  of  the  Nile  until  the  rainy  season  cornea  round  again. 
On  the  other  hand,  the  fertilizing  soil  which  annually  overspreads  the  Delta  is  due 
exclusively  to  the  rich  sediment  brought  down  by  the  Abyssinian  tributaries. 

Observations  on  the  Character  of  the  Negro  Tribes  of  Central  Africa. 
By  Sir  Samuel  Baser. 
In  this  discourse  the  author  passed  in  review  the  various  tribes  he  had  visited 
on  his  journey  to  the  region  of  the  Equatorial  Lakes  of  the  Nile,  and  in  a  series 
of  sketches  illustrated  the  principle  that  the  character  of  the  tribes  depended  on 
the  physical  conditions  and  productions  of  the  locality  they  inhabited.  He  said 
that  true  negroes  commenced,  in  ascending  from  Egypt,  at  15°  north  latitude. 
The  first  tribes  he  met  with  were  those  inhabiting  the  region  of  morasses  extend- 
ing on  each  side  the  White  Nile  to  about  5°  N.  lat  These  wero  the  lowest,  both 
in  corporeal  condition  and  moral  character.  Their  forms  were  emaciated  and 
filthy ;  they  went  without  clothing,  had  no  religion,  and  their  cookery  consisted 
in  grinding  the  bones  of  animals  between  stones  to  make  soup  of.  No  iron  ore 
was  found  in  this  region,  and  consequently  they  were  deprived  of  the  great 
civilizing  advantages  attendant  on  the  art  of  working  this  metal  Other  tribes 
further  south  who  practise  this  art  have  been  helped  by  it  to  attain  a  considerable 
degree  of  culture.  The  iron  weapons  of  the  Latooka  tribe  are  of  exquisite  work- 
manship, and  the  Unyoro  people  nave  even  invented  a  kind  of  hoe,  which  Euro- 
peans might  imitate  to  their  advantage.  All  the  tribes  who  are  thus  favoured  live 
in  the  elevated  lands  near  the  equator,  and  the  iron-dust  which  supplies  them  with 
the  metal  is  found  in  the  mountains.  The  presence  of  the  Tsetse  fly  has  a  remark- 
able indirect  influence  on  the  civilization  of  the  tribes.  This  fly  is  most  capricious 
in  its  distribution — present  in  one  area  of  the  country  and  absent  from  another. 
Wherever  it  is  present  no  cattle  can  be  kept ;  consequently  the  natives  are 
deprived  of  this  civilizing  influence,  for  the  possession  of  cattle  elevates  the 
character  of  a  tribe  in  various  ways ;  it  promotes  industry,  ensures  a  supply  of 
nourishing  food,  and,  by  the  necessity  of  defending  the  herds  against  all  comers, 
developes  a  warlike  spirit  and  organization.  The  Unyoro  people,  under  die  in- 
fluence of  these  local  advantages,  have  become  the  most  advanced  nation  in 
Central  Africa ;  they  are  well  clothed  and  clean  in  their  persons,  courteous  and 
dignified  in  demeanour,  and  susceptible  of  enlarged  political  organization.  The 
speaker  pointed  out,  in  a  clear  manner,  the  way  in  which  the  tribes  of  Central 
Africa  may  be  brought  under  the  influence  of  European  civilization  and  into  an 
intercourse  which  would  be  beneficial  both  to  us  and  to  them.  He  showed  that 
formerly  a  considerable  trade  existed  between  the  east  coast  and  the  Equatorial 
Lakes,  and  that  the  line  of  trade  extended  south  and  north  along  their  shores. 
Ptolemy  was  indebted  for  his  knowledge  of  these  lakes  to  the  traders  of  his  time, 
A  trade  with  Europe  might  be  developed  along  this  line ;  but  before  any  bene- 
ficial intercourse  can  be  commenced  the  internal  slave-trade  must  be  extinguished. 
He  gave  his  view  of  the  negro  character  in  general,  and  stated,  as  his  conviction, 
that  it  was  improveable  only  under  the  wise  and  considerate  guidance  of  the  white 
man.  Commerce,  properly  conducted,  would  ultimately  civilize  the  negroes  of 
these  rich  countries  of  Central  Africa. 


On  the  Lake  Kura  of  Arabian  Geographers  and  Cartographers. 
By  Chaeles  T.  Beke,  Ph.D.,  F.S.A.,  F.B.GJ3. 
In  Lelewel's  'Geographic  du  Moyen  Age,'  there  is  a  map,  said  to  be  taken  from 
an  Arabian  work  a.d.  883,  in  which  a  lake,  named  Eura-Kavar,  giving  rise  to  die 
Nile,  is  found  situated  on  the  equator.  This  has  been  adduced  as  a  proof  that  the 
Arabians  1000  years  ago  possessed  a  more  accurate  knowledge  of  the  upper  waters 
of  the  Nile  than  geographers  of  the  present  century  previously  to  the  recent  disco- 
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veries.  The  author  argued  that  Lake  Kura  does  not  represent  the  equatorial  waters 
discovered  by  Burton,  Speke,  and  Baker,  hut  the  lakes  or  marshes  in  about  0° 
north  latitude,  at  the  junction  of  the  Bahr  el  G nazal  with  the  Bahr  el  Abyad,  known 
as  Lakes  No,  Nu,  or  Berket  el  G  nazal.  Ancient  geographers  placed  much  too  far  south 
all  the  lakes  connected  with  the  Nile  of  which  they  had  heard,  their  error  being 
caused  by  an  incorrect  computation  of  itineraries  or  estimate  of  distances.  Lake 
Kura,  or  No,  was  described  by  the  author  in  1846,  in  his  paper  on  "  The  Nile  and 
its  Tributaries,"  printed  in  the  l  Journal  of  the  Royal  Geographical  Society,'  vol. 
zvii.  p.  67.  It  is  also  laid  down  in  the  map  of  the  basin  of  the  Nile  (1859)  accom- 
panying his  work, '  The  Sources  of  the  Nile/  published  in  1860. 


On  the  Possibility  of  Turning  the  Waters  of  the  Nile  into  (he  Bed  Sea. 
By  Chakles  T.  Beke,  Ph.D.,  F.S.A.,  F.B.G.JS. 

It  too  often  happens  that  a  tradition  which  is  founded  on  fact  is  so  misunder- 
stood and  misrepresented  by  commentators,  as  to  assume  a  character  totally  at 
variance  with  the  truth,  and  thus  eventually  to  be  regarded  as  a  mere  fable.  The 
separation  of  the  original  history  from  the  commentary  would  at  once  prove  its 
fabulous  character  to  nave  been  derived  from  the  latter ;  but  in  many  cases  so  in- 
timately have  the  two  become  incorporated  that  it  is  difficult,  if  not  impossible,  to 
distinguish  rightly  between  them. 

The  author  referred  to  his  work  l  Origines  Biblicae '  as  showing  how  extensively 
an  erroneous  construction  was  put  on  points  of  Biblical  eeograpny  and  history  by 
early  translators  and  commentators ,-  and  he  now  adduced  a  remarkable  instance  of 
the  like  process  with  respect  to  the  tradition  that  the  rulers  of  Ethiopia  possessed, 
and  had  at  times  exercised,  the  power  to  prevent  the  waters  of  the  Nile  from  flowing 
down  into  Egypt  and  fertilizing  its  lands. 

The  Egyptian  historian,  George  Elmacin,  in  the  13th  century,  records  that  the 
Nile  having  failed  in  the  time  of  Michael,  Patriarch  of  Alexandria  (a.t>.  1092-95),  he 
was  sent  by  Mustansir  Billah,  Khalif  of  Egypt,  on  a  mission  to  the  King  of  Habesh, 
who  at  his  instance  caused  the  dam  that  had  been  constructed  to  be  removed,  so 
that  in  one  night  the  Nile  rose  three  cubits,  and  the  fields  of  Egypt  were  in  conse- 
quence watered  and  sown. 

In  confirmation  of  this  is  the  statement  of  the  Emperor  John  Cantacuzene,  in  the 
15th  century.     And  further,  in  the  beginning  of  the  following  century,  Albu- 

Suerque,  Viceroy  of  India,  applied  to  Emanuel,  King  of  Portugal,  for  labourers  to 
e  sent  from  the  Island  of  Madeira,  who  were  practised  in  digging  canals,  in  order 
that  they  might  turn  the  course  of  the  Nile  towards  the  Red  Sea.  That  in  the 
opinion  of  the  native  Abessinians  they  always  possessed  the  power  to  do  so,  is 
evidenced  by  the  representations  made  to  the  learned  Job  Ludolf  in  the  17th  cen- 
tury by  his  Abessinian  friend,  Abba  Gregorius. 

All  these  authorities  point  to  the  low  countries  lying  to  the  north  of  Abessinia 
as  the  general  position  of  the  scene  of  operations.  In  opposition  to  them  is  the 
circumstantial  statement  of  the  traveller  Bruce,  that  about  the  year  1200,  Lalibala, 
King  of  Abessinia,  intersected  and  carried  into  the  Indian  Ocean  two  large  rivers, 
which  have  ever  since  flowed  that  way,  and  that,  had  he  lived,  he  would  have 
carried  a  level  to  Lake  Zuwai,  in  the  south  of  Shoa,  where  many  rivers  empty 
themselves.  Dr.  Beke  adduced  conclusive  proofs  of  the  entire  groundlessness  of 
this  statement ;  which,  however,  is  made  so  circumstantially  and  authoritatively  as 
to  have  caused  the  two  secondary  ideas  of  King  Lalibala  and  Lake  Zuwai  to  be 
blended  with  the  primary  one,  so  that  subsequent  travellers  and  writers  have  treated 
the  subject  as  if  tney  were  integral  portions  of  the  original  tradition. 

Considering  the  tradition  in  its  original  form,  unincumbered  by  any  notions  re- 
specting King  Lalibala  and  Lake  Zuwai,  Dr.  Beke  pointed  out  that  the  dominions 
of  the  earlv  sovereigns  of  Ethiopia  extended  in  a  northerly  direction,  probably  as 
far  as  18°  ft.  lat,  where  they  bordered  on  the  territories  of  the  Sultans  of  Egypt ; 
and  he  showed  that  it  was  to  the  ruler  of  this  low  and  level  country  that  the  patriarch 
Michael  was  sent. 

The  river  flowing  through  the  dominions  of  this  sovereign  was  neither  the  main 
stream  of  the  Nile  nor  yet  its  principal  Abessinian  branch,  the  Astapus,  Blue  ftiver, 
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or  Ahai ;  but,  on  the  contrary,  the  Tdkkazye  or  Setit,  of  which  the  lower  portion  is 
the  Atbara  or  Astaboras.  This  is  established  by  the  Ethiopian  version  of  the 
Scriptures,  and  by  the  Adulitic  inscription  of  Cosmas  Indicopleustes,  in  which 
the  two  names  are  synonymous ;  so  that  the  Atbara  or  Takkazye  was  ike  riTer, — the 
Nile  of  the  tradition. 

From  the  description  given  of  this  river  by  several  modern  travellers,  especially 
M.  Linant,  it  appears  that  the  Atbara  is  called  Bahr  el  Aswad,  or  Black  River, 
from  the  quantity  of  black  earth  brought  down  by  it  during  the  rains,  which  is 
so  great  as  to  discolour  the  main  stream  of  the  Nile ;  it  is  this  branch  which  is  the 
best  source  of  irrigation,  as  it  contributes  most  of  the  slime  that  manures  the  lands 
in  Egypt ;  that  it  might  easily  be  turned  into  the  Red  Sea  near  Suwakin ;  and  that, 
in  fact,  the  remains  of  a  bed  or  canal,  already  traced  by  human  hands,  exist  from  the 
Atbara  to  the  Red  Sea. 

The  paper  of  which  the  foregoing  is  an  abstract  was  written  by  Dr.  Beke  for  the 
Meeting  of  the  British  Association  at  Ipswich,  in  1851.  But,  reflecting  on  the 
imnortance  of  the  subject,  he  decided  on  first  submitting  it  to  the  late  viscount 
Pannerston,  by  whom  it  was  not  returned  till  that  Meeting  was  over ;  and  the 
author  had  not  cared  to  avail  himself  of  any  other  opportunity  until  now,  when  he 
possessed  the  means  of  establishing  the  correctness  of  his  former  opinions. 

In  1856,  when  preparing  for  the  press  his  work,  '  The  Sources  of  the  Nile,' 
published  in  I860,  Dr.  Beke  identified  the  position  of  the  city  of  Ptolemais  Theron, 
founded  on  the  western  coast  of  the  Red  Sea  in  the  reign  of  Ptolemy  Philadelphus, 
the  identification  having  been  made  by  the  simple  comparison  of  two  descriptions 
of  the  spot  given  at  an  interval  of  2000  years,  the  one  by  the  Greek  geographer 
Artemidorus,  and  the  other  by  Captains  Moresby  and  Elwon,  of  the  Indian  Navy. 
This  identification  led  to  the  appreciation  of  the  truth  of  the  further  statement  of 
Artemidorus,  that,  in  the  neighbourhood  of  Ptolemais,  a  branch  of  the  Astaboras 
discharged  itself  into  the  Red  Sea,  which  branch  had  its  source  in  a  lake,  and  emp- 
tied part  of  its  waters  here,  but  the  larger  portion  went  to  the  Nile. 

Tins  "  branch  of  the  Astaboras  "  Dr.  Beke  identified  with  the  Khor  el  Gash,  the 
lower  course  of  the  river  Mareb  of  Abessinia,  whose  waters  in  the  rainy  season 

rad  themselves  over  the  district  of  Taka,  which  then  resembles  a  lake,  and  thence 
harge  themselves  by  two  outlets,  the  one  going  towards  the  Atbara,  and  the 
other  towards  the  Red  sea,  near  Suwakin. 

That  this  is  the  case  as  regards  the  latter  outlet  is  now  established  as  a  feet  by 
the  investigations  of  Dr.  Schweinfiirth,  who  in  April  1865  travelled  from  Suwakin  to 
Taka,  and  states  that  the  Gash  is  a  tributary  to,  or  synonymous  with,  the  Wady 
Langeb,  which  is  laid  down  by  him  as  running  northwards  to  Tokar,near  SuwakiD, 
where  Dr.  Beke  had  approximatively  laid  down  this  "  branch  of  the  Astaboras  "  on 
the  authority  of  Artemidorus. 

To  show  how  the  waters  of  the  Atbara  or  Astaboras  might  be  turned  into  the 
Khorel  Gash,  and  so  made  to  flow  towards  the  Red  Sea  instead  of  down  the  main 
stream  of  the  Nile  to  Egypt,  the  author  cited  M.  Ferdinand  Werne's  narrative  of 
an  attempt  made  in  1840  by  Ahmed  Pasha,  governor  of  Sennar,  to  turn  the  waters 
of  the  Gash  into  the  Atbara ;  and  though  the  attempt  was  frustrated  by  the  natives, 
the  particulars  recorded  prove  the  practicability  of  the  undertaking.  But  if  the 
Gash  may  be  turned  into  the  Atbara  by  means  of  a  mere  dam  and  canal,  the  con- 
verse must  in  like  manner  be  practicable ;  that  is  to  say,  the  waters  of  the  Atbara 
might,  by  similar  means,  be  turned  into  the  Gash,  and  so  made  to  run  towards  the 
Red  Sea,  to  which  the  fall  is  1200  feet  or  more. 

Thus  the  main  stream  of  the  Nile  being  deprived  of  so  great  a  bulk  of  its  waters, 
and  especially  of  that  portion  of  them  which  contains  the  fertilising  principle,  the 
dire  results  recorded  in  history  could  not  fail  to  ensue. 

In  conclusion,  the  author  adverted  to  the  not  improbable  rise  of  a  great  Ethi- 
opian empire,  having  the  power  to  subject  Egypt  by  the  possession  of  the  country 
through  which  the  Ethiopian  Nile  flows,  even  more  readily  than  by  the  force  of 
arms;  and  he  pointed  out  the  important  relation  which  the  solution  of  this  geo- 
graphical question  of  the  diverting  of  the  waters  of  this  river  bears,  not  merely  to 
the  material  prosperity,  but  also  to  the  political  and  even  the  social  existence  of  a 
country,  which  plays  so  important  a  part  both  in  ancient  and  modern  history,  and 
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which  is  daily  rising  in  importance  from  her  commanding  position  on  the  direct 
high  road  between  the  western  and  eastern  hemispheres. 

On  the  Eruption  at  Santorin,  and  its  Present  Condition, 
By  Commander  Lindsay  Bbixe,  R.N. 

On  the  Physical  Geography  and  Tribes  of  Western  Equatorial  Africa. 
By  P.  B.  Du  Chailltj. 
The  author  commenced  by  giving  a  (general  description  of  the  region  of  Western 
Equatorial  Africa,  which  he  traversed  during  his  last  journey  in  1864-66.  There  was 
a  remarkable  absence  in  the  forests  he  explored  of  the  species  of  animals  which  are  so 
characteristic  of  Africa.  He  found  neither  lion,  rhinoceros,  zebra,  giraffe,  ostrich, 
eland,  or  gazelle.  On  the  other  hand;  several  peculiar  species  of  apes  were  found,  and 
it  was  the  central  home  of  the  gorilla.  The  scarcity  of  birds  and  of  animal  life 
generally  was  also  remarkable.  The  highest  temperature  observed  in  the  interior 
was  08°  Fahr.,  the  lowest  63°.  In  July  the  heat  was  never  greater  than  72°.  The 
hottest  months  were  February  to  April,  in  which  the  rains  were  heaviest :  as  much 
as  7J  inches  were  once  measured  by  him  as  having  fallen  within  twenty-four  hours. 
In  the  interior  there  was  no  distinct  dry  season,  as  on  the  coast.  The  author 
never,  except  on  two  occasions,  saw  the  sky  entirely  free  from  cloud ;  and  the 
cloudiness  of  the  heavens  increased  the  further  he  marched  towards  the  east. 
Whilst  makimr  astronomical  observations  at  night  the  sky  would  very  often 
become  suddenly  covered  by  a  coat  of  grey  vapour,  always  coming  from  the  south- 
east, and  lasting  an  hour  or  two,  but  renewed  more  than  once  during  the  night. 
The  distribution  of  the  native  tribes  offered  some  interesting  peculiarities.  For 
instance,  two  tribes  speaking  the  same  language  are  sometimes  separated  by  a 
third  tnbe  speaking  a  totally  different  language.  The  state  of  political  disinte- 
gration is  complete.  No  tribe  is  united  under  one  chief,  but  is  divided  into  many 
clams,  each  having  its  own  chief ;  and  in  many  cases  each  little  village  has  its 
independent  chief.  The  chiefs  have  not  the  power  of  life  and  death  over  their 
subjects,  as  in  the  tribes  of  Eastern  Africa  described  by  Speke,  Grant,  and  Baker. 
Their  rule  is  mild  and  patriarchal.  The  population  everywhere  was  scanty,  and 
the  distinctness  of  the  tribes  he  believed  to  nave  been  kept  up  by  their  not  having 
come  in  contact  in-  their  migrations,  but,  owing  to  the  wide  extent  of  unoccupied 
territory,  settled  down  without  knowing  of  the  existence  of  neighbours.  It  is  only 
on  the  river-banks  that  they  have  come  into  contact,  as  all  the  tribes  press  to- 
wards the  rivers.  There  are  no  cannibals  south  of  the  equator.  The  curious  hairy 
dwarfs  live  scattered  in  small  hordes  amongst  other  tribes.  lie  found  a  few 
words  in  the  native  languages  almost  identical  with  words  in  the  East  African 
languages.  It  was  an  interesting  inquiry,  what  existed  in  the  thousand  miles  of 
unexplored  country  lying  between  the  author's  furthest  point  and  the  shores  of  the 
Albert  Nyanza  P  We  might  conclude,  however,  that  it  was  a  country  of  con- 
siderable elevation,  and  probably  wooded,  varied,  and  picturesque ;  for  Baker  saw 
towards  the  west  a  range  of  mountains,  and  the  country  from  the  west  coast 
becomes  gradually  higher  towards  the  east.  Considering  also  the  humidity  of 
the  climate,  and  the  small  size  of  the  rivers  which  find  their  way  into  the  sea,  it 
might  be  concluded  that  there  was  a  great  drainage  of  waters  towards  some 
inland  sea,  or  that  there  were  other  great  lakes  on  the  equator  west  of  Albert 
Nyanza.  

On  Andorra.    By  Br.  Chabhocb:. 

On  Cassar's  Account  of  Britain  and  its  Inhabitants.    By  J.  Cbawtubb,  F.R.S. 

On  the  Migration  of  Cultivated  Plants  with  reference  to  Ethnology. 
By  John  Crawford,  F.B.S. 
The  earliest  vegetable  food  of  man,  according  to  the  author,  must  have  been 
wild  fruits,  seeds,  an4  ioot*>  the  species  necessarily  varying  with  climate.    Some 
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races  of  man  are  still  confined  to  these  primitive  articles.  The  most  important 
of  these  food-plants  are  those  which  can  be  made  into  bread,  such  as  the  cereals. 
With  the  exception  of  rice,  not  one  of  the  cereals  can  be  traced  with  undoubted 
certainty,  nor  can  we  state  their  parent  countries :  this  must  be  received  as  evidence 
of  the  vast  antiquity  of  their  cultivation.  Wheat  and  barley  must  have  been  well 
known  to  the  Egyptians  before  the  earliest  of  the  pyramids  was  built,  for  a  people 
feeding  on  roots  and  fruits  could  not  have  possessed  the  power  or  the  skill  indis- 
pensable to  the  construction  of  those  stupendous  monuments.  With  regard  to 
legumes,  several  of  the  cultivated  kinds  can  be  traced  to  their  wild  originals.  Lan- 
guage often  throws  light  on  the  birthplace  and  migration  of  cultivated  plants,  and 
the  result  of  this  line  of  investigation  in  regard  to  the  cereals  has  been  to  show 
that  they  originated  at  many  separate  points.  The  influence  of  the  various  food- 
plants  on  the  character  and  civilization  of  the  races  of  man  was  dilated  upon  by 
the  author,  who  concluded  that  no  people  ever  attained  a  tolerable  degree  of 
cultivation  without  the  possession  of  the  higher  cerealia.  Had  the  food  of  the 
Britons  some  2000  years  ago  been  confined  to  the  potato,  Julius  Caesar  would 
unquestionably  have  found  our  ancestors  far  greater  barbarians  than  he  describes 
them  to  have  been.  

On  the  Invention  and  History  of  Written  Languages, 
By  Jobs  Crawfxtrd,  F.BJS. 
The  first  attempts  of  man  towards  making  a  visible  record  of  ideas  must  have 
consisted  of  pictorial  representations  of  natural  objects.  The  imperfect  and  un- 
tractable  nature  of  symbolic  writing  must,  however;  have  early  presented  itself  to 
most  nations,  and  accordingly  two  people  only,  the  Egyptians  and  Chinese,  ap- 
peared to  have  persevered  in  using  it.  Among  the  more  precocious  races  of  man 
gifted  with  a  fair  share  of  intellectual  capacity,  vocal  or  phonetic  writing  seems  to 
have  been  invented  as  soon  as  such  a  state  of  society  had  been  reached  as  allowed 
of  the  existence  of  a  class  of  men  that  had  leisure  for  meditation.  There  conse- 
quently exists  hardly  a  nation  of  Asia,  from  the  Mediterranean  to  the  western 
confines  of  China,  that  has  not  invented  phonetic  writing  and  been  immemorially  in 
possession  of  alphabets  of  more  or  less  perfection  in  proportion  to  their  degrees  of 
civilization.  _____ 

On  tome  of  the  Bearings  of  Archaeology  upon  certain  Ethnological  Problems 
and  Researches.  By  It.  Draw,  F. JR.  CJ3„  Vice-President  of  the  Ethnological 
Society  of  London. 

Mr.  Dunn  bepan  by  remarking  that  there  was'  a  fascination  about  the  subject 
of  prehistoric  times  and  prehistoric  man — about  the  revolutions  of  our  globe  as 
revealed  to  us  by  geological  investigation,  and  of  the  generations  of  mankind  by 
archaeological  researches,  and  that  the  very  obscurity  of  the  subject  whets  our  zeal 
in  its  investigation.  He  asked  what  could  be  more  fascinating  than  the  wonders 
of  geology  as  we  ponder  over  the  revolutions  which  the  earth  has  undergone— 
search  after  the  evidences  of  the  first  appearance  of  life  upon  its  surface,  and 
recognize  in  its  successive  and  changing  pnases  the  varying  animal  forms,  rising 
higher  and  still  higher  in  the  complexity  of  their  structure  up  to  the  advent  of 
man  himself — to  us  the  crowning  theme  of  all  these  wonders.  But  when  did  he 
first  appear  P  Was  he  pliocene,  miocene,  or  still  more  ancient  P  All  that  we  can 
assume  is  that  in  the  fullness  of  time,  when  the  earth  was  fitted  for  his  reception 
by  the  fiat  of  the  Almighty,  man  made  his  appearance.  Then  was  brought  into 
existence  a  being  in  whom  that  subtle  force  which  we  call  mind  was  the  grand  and 
distinguished  attribute,  raising  him  so  immeasurably  in  the  scale  of  being  above 
the  whole  brute  creation.  He  dwelt  on  the  antiquity  of  man,  remarking  that  the 
men  of  the  Drift  shared  the  possession  of  the  forest-clad  valleys  and  plains  of 
Europe  with  the  mammoth,  the  cave  bear,  and  the  woolly-haired  rhinoceros,  when 
the  British  isles  were  alike  united  to  one  another  and  to  the  continent  of  Europe ; 
observing  Lartet's  exploration  of  the  Cave  of  Aurigpac  in  the  Pyrenees,  not  only 
as  proving  the  high  antiquity  of  man,  but  as  tracing  back  the  sacred  rights  of 
burial;  and  also  the  still  more  important  belief  in  a  future  state  of  existence,  to 
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times  long  anterior  to  history  and  tradition.  To  the  cave  men  of  those  days  and 
to  the  rude  tribes  on  the  valley  of  the  Somme,  with  their  rude  flint  implements, 
he  found  a  parallel  among  existing  savages  and  the  Esquimaux  tribes  of  the 
present  day.  Archffiotagy,  he  said,  was  the  link  which  connects  prehistoric  man 
with  history;** and,  as  Sir  J.  Lubbock  had  so  well  remarked,  "they  were  too 
studied  in  their  works — houses  for  the  living,  tombs  for  the  dead,  fortifications 
for  defence,  temples  for  worship,  implements  for  use,  and  ornaments  for  decora- 
tion." In  their  modes  of  sepulchre,  their  tumuli,  cromlechs,  dolmens,  and 
cistvaens,  we  had  unmistakeable  evidence  of  differences  of  race  and  of  phases  of 
civilization,  for  these  ancient  tumuli  did  not  belong  to  one  period  nor  to  one  race 
of  man.  In  the  tumuli  of  Denmark,  during  the  stone  and  oronze  ages,  the  di- 
stinctive characteristics  were  so  marked  and  striking  as  to  point  to  men  of  the 
bronze  period  as  being  a  new  race  in  a  much  higher  state  of  civilization,  and  who 
had  exterminated  the  previous  inhabitants.  Their  very  general  practice  of  crema- 
tion had  deprived  us  or  one  important  source  of  evidence,  in  the  shape  of  the  skull, 
as  to  their  facial  type.  Human  palaeontology,  however,  had  made  plain  to  us  that 
in  the  pre-Celtic  times  there  existed  both  a  Drachycephalic  and  a  aolichocephalic 
race,  as  primitive  peoples,  in  Europe.  He  next  passed  to  the  consideration  of 
primeval  man.  After  comparing  civilized  with  savage  man,  our  own  condition 
with  that  of  those  to  whom  the  uluminatin?  rays  of  civilization  had  never  reached, 
or  among  whom  they  had  become  extinguished!,  and  after  having  pointed  out,  in 
their  respective  bony  crania,  distinctive  differences  impressed  and  stamped  upon 
them,  as  unmistakeable  and  indisputable  evidence  of  elevation  and  degradation  of 
type,  he  discussed  the  important  questions  as  to  whether  in  time  these  types  were 
convertible,  and,  if  so,  which  was  primordial. 

On  a  Proposed  Ethnological  Congress  at  Calcutta. 
By  Sir  Waltbb  Elliott,  K.C.B. 
A  congress  of  a  novel  kind  has  recently  been  proposed  at  Calcutta  by  Dr.  Fayrer : 
namely,  an  assemblage  of  living  examples  of  all  the  races  of  men  of  the  old  world 
for  ethnological  study ;  to  take  place  on  the  occasion  of  the  Industrial  Exhibition 
to  be  held  in  1869-70.  The  proposition  has  been  warmly  taken  up  by  the  Asiatic 
Society  of  Bengal.  At  the  same  time  the  Council  of  the  Society  suggested  a 
modified  scheme  confined  to  the  subordinate  governments  of  Bengal,  for  an  ethno- 
logical congress  of  all  the  tribes  found  in  Bengal,  Nipal,  Burma,  the  Andaman  and 
Nicobar  Islands ;  to  form  part  of  the  Local  Agricultural  Exhibition  of  1867-68. 
The  author  proposed  in  his  paper  a  third  scheme,  intermediate  between  these  two, 
namely,  an  assemblage  of  individuals  of  all  the  races  found  in.British  India.  This 
would  be  more  practicable  than  the  larger  scheme,  and  more  useful  than  the  smaller. 
To  show  the  large  field  for  ethnological  comparison  in  this  assemblage,  the  existing 
population  was  described  as  consisting  of  three  principal  divisions.  1.  As  de- 
scended from  aboriginal  races  and  the  servile  classes ;  2.  from  the  Tamil  or  Dra- 
vidian  races ;  3.  from  Hindi  immigrants,  whose  language  has  been  modified  and 
perfected  by  Sanscrit  The  first  are  represented  by  the  small  communities  in- 
habiting mountain-ranges  and  dense  forests,  and  speaking  the  most  ancient 
dialects  deemed  of  Turanian  origin.  The  second  contains  the  more  civilized  Tamil 
peoples.  The  servile  classes  have  naturally  adopted  the  modern  or  polished  Tamil, 
but  that  it  is  foreign  to  them  is  shown  ov  their  inability  to  pronounce  words 
containing  a  remarkable  Tamil  letter,  equally  a  Sibboleth  to  Europeans,  and  which 
is  generally  rendered  by  an  /,  or  sometimes  by  an  r.  A  striking  characteristic  of 
all  the  aboriginal  races  is  their  demonolatry,  in  the  sense  of  the  Greek  word. 
They  honour  the  spirits  of  their  ancestors  as  beneficent  beings.  A  festival 
observed  annually  or  at  longer  intervals,  in  honour  of  the  village  goddess,  to 
propitiate  her  protection  from  loss  of  crops  or  epidemic  disease,  affords  a  curious 
illustration  of  the  religious  belief  of  this  class.  The  officiating  priests  all  belong  to 
the  servile  class;  and  the  ceremonies  consist  of  offerings  of  cattle  and  saturnalia. 
The  author  referred  to  the  Dhangara  as  remarkable  for  their  love  of  truth,  and 
their  similarity  in  this  respect  to  the  Gonds  of  Central  India  and  the  Sonthals  of 
the  North.  
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Notes  on  Enter*  Persia  and  Western  Behothiskm.  ByCoLF.J.  Goldod. 
This  memoir  gave  the  minejoal  results  of  journeys  into  little-known  countries 
undertaken  by  the  author  (in  1864-66)  in  suri  eying  the  fine  for  the  Indian  tele- 
graph. The  most  important  portion  of  his  travels  was  tint  between  Sahristan, 
§  E.  of  Kirman,  and  (Jhou,  on  the  coast  of  Beloochiatan  rid  Rampur  and  the  ftw 
of  Fanoeh.  The  author  found  that  the  chr  of  Kirman  fies  vary  much  more  to  tike 
eastward  and  fees  to  the  southward  of  Tead  than  it  is  supposed.  In  the  inarch 
from  Regan  to  Bampar  Colonel  Goldsmid  passed  along  a  track  different  from  that 
marked  on  Ptttingers  map:  and  between  Bampar  and  the  sea  the  road  lay  entirely 
through  new  country.  He  believed  that  the  laying  of  telegraph  wires  througn 
Mekran  and  the  upper  regions  of  Belooehistan  would  be  productive  of  good  resuhs 
in  our  relations  with  those  fittfe-known  countries — results  quite  as  important  as 
rapid  communication  between  Tftighind  and  the  East. 

Palestdte  Exnoraxhht  Fund. — A  Report  on  the  Topographical  Results  of 
the  first  Expedition  stmt  out  by  that  Association,  towards  which,  at  the  hot 
Meeting,  a  grant  of  £100  had  been  made  by  the  General  Committee*  By 
G.  Gbotx,  Htm.  Secretary  to  ike  F*»d. 

The  expedition  was  placed  under  the  charge  of  CapL  C.  W.  Wilson,  ILK,  with 
whom  was  associated  Lieut  Anderson,  R.R,  and  Corporal  Phillips  as  photo- 
grapher. The  party  were  well  supplied  with  chronometers  and  other  instruments, 
and  their  instructions  were  to  make  accurate  and  systematic  observations  between 
Damascus  and  Jerusalem.  They  were  constantly  occupied  from  December  1665  to 
Mar  1866.  The  present  Report  embraced  the  topographical  investigations  only, 
which  ,  however,  were  very  important.  Forty-nine  separate  places,  the  nositions  of 
which  were  before  unknown,  have  been  accurately  fixed,  both  in  longitude  and  lati- 
tude, detailed  reconnaissance  sketches  for  maps  nave  been  made,  on  a  large  scale, 
of  the  whole  backbone  of  the  country  from  north  to  south,  and  of  several  outlying 
districts,  such  as  the  basin  of  the  Lake  of  Galilee,  the  district  of  Samaria,  and  the 
valleys  between  Jerusalem  and  the  sea.  Passages  were  read  from  reports  by  CapL 
Wilson  and  Mr.  Anderson,  detailing  the  method  pursued  in  obtaining  the  observa- 
tions, and  testifying  how  carefully  and  systematically  their  work  was  done.  An 
arrangement  had  been  made  with  Mr.  Murray  by  which  these  maps  would  \ery 
shortly  be  made  public,  under  the  superintendence  of  Mr.  Grove  himself  A  very 
substantial  step  has  been  taken  by  this  Association  towards  putting  the  map  of  the 
Holy  Land  right*  and  one  which  should  encourage  its  supporters  to  still  further 
efforts.  The  Report  comprised  a  recommendation  by  Capt  Wilson  that  stations 
should  be  established  and  supplied  with  instruments  for  regular  meteorological 
observations.  Competent  persons  resident  in  the  country  had  promised  their 
services,  and  thus  a  great  want  would  be  supplied,  as  no  observations  on  climate 
have  been  taken,  except  at  Jerusalem  and  Damascus.  Mr.  Grove  announced  the 
intention  of  the  Association  to  persevere  until  every  square  mile  in  Palestine  has 
been  properly  and  accurately  surveyed  and  mapped ;"  till  every  mound  of  ruins  has 
been  examined  and  sifted ;  the  name  of  every  village  ascertained,  recorded,  and 
compared  with  the  lists  in  the  Bible ;  till  all  the  ancient  roads  have  been  traced; 
the  geology  made  out ;  the  natural  history  and  botany  fully  known.  In  further- 
ance of  these  intentions,  a  second  expedition  will  shortly  be  sent  out  to  excavate  in 
detail  at  Capernaum,  Cans,  Samaria,  Nazareth,  and  Jerusalem.  Another  party  (of 
whom  it  was  hoped  Mr.  Prestwich,  F.G.S.,  would  be  chief)  will  attack  the  geology 
and  the  natural  history,  so  ably  begun  by  the  Rev.  H.  B.  Tristram.  A  work  on  t£b 
modern  Syrians  is  in  preparation  by  Mr.  Rogers,  of  Damascus,  under  the  encourage- 
ment of  tie  Palestine  Fund,  as  a  companion  to  Lane's  '  Modern  Egyptians.'  Tne 
names  of  villages,  &c,  are  being  collected  by  a  competent  resident  Arabic  scholar, 
and  five  meteorological  stations  are  to  be  appointed,  to  which  instruments  will  be 
furnished  under  the  sanction  of  the  Kew  Committee.  In  conclusion,  Mr.  Grove 
drew  the  attention  of  the  Meeting-  to  the  importance  of  these  researches  as  cor- 
roborating the  statements  of  the  Bible,  which  purported  to  be  mainly  a  record  of" 
facte,  and  of  facts  about  certain  definite  localities.  Hitherto  the  book  has  been 
tested  by  internal  evidence  chiefly ;  the  time  has  arrived  when  other  tests  must  be 
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applied  to  it — those  afforded  by  a  comparison  of  its  descriptions  with  the  country 
it  describes.  These  tests  he  was  confident  it  would  stand,  and  he  called  on  the 
members  of  the  British  Association  to  support  the  investigation. 

On  some  New  Facts  in  Celtic  Ethnology.  By  Henry  H.  Howobth. 
The  author  endeavoured  to  show  that  the  so-called  Turanian  race  extended  to 
Britain.  Starting  with  the  facts  collected  by  Lhuyd,  he  showed,  by  means  of  the 
comparison  of  vocabularies  and  grammatical*  forms,  that  a  large  element  in  Celtic, 
whose  relations  have  been  previously  unassigned,  is  to  be  referred  to  an  Iberic  source. 
This  element  was  found  to  be  much  more  marked  in  Irish  than  in  Welsh,  and 
explained  the  differentia  of  the  former  tongue.  The  Gascon  dialects  were  held  to 
be  links  connecting  Breton  with  the  corrupted  Basque  of  the  French  provinces; 
and  this  connexion  was  shown  to  extend  to  Cornish.  Where  Welsh  differs  from 
the  other  Celtic  tongues,  it  was  shown  to  be  chiefly  in  an  approximation  to  Low 
German  forms.  To  the  Pictish  Lowlanders  were  assigned  the  Welsh  peculiarities 
of  Scotch  Gaelic ;  to  the  Irish  invaders  of  Anglesea  and  the  Cornish  Dorderers  of 
the  Severn,  the  dialectic  idiosyncracies  of  North  and  South  Wales.  Cornish  was 
held  to  show  a  mixture  of  types,  in  which  the  Breton  predominated;  while  aber- 
rant forms  connect  it  with  Irish.  These  facta  were  considered  to  support  the 
traditional  connexion  of  Ireland  with  Spain,  or  perhaps  with  Aquitania,  by  proving 
Irish  to  be  a  Celt-Iberic  tongue.  Breton,  corrupted  by  Belgic  contact,  was  neld  to 
represent  the  language  of  the  purely  Celtic  area  of  Caesar — a  contact  exemplified  in 
Britain,  where  the  Cornish  or  IAoegrian  Celtic  is  found  bordering  on  Welsh.  The 
dual  elements  of  Welsh  point  to  its  being  the  language  of  the  German  and  Celtic 
Marches  or  frontiers — a  condition  fulfilled  by  identifying  the  Welsh  with  the  Belgie 
of  Caesar.  Lastly,  the  presence  of  this  Iberic  element  in  early  British  ethnology 
was  considered  by  the  author  to  explain  much  that  is  obscure  in  its  oldest  arche- 
ology, and  to  throw  considerable  light  on  the  traditions  of  Western  Europe. 

m  Explorations  from  Lehy  in  Cashmere,  to  Khotan,  in  Chinese  Tartary. 
By  W.  H.  Joknbon. 
The  author  is  a  civil  assistant  in  the  Great  Trigonometrical  Survey  of  India,  and 
the  exploration  which  he  described  originated  in  an  invitation  which  he  received 
when  at  Leh  from  the  Khan  Badsha  of  Ehotan  to  visit  him  at  Ilchi,  his  capital. 
The  author  accepted  the  invitation,  and  carrying  his  instruments  with  him,  was 
enabled  to  make  a  Rood  general  survey  of  a  tract  of  country  which  was  previously 
almost  entirely  unknown.  His  memoir  was  of  considerable  length  and  full  of 
interesting  details.  Between  the  Karakorum  and  the  Kium  Lun  ranges  the  author 
crossed  a  series  of  extensive  tablelands  from  16,700  to  17,300  feet  above  the  sea- 
level,  which  are  so  free  from  ruggedness  that  a  horse  may  be  galloped  over  them 
anywhere.  One  of  the  plains  bears  traces  of  having  been  the  ned  of  a  large  lake, 
ana  at  present  contains  two  lakes  covering  areas  of  sixteen  and  sixty  square  miles 
respectively.  He  struck  the  Karakash  river  (of  Tartary)  in  lat  35°  53'  and  long. 
79^  23',  at  a  point  where  it  was  16,500  feet  above  the  sea-level  It  took  him  six- 
teen days  to  march  from  the  Karakash  to  Ilchi.  The  whole  country  of  Khotan  is 
an  Immense  plain,  sloping  downward  to  Aksu  (fifteen  long  marches  north  of  Ilchi), 
and  watered  by  numerous  streams,  which  all  fall  into  the  Argol  river,  and  thence 
into  the  Lob  Nur  Lake.  Six  miles  north-east  of  Ilchi  begins  the  great  desert  of 
Gobi,  with  its  shifting  sands  that  move  along  in  vast  billows,  overpowering  every- 
thing. It  is  said  to  nave  once  buried  3(30  towns  in  24  hours.  Fine  dust  from  the 
desert  was  seen  by  the  author  to  fill  the  air  so  densely  that  he  was  obliged  to  use 
a  candle  at  midday  to  read  large  print,  although  the  air  was  perfectly  calm  at  the 
time.  The  country  is  very  fertile,  and  equal  to  Cashmere  in  this  respect  Ilchi  is 
a  great  manufacturing  city.  The  chief  articles  are  silks,  felts,  carpets,  and  coarse 
cotton  cloths.  Its  population  is  about  40,000,  and  that  of  the  wnole  country  of 
Khotan  about  250,000.  Ilchi  lies  4329  feet  above  the  sea-level.  The  people  of 
Khotan  had  recently  shaken  off  the  Chinese  yoke.  The  Khan  had  an  army  of 
6000  infantry  and  5000  cavalry.  The  author  soon  learned  that  his  object  in  in- 
viting a  British  official  to  his  capital  was  to  solicit  the  alliance  of  the  English;  and 
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he  ran  some  danger  of  being  detained  as  a  hostage.  He  experienced  great  difficulty, 
owing  to  the  jealousy  of  the  Khan,  in  taking  observations  of  the  sun  and  pole-star 
for  determining  the  latitude  of  Ilchi.  After  a  stay  of  sixteen  days,  he  returned  by 
way  of  Zilgia  and  the  Karakash  river  to  Cashmere. 

On  Priority  in  Discovery  of  the  Madeira  Group. 
By  R.  H.  Major,  F.S.A.,  F.B.Q.S.,  Hon. Sec.  R.GJ3. 

The  authors  howed,  first,  that  the  Portuguese  historian  De  Barros  exceeded  the 
authority. of  the  ancient  chronicler  Azurara,  when  he  stated  that  the  respective 
names  of  the  islands  were  given  by  the  Portuguese  in  1419-20,  thereby  diffusing 
the  erroneous  belief  that  the  group  was  first  discovered  by  the  Portuguese,  The 
inaccuracy  was  shown  by  an  extract  from  a  map  dated  1361  in  the  Laurentian 
Library  at  Florence,  in  which  the  group  is  laid  down  with  its  present  names,  ex- 
cepting Madeira,  there  called  Legname,  of  which  Madeira  is  simply  a  translation. 
Secondly;  the  truth  of  the  romantic,  accidental  discovery  by  the  Englishman, 
Machin,  in  the  fourteenth  century,  was  established  by  a  combination  of  arguments, 
in  which  the  author  availed  himself  of  an  extract  from  a  Portuguese  MS.  at 
Munich,  never  yet  printed,  and  earlier  by  half  a  century  than  the  earliest  printed 
account.  Thirdly,  he  presented  arguments  based  on  the  evidence  of  the  map  of 
1361,  in  combination  with  other  historical  facts,  to  show  that  the  group  was  dis- 
covered by  Genoese  in  the  service  of  Portugal,  in  the  first  half  of  the  fourteenth 
century. 

Politically  the  question  was  without  importance,  inasmuch  as  not  only  could 
Portugal  claim  these  islands  on  the  ground  of  the  earlier  actual  discovery,  but  the 
accidental  rediscovery  nearly  a  century  later  had  led  to  the  first  colonisation  and  fer- 
tilization ;  and  it  would  be  as  futile  to  dispute  such  a  claim  as  it  would  be  to  nega- 
tive that  of  the  English  to  the  colonization  of  Australia  on  the  ground  of  those 
early  authenticated  discoveries  in  that  vast  island  by  the  Portuguese,  which  it  had 
previously  been  Mr.  Major's  good  fortune  historically  to  establish.  But  for  those 
who  care  for  history  for  its  own  sake,  this  paper  brought  into  a  focus  a  large 
amount  of  curious  and  interesting  matter  derived  from  MS.  or  little-known  sources. 
By  bringing  into  correlation  a  variety  of  points  hitherto  unobserved,  the  author 
was  enabled  to  prove  the  reality  of  the  former  existence  of  a  MS.  which  has  been 
missing  for  centuries,  but  which  contained  not  only  the  description  by  an  eye- 
-witness of  the  rediscovery  of  the  Madeira  group  in  1410,  but  also  the  declaration 
of  the  circumstances  under  which  it  had  been  already  discovered  in  the  previous 
century.  It  is  to  be  hoped  that  this  precious  MS.,  by  Francisco  Alcaforado,  may 
not  long  remain  a  desideratum.         

*  On  the  Kaffirs  of  Natal.    By  Dr.  B.  J.  Uajxk. 

The  number  of  black  neople  in  Natal,  subjects  of  the  Queen,  is  about  170,000. 
The  most  powerful  tribe  in  South  Africa  at  the  beginning  of  the  present  century 
was  the  Zulus,  who  became  greatly  augmented,  under  their  chief  Cnaka,  about  the 
year  1820.  This  great  chief  pursued  a  career  of  conquest  until,  from  a  very  small 
clan,  the  Zulus  acquired  a  territory  600  miles  in  length,  the  conquered  tribes  being 
absorbed  or  driven  into  the  interior  wilderness.  The  settlement  of  the  colony  by 
the  English  put  an  end  to  the  tide  of  conquest,  and  a  large  number  of  Kaffirs  placed, 
themselves  under  British  protection.  The  Natal  Kaffirs  are  scattered  throughout 
the  colony,  living  in  huts  and  kraals,  having  their  chiefs,  but  subject  to  British 
authority.  In  tne  main,  they  are  savages  still.  The  question  arises,  what  is  to 
become  of  them  P  It  is  clear  they  show  no  signs  of  melting  away  before  the  pale- 
faces, as  many  other  savage  tribes  have  done ;  for  by  constant  accessions  from 
without  they  nave  increased  in  number  twentyfold  in  thirty  years.  They  are  gra- 
dually resolving  themselves  into  a  labouring  class  in  the  colony.  They  take  rea- 
dily to  labour  in  sugar-plantations ;  they  are  also  capital  managers  of  oxen,  and 
make  very  useful  indoor  servants.  It  is  difficult,  however,  to  retain  them  long  in 
one  place.  Some  labourers  work  for  six  months,  and  then  retire  with  their  wages 
to  their  kraals;  but  they  have  acquired  a  taste  for  earning  money,  and  almost 
always  return  to  service.    Wherever  there  is  a  white  settlement  near,  to  furnish 
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them  with  a  market,  or  a  sugar-mill,  missionary  stations  soon  get  to  be  surround  >d 
by  an  orderly  and  prosperous  Kaffir  community,  growing  up  with  great  promise  of 
steady  advance.  At  one  place  there  is  a  school  for  teaching  English,  to  which  tho 
Kaffirs  voluntarily  contribute  £70  a  year ;  two  of  the  black  men  here  possess  pro- 
perty amounting  to  £2000,  and  many  own  a  few  hundreds  each.  Many  other  facts 
were  cited  by  the  author,  all  tending  to  encourage  hopes  of  the  ultimate  civiliza- 
tion of  the  Kaffirs,  which  he  maintained  ought  to  precede  attempts  to  christianize 
them.  

On  the  Physical  Geography  and  Climate  of  Natal.    By  Dr.  It.  J.  Mann.     . 

Natal  has  a  sea-coast  of  160  miles,  and  is  separated  from  the  drier  region  of  the 
interior  by  a  range  of  mountains,  or  rather  the  ledge  of  the  interior  tableland, 
which  lies  at  a  distance  of  from  100  to  140  miles  from  the  coast  The  average 
summit  of  the  ledge  is  from  6000  to  6000  feet  high,  isolated  peaks  rising  to  between 
7000  and  9500  feet  The  climate  is  subtropical,  modified  and  softened  by  the 
effects  of  its  peculiar  configuration.  In  area  Natal  is  equal  to  about  one- third  of 
England.  From  the  frontier  mountain  ledge  a  subordinate  ridge  stretches  across 
the  middle  of  the  colony,  and  from  this  again  numerous  short  spurs  branch  off, 
between  which  flow  the  streams,  about  fifty  in  number,  which  drain  through  the 
land  to  the  sea.  As  the  mountains  rapidly  Increase  in  height  towards  the  frontier 
ridge,  the  general  gradient  of  the  land,  from  the  sea  upwards,  is  one  in  seventy ;  as 
a  natural  consequence  the  colony  possesses  no  navigable  river,  and  the  streams  are 
liable  to  sudden  floods,  which  impede  travelling  at  certain  seasons.  Much  of  the 
excellence  of  the  climate,  however,  depends  on  this  gradual  elevation.  In  the  cen- 
tral region  there  is  a  perennial  rainfall,  and  the  valleys  of  the  coasts  are  filled  with 
plantations  of  sugar,  coffee,  arrowroot,  oranges,  pine-apples,  and  bananas,  whilst 
the  hills  are  covered  with  cattle,  horses,  sheep,  and  grain-crops.  The  northern  part 
of  the  colony  lies  in  the  basin  of  one  considerable  river.  In  the  southern  parts  the 
mouths  of  the  numerous  rivers  are  closed  by  sandbanks,  which  are  broken  through 
in  the  seasons  of  flood,  and  closed  up  again  at  the  end  of  the  rainfall.  The  general 
surface  of  the  land  is  composed  of  an  endless  succession  of  hills  and  valleys,  the 
uplands  being  bare  pasture,  the  sides  clothed  with  evergreen  trees,  and  the  rapid 
rivers  often  leap  from  ledges  two  or  three  hundred  feet  in  height  The  prevailing 
winds  are  from  the  Indian  Ocean,  and  are  heavily  laden  with  moisture,  which  is 
discharged  over  the  land  daily  in  tne  hot  season,  the  cool  moist  air  rushing  in  as  soon 
as  the  air  over  the  land  has  been  heated  in  the  morning  by  the  almost  vertical  sun. 
In  Maritzburg.  2000  feet  high  and  forty  miles  from  the  sea,  there  are  thunderstorms 
nearly  every  third  day  during  the  six  months'  hot  season.  Summer  heat  in  Natal 
is  therefore  remarkably  tempered  by  the  cloud-screen  and  the  frequent  showers. 
Almost  every  day  in  summer  the  sky  gets  cloudy  soon  after  noon ;  and  the  mean 
of  the  month  never  rises  to  72°  Fahr.  The  mean  temperature  for  the  six  summer 
months  is  69°-6,  the  night  temperature  rarely  descends  to  62°.  In  the  winter 
months  the  sun  shines  with  much  less  intensity  upon  the  land,  and  the  monsoon 
air-currents  are  therefore  less  violent  Comparatively  unbroken  sunshine,  however, 
rejgns  at  this  season,  and  the  temperature  rises  to  between  70°  and  80°  in  the  day, 
descending  on  rare  occasions  in  tne  night  to  below  the  freezing-point ;  the  mean 
winter  temperature  is  59°-9.  In  summer  the  vicissitude  of  temperature  lies  between 
day  and  day ;  in  winter  between  dav  and  night.  The  mean  of  the  annual  rainfall  at 
Maritzburg.  for  eight  years,  gives  80*11  inches.  The  author  exhibited  a  series  of 
tables  and  diagrams  in  illustration  of  the  meteorological  phenomena  of  the  country 
as  observed  by  himself  during  an  eight  years'  residence. 

On  the  Aleppy  Mud  Bank.    By  C.  B.  Mabkhax,  F.R.Q.S. 

On  the  south-western  coast  of  the  Indian  peninsula  there  exists  a  system  of  back- 
waters which  forms  a  continuous  natural  line  of  communication  from  Trivenderum 
to  the  Madras  Railway,  with  the  exception  of  one  barrier  of  land.  At  no  very 
distant  date  the  sea  appears  to  have  washed  the  base  of  the  ghauts ;  alluvial  de- 
posits gradually  encroached  upon  the  sea,  checked  by  the  waves  of  the  monsoon, 
and  eventually  a  belt  of  land  was  formed,  leaving  within  a  line  of  backwaters,  and 
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becoming  densely  covered  with  cocoa-nut  groves.  This  belt  at  one  point  forma  the 
Aleppy  mud  bank ;  and  the  whole  roadstead  near  it  has  a  remarkably  soft,  muddy 
bottom.  It  is  curious  that  this  muddy  bottom  moves  up  and  down  the  coast  for 
about  three  miles,  the  cycle  of  movement  occupying  a  period  of  several  years. 
Dunn?  the  height  of  the  monsoon  the  waters  of  the  backwater  are  four  feet  higher 
than  those  of  the  ocean,  and  an  enormous  hydraulic  pressure  must  thus  be  caused. 
In  the  same  season,  at  low  water,  a  series  of  mud-volcanoes  are  observed  to  form 
on  the  beach,  which  eventually  burst  and  disgorge  quantities  of  vegetable  matter 
mixed  with  mud.  Boring  instruments  on  the  belt  of  land  are  found  to  penetrate 
through  alluvial  deposit  into  a  great  depth  of  moving  soft  mud.  It  appears,  there- 
fore, that  there  is  a  subterranean  communication  between  the  backwater  and  the 
sea,  and  that  the  tremendous  pressure  from  the  backwater,  when  it  is  higher  than, 
the  sea,  forces  an  immense  mass  of  mud  by  the  subterranean  passage  into  the  road- 
stead. Various  schemes  had  been  proposed  for  cutting  through  the  Wurkally 
barrier,  and  thus  completing  the  backwater  communication ;  the  plan  of  Mr.  Barton 
was  thought  the  most  feasible,  and  will  necessitate  a  cutting  of  fifty  feet,  and  two 
tunnels.  

On  the  Reported  Discovery  of  the  Remains  of  Leichhardt  in  Australia. 
By  Sir  R.  I.  Mubchisok,  Bart,  K.C.B.,  F.R.S. 
Sir  Roderick  announced  that  on  the  previous  day  he  had  received  from  Dr.  F. 
Mueller,  of  Melbourne,  the  news  that  the  Leichhardt  Search  Expedition,  now  in 
the  interior  of  Australia,  had  discovered  traces  of  the  lost  explorer.  The  news  had 
been  sent  by  Dr.  Mueller  in  great  haste,  the  departure  of  the  mail  having  been 
delayed  a  short  time  to  admit  of  his  forwarding  tne  despatch,  and  no  details  of  the 
nature  of  the  discovery  were  given.  Sir  Roderick  gave  a  sketch  of  the  movements 
of  the  Leichhardt  Search  Expedition  down  to  the  time  when  the  latest  authentic 
information  had  been  received.  It  had  met  with  great  losses  in  horses  and  maUrid 
at  Cooper's  Creek ;  but  the  leader,  Mr.  Duncan  M*lntyre,  had  succeeded  in  pushing 
his  way  across  to  the  banks  of  the  Flinders  river,  which  flows  into  the  Gulf  of 
Carpentaria.  

On  North  and  South  Arabia.  By  W.  GK  Paxghatb. 
The  author  described  the  division  of  Arabia  into  two  distinct  regions,  marked 
by  peculiarities  in  physical  conditions  and  modifications  in  the  character  of  their 
inhabitants.  The  more  northerly  division  included  the  highlands  of  Nejed,  the 
seat  of  Wahabee  domination,  tne  more  southerly  the  district  of  Oman.  The 
population  of  the  two  regions  is  about  equal.  The  two  divisions  are  typified 
by  their  national  colours,  white  for  the  northern  and  red  for  the  southern ;  ard 
wherever  Arabs  are  found,  two  factions  exist,  who  adopt  these  colours  as  their 
symbols, — violent  factional  feeling  often  existing  amongst  people  who  have  lost  all 
knowledge  of  the  original  cause  of  difference.  The  northern  Arabs  were  a  fine, 
intelligent,  courteous  race,  with  a  cast  of  features  like  the  typical  Ishmaelite.  In 
the  southern  Arabs  the  type  was  different,  the  skin  was  darker,  the  features  were 
no  longer  Semitic,  but  more  nearly  resembling  the  Coptic.  The  institutions  of  the 
southern  people  were  more  progressive  than  tliose  of  the  northern.  The  language 
in  the  north  was  the  pure  Arabic  of  books ;  in  the  south  there  were  great  differ- 
ences both  in  words  and  turns  of  expression,  these  peculiarities  not  being  acci- 
dental, but  due  to  an  original  difference  in  language.  It  was  the  opinion  of  the 
most  learned  German  philologists  that  the  peculiarities  in  the  idiom  of  southern 
Arabia  indicated  a  connexion  with  Ethiopia,  and  must  have  originated  on  the  east 
coast  of  Africa.  The  Wahabee  country  was  surrounded  bv  deserts,  and  could  never 
be  of  practical  importance  to  the  English  nation.  It  is  different  with  Oman,  which 
is  a  rich  and  beautiful  region,  similar  to  the  district  of  Bombay,  and  will  soon 
become  much  more  important  to  us,  politically  and  commercially,  than  it  is  at 
present. 

On  the  Transvaal  District  of  South  Africa.     By  Rowlakd  William  Path*. 
That  region  of  South  Africa,  lying  between  22°  and  27°  of  south  latitude  and  27* 
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and  90°  of  east  longitude,  now  known  as  the  Transvaal  Republic,  is  the  country 
of  the  emigrant  Boers,  who,  disgusted  with  British  rule  and  the  emancipation  of 
their  slaves,  left  the  Cape  Colony,  and  after  founding  Pieter  Maritzberg  in  Natal, 
again  tracked  further  north  and  colonized  this  fertile  region,  then  for  the  most  part 
in  the  possession  of  Moselikatse,  an  emigrant  Zulu  chiet,  who  now  lives  beyond  the 
Limpopo.  The  Boers  are  physically  a  powerful  race,  but  mentally  and  morally  are  in 
a  state  of  retrogression,  showing  no  improvement  for  a  period  of  many  years,  and  are 
as  backward  in  civilization  as  any  white  existing  race.  Various  tribes  of  Betchuana 
race  live  on  the  west  and  north-west  of  the  Boer  territory,  on  the  east  and  north- 
east the  Amatonga,  and  Zulu  Kaffirs  on  the  south,  the  Boers  of  the  Free  State,  who 
are  little  in  advance  of  their  brethren,  across  the  river.  The  towns  are  Potchefst- 
room,  Pretoria,  Philadelphia,  Rustenberg,  and  Sohoemandal.  Oryxstadt,  formerly 
populous,  is  abandoned  as  unhealthy. 

The  country  next  the  Vaal  resembles  the  Free  State,  in  the  absence  of  timber 
and  the  conformation  of  the  hills,  which  resemble  the  Sussex  Downs.  The  Dra- 
kensberg,  forming  up  to  this  the  watershed  of  the  eastern  and  western  river  di- 
stricts, here  ceases  m  that  capacity.  The  Limpopo  and  Oliphants  rivers  rising 
west  of  the  Drakensberg  from  hills  which  run  east  to  west,  after  flowing  several 
miles  to  the  north,  through  the  Magaliesberg,  &c.  ranges,  turn  east,  and  fall  into 
the  sea  near  Delagoa  Bay  and  Inharuoane. 

The  Magaliesberg  is  the  favourite  district  of  the  Transvaal,  having  a  healthy 
climate,  and  being  well  supplied  with  wood  and  water. 

The  Soutpansberg  district  is  much  warmer,  lying  partly  in  the  tropic ;  its  inha- 
bitants forsake  farming  for  elephant  hunting,  which  is  here  the  staple  pursuit. 
Schoemandel,  the  town  of  this  district,  is  inhabited  by  hunters  and  traders  only. 

Nearly  all  the  large  wild  animals  of  South  Africa  are  found  in  the  Transvaal, 
which  is  the  best-watered  and  most  fruitful  district  in  South  Africa,  not  excepting 
Natal. 

Ivory,  horns,  and  leather  are  the  staples  of  trade ;  but  wheat  and  the  vine  grow 
well  in  some  districts,  and  it  can  become  a  wine-producing  country.  Delagoa  Bay 
is  the  geographical  port  of  the  Transvaal,  but  the  roads  are  unmade,  and  the  bay 
is  so  unhealthy  that  the  Boers  dislike  it ;  the  Tsetze  also  interferes  in  some  districts 
with  transport.    The  Transvaal  abounds  in  mineral  wealth.    Gold  is  found  in 

Ct  beds  of  quartz,  which  crop  out  through  the  whole  of  the  middle  districts ; 
-ore  is  in  abundance,  and  eventually  this  little  district,  with  a  more  enterprising 
population,  will  exercise  no  small  influence  on  the  destiny  of  South  Africa. 


On  the  Various  Theories  of  Man's  Past  and  Present  Condition.    By  J.  Rbddie. 


On  the  Voguh.  By  Dr.  H.  Ronat. 
The  Voguls  are  a  tribe  of  Northern  Asia,  residing  on  the  river  Vofful.  They  call 
themselves  "  Mancsis."  The  name  of  Vogul  was  given  to  them  by  the  Szirjan 
merchants,  who,  in  their  mercantile  pursuits  beyond  the  Ural  Mountains,  called 
those  living  on  the  river  Vogul.  "voguls,"  ana  those  on  the  river  Ob  (in  the 
M&ncsi  language  "Asz  "),  Osztjaks.  The  Voeuls  are  of  a  dark  complexion,  small 
in  stature,  closely  allied  to  the  Finish  type.  Their  principal  occupations  are  fishing, 
hunting,  and  bird-catching.  Agriculture  is  known  only  towards  the  south,  in  the 
vicinity  of  Pelim  and  Loszva.  Their  food  is  very  simple,  air-dried  or  smoked  fish 
and  meat;  they  scarcely  ever  use  salt ;  bread  is  only  known  in  the  south.  They 
are  good-natured,  cheerful,  talkative,  but  extremely  superstitious,  idle,  and  indolent 
Women  are  considered  inferior  beings.  The  girl,  when  of  age,  is  given  in  marriage 
by  her  father  to  the  highest  bidder  in  reindeer.  Polygamv  is  allowed,  but  at  pre- 
sent verv  rarely  met  with.  Their  dwellings  are  built  of  the  bark  of  trees  or  solid 
wood,  or  which  a  few  are  called  a  village,  scarcely  ever  more  than  seven.  They 
acknowledge  a  supreme  heavenly  being,  called  f*  Numi-Tarom  "  (High-time),  the 
ruler  of  the  earth,  to  whom,  according  to  their  belief,  it  would  be  useless  to  pray, 
for  he  never  departs  from  his  rule,  and  grants  happiness  to  men  as  they  deserve  it ; 
consequently  it  will  be  of  no  avail  to  pray  to  nim.  However,  they  have  their 
family  idols,  to  whom  they  pray  in  necessity,  whose  assistance  they  implore  with 
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gifts  and  sacrificed.  It  is  only  of  late  years  (since  1848)  that  Christianity  has  made 
any  progress,  though  it  is  more  than  a  century  since  Greek  priests  were  sent  to 
them.  For  the  dead  they  have  great  reverence,  and  keep  generally  a  figure  of  the 
departed  in  their  houses  for  nearly  a  year.  Their  language  belongs  to  the  "  Altai 
group/'  of  which  the  principal  are  the  Fin,  Turkish,  Mongol,  and  Mandsu,  and 
amongst  these  it  belongs  to  "Ugor  subgroup,"  to  which  may  be  referred  the 
Szirjan,  Votjak,  Mordvin,  Hungarian,  Osztjak,  and  Vogul  (Mansci).  In  1844,  on 
a  territory  of  #780  square  miles,  their  number  amounted  to  about  6342.  Under  the 
new  rule  they  are  rapidly  decreasing  in  number ;  and  we  are  greatly  indebted  to 
Anthony  Reguly,  a  Hungarian  traveller,  who,  since  1843,  spent  several  years 
amongst  the  Voguls,  collecting  from  their  oral  tradition  their  sacred  legends  and 
ancient  history  preserved  only  in  songs. 

On  the  North-east  Province  of  Madagascar, 
By  Dr.  Ryan,  Bishop  of  Mauritius. 
The  author  narrated  a  visit  which  he  had  recently  made  to  the  province  of 
Vohimarina  in  north-east  Madagascar,  and  gave  numerous  details  of  the  harbours, 
towns,  productions,  native  tribes,  and  government  of  the  various  districts.  The 
province  on  the  whole  is  mountainous,  but  possesses,  along  the  courses  of  its  nume- 
rous rivers,  large  and  fertile  valleys.  The  Betsimsaraka  tribe  was  considered  superior 
to  the  dominant  Hovas  in  many  respects.  They  keep  their  houses  clean  and  neat. 
Many  of  them  have  beautifully  fair  countenances  and  a  European  cast  of  features. 

A  Visit  to  the  ruined  Temples  of  Cambodia.  By  J.  Thomson. 
The  author,  in  the  month  of  January  1866,  arrived  at  Bangkok,  the  capital  of 
Siam,  with  the  purpose  of  visiting  the  ruined  temples  of  Cambodia,  making  plans 
and  photographing  them.  He  proceeded  easterly  from  that  place  through  Bunsep 
and  Kanap  to  Kabin,  the  position  of  which  town  he  determined  by  astronomical 
observation  to  be  in  N.  lat  13°  56',  and  E.  long.  101°  68'  15".  He  arrived  at  the 
vast  temple  of  Ongou  on  the  16th  of  February.  The  buildings  form  a  rectangle 
HOOx  1080  yards,  surrounded  by  a  ditch  250  yards  wide.  From  its  great  extent, 
the  building  appears  to  have  been  the  work  of  generations ;  but  from  its  perfect 
symmetry  and  unity,  the  product  of  a  single  genius,  with  the  resources  of  a  vast 
empire  at  his  disposal  The  road  to  it  is  by  a  path  through  a  luxuriant  tropical 
forest.  A  causeway  conducts  to  a  gallery  or  outer  entrance  200  yards  long. 
Ascending  the  worn  steps  of  this,  a  colossal  statue  of  a  lion,  half  buried  in  the 
sand,  guarded  the  entrance.  The  western  gallery  is  supported  by  massive  square 
pillars.  The  pillared  galleries  of  the  temple  rise  tier  above  tier,  terminating  in  a 
great  tower.  The  galleries  have  all  sculptured  stone  roofs ;  the  staircases,  colon- 
nades, and  corridors  are  also  all  of  sculptured  stone,  and  the  courts  paved.  The 
ancient  city  of  Ongou  Thorn,  situated  a  little  north  of  the  temple,  is  of  superior 
antiquity  to  the  temple,  and  exhibits  more  grotesque  sculptures.  But  the  arciritec- 
ture  of  the  temple  is  more  classical,  the  pillars  have  all  finely  sculptured  capitals 
and  bases.  There  is  the  same  advance  shown  in  the  bas-relief  of  the  two  ruins ; 
the  chief  of  these  are  nearly  100  yards  long,  filled  with  figures  of  warriors,  ele- 
phants, horses,  and  chariots.  The  inscriptions,  copied  bv  the  author,  are  of  three 
periods,  the  first  of  which  are  not  now  intelligible,  but  the  last  can  be  read  by  any 
Cambodian  priest ;  these  last,  however,  have  no  reference  to  the  origin  of  the  ruins. 
The  present  inhabitants  have  no  tradition  even  of  their  origin,  but  believe  they 
were  built  by  supernatural  hands  in  a  single  night  In  the  courts  are  the  remains 
of  reservoirs,  which,  as  they  lie  at  a  great  elevation  above  the  surrounding  country, 
imply  that  the  ancient  Cambodians  possessed  a  knowledge  of  hydraulics.  The 
stone  of  which  the  ruins  are  built  must  have  been  brought  from  the  Lynchie 
mountains,  forty  miles  distant.  The  great  lake  of  Cambodia,  Tale-sop,  lying  a  few 
miles  south  of  Ongou,  offers  the  rare  phenomenon  of  a  large  backwater  to  a  river ; 
it  is  filled  only  when  the  river  Mekong  is  in  flood.  An  outlet  from  the  lake  unites 
with  the  Mekong,  a  few  miles  distant  from  the  lake  itself,  and  the  waters  of  the 
river  flow  backwards  up  this  channel  to  fill  the  lake,  the  natural  current  being 
driven  back.    The  depth  of  the  Tale-sap  is  thus  raised  from  four  feet  to  forty-four 
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feet.  The  lake  is  then  100  miles  long  and  sixty  or  seventy  broad,  and  the  water  is 
not  liberated  until  the  end  of  the  rainy  season.  "The  author  exhibited  to  the  Section 
a  large  series  of  photographic  views/copies  of  inscriptions,  and  ground -plans. 

Notes  on  the  Physical  Geography  of  the  Lower  Indus. 
By  Col.  Tremenheere,  B.E. 
The  immense  plain  of  Sind  presents  a  remarkable  peculiarity  throughout — 1,  in 
the  entire  absence  of  channels  for  natural  drainage ;  2,  in  its  almost  uniform  slope, 
both  towards  the  sea  and  away  from  the  river  banks ;  3,  in  its  mineral  character. 
The  slope  of  the  valley  in  a  direct  line  to  the  sea,  330  miles,  is  9*3  inches  per  mile, 
and  the  lateral  slopes  on  either  side  of  the  river  are  in  many  parts  quite  as  much. 
The  river,  in  fact,  passes  along  a  ridge.  For  540  miles  the  surface  elope  of  the  Indus 
during  the  inundation  is  5*7  inches  per  mile.  The  soil  consists  entirely  of  a  very 
fine  siliceous  deposit  mixed  with  argillaceous  matter  and  mica ;  not  a  grain  of  sand 
is  to  be  found  as  large  as  a  pin's  head.  The  solid  matter  in  the  water  of  the  Indus 
during  its  inundation  amounts  to  43*6  parts  in  10,000  by  weight.  The  mean  dis- 
charge of  water  being  200,000  cubic  feet,  and  the  mean  solid  matter  26  in  10,000, 
it  results  that  21 7J  millions  of  cubic  yards  of  solid  matter  are  carried  annually  to  the 
sea,  which  is  sufficient  to  cover  seventy  square  miles'  of  area  with  deposit  one  yard 
in  thickness.  The  author  investigated  the  various  old  channels  of  the  river,  and 
came  to  the  conclusion  that  the  stream  has  gradually  worked  to  the  westward.  He 
also  concluded  that  the  larger  the  body  of  water  in  rivers  flowing  through  such 
plains,  and  the  less  the  surface-slope  of  the  plain,  the  more  direct  will  be  the  course 
of  the  river;  and,  on  the  contrary,,  the  sharpness  of  the  bends  of  a  large  river  will 
indicate  the  existence  of  a  considerable  slope.  The  longer,  therefore,  a  river  becomes 
by  extending  its  delta  into  the  sea,  the  greater  tendency  will  there  be  to  assume  a 
more  direct  course.  The  author  also  carefully  examined  the  delta  of  the  Indus,  and 
gave  in  detail  the  result  of  his  observations. 

On  the  Progress  of  the  Busso- American  Telegraph  Expedition  via  Behrincfs 
Straits.     By  F.  Whymper,  F.B.G.S. 

The  author,  after  exploring  parts  of  Vancouver's  Island,  attached  himself,  in  the 
capacity  of  artist,  to  the  expedition  which  proceeded  last  year  from  San  Francisco 
to  survey  the  line  for  the  proposed  Siberian  and  American  telegraph.  There  exists 
already  a  line  to  New  Westminster,  Fraser  River,  from  which  point  the  new  line 
is  to  commence.  Five  vessels  started  with  the  exploring  parties  in  July  1865 ;  one 
of  them  proceeded  to  Plover  Bay,  in  Siberia,  whilst  the  others  were  to  meet  at 
Sitka,  in  Russian-America.  The"  vessel  in  which  Mr.  Whymper  sailed  proceeded 
through  the  Aleutian  Archipelago  to  Norton  Sound,  in  tiehnng  Sea,  and  thence 
crossed  to  the  river  Anadyr,  in  Siberia.  A  small  screw  steamer,  brought  on  board 
one  of  the  larger  vessels,  took  an  important  section  of  the  party,  under  Major 
Kennicott,  to  explore  the  Kirchpak  River.  The  average  depth  of  Behring's  Straits 
between  64°  ana  66°  N.  lat.  did  not  exceed  20  fathoms.  The  author  returned  to 
San  Francisco  in  November,  the  fleet  having  deposited  the  various  exploring  par- 
ties in  their  winter  quarters  on  the  coasts  of  America  and  Siberia.  The  preparations 
for  I860  were  on  a  more  extended  scale;  and  by  the  end  of  the  year  it  was  supposed 
that  about  1500  miles  of  the  line  would  be  laid  northward  of  iraeer  River. 


ECONOMIC  SCIENCE  AND  STATISTICS. 
Address  by  Professor  James  E.  Thoeold  Rogers,  M.A.,  President  of  the  Section. 

The  Presidents  of  the  various  Sections  among  which  the  scientific  labours  of  the 
British  Association  are  distributed  have,  beyond  the  general  conduct  of  their 
several  departments,  the  obvious  and  important  duty  of  dwelling  in  their  introduc- 
tory address  on  the  progress  made  during  the  past  year  in  the  special  science  with 
which  they  are  for  the  time  being  identified.    Nor  is  there  ever  wanting  abundant 
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material  on  which  this  congratulatory  comment  may  be  made,  as  scientific  research  * 
accumulates  its  observations,  and  arranges  its  inferences.  The  Mathematician,  the 
Chemist,  the  Physiologist,  the  Geologist,  the  Mechanician,  can  point  with  satis- 
faction to  the  annual  growth  of  their  special  sciences,  can  compare  the  demonstra- 
tions of  the  present  with  the  hypotheses  of  the  past,  and  can  confidently  claim  the 
acknowledged  progress  which  research  and  method  have  achieved. 

The  case,  however,  is  somewhat  different  with  the  Section  over  which  I  have  the 
honour  to  preside.  We  can  but  rarely  claim  that  we  have  made  any  new  dis- 
coveries in  the  subject  which  occupies  our  attention,  for  we  deal  with  that  which 
has  been  constantly  matter  of  anxious  thought  long  before  the  beginnings  of  other 
inductive  sciences.  Our  science  is  as  old  aa  civilization,  coeval  with  the  first 
speculation  on  the  canons  of  practical  and  political  philosophy.  We  cannot  claim 
to  discover  new  elements,  new  forces,  new  economies,  for  we  are  interpreting  that 
one  force  which  effects  the  cooperation  of  man  in  social  life ;  a  force  whose  esti- 
mate has  occupied  the  keenest  minds  since  men  began  the  habit  of  consecutive 
reflection.  We  have  before  us  the  phenomena  of  society,  and  we  know  that  there 
is  a  standard,  always  ideal,  but  ever  the  legitimate,  the  chief  object  and  aim  of 
social  practice :  we  know  that  there  are  hindrances  to  the  attainment  of  such  a 
standard,  and  in  a  general  way  that  such  a  result  mav  be  best  approximated  by 
the  wise  balance  of  liberty  and  restriction.  But  the  limits  of  the  former  and  the 
endurance  of  the  latter  are  matters  of  keen  and  constant  debate,  of  doubt  which 
may  well  be  honest,  even  when  it  seems  to  be  interested.  We  are  invariably  re- 
minded that  by  the  practice  of  men  our  demonstrations  are  forced  to  appear  in  the 
shape  of  problems,  that  our  theories  are  often  acknowledged  to  be  indisputable, 
but  are  perpetually  liable  to  dispute.  No  one  I  presume  doubted,  even  when  our 
system  of  trade  was  protective,  that  free  exchange  was  the  natural  and  normal 
state,  however  much  it  was  conceived  that  artificial  or  political  exigencies  needed 
its  modification.  When  our  fiscal  system,  as  we  know  now,  was  one  mass  of  folly 
and  injustice,  the  financiers  of  the  age  certainly  imagined  that  they  were  patriotic, 
never  doubted  that  they  were  intelligent,  always  affirmed  that  they  wished  to  deal 
honestly  with  all  interests. 

But  what  our  science  lacks  in  novelty,  what  it  needs  in  practical  conclusiveness, 
it  makes  up  in  importance  and  interest.  We  do  not,  when  we  insist  on  the  theo- 
retical exactness  of  our  principles,  affect  to  deny  that  they  are,  perhaps  must  be, 
modified  by  certain  overruling  exigencies,  and  that  the  science  and  philosophy  of 
social  life  will  never  exactly  square  with  the  habits  of  mankind.  With  many 
persons,  the  economist  will  always  be  a  dreamer,  the  author  of  an  impossible 
optimism,  the  dweller  in  a  new  Atlantis,  in  an  impracticable  Utopia,  in  a  Cloud- 
cuckoo  town  of  unnatural  alliances.  Assailing,  as  he  constantly  does,  the  policy 
of  restriction,  he  is  attacking  a  fortress  of  undoubted  strength.  Striving  as  he 
constantly  does  against  a  social  habit,  a  political  maxim,  a  fiscal  expedient,  a  com- 
mercial trick,  he  is  struggling  to  undermine  a  position  which  becomes  untenable 
at.  a  time  its  defenders  are  reduced  to  acknowledge  that  its  defence  is  impolitic, 
though  it  has  hitherto  been  thought  to  be  judicious ;  mischievous,  though  it  has 
seemed  to  be  salutary ;  destructive,  though  it  has  been  believed  to  be  expedient ; 
interested,  when  it  was  averred  to  be  national  He  is  constantly  labouring  to 
refute  men's  hasty  sympathies  by  appealing  to  their  deliberate  reason. 

We  cannot  then  dispute  the  disadvantage  under  which  economic  science  labourf, 
when  compared  with  other  efforts  of  research,  whose  course  encounters  no  ob- 
stacle because  it  clashes  with  no  interest,  whose  conclusions  are  accepted  graci- 
ously because  they  provoke  no  prejudice  and  awaken  no  fear.  But  we  can,  on  the 
other  hand,  claim  no  small  victory  in  this  domain  of  human  thought,  and  con- 
gratulate ourselves  on  a  progress,  not  the  less  real  because  it  has  Been  resisted, 
disputed,  and  won,  after  many  laborious  struggles. 

.  In  the  first  place,  then,  no  science  occupies  a  more  eminent  position,  because  none- 
deal  with  such  exalted  purposes.  Political  economy  is  perpetuallly  contrasting 
general  with  special  interests,  urging  men  from  narrow  ends  to  the  broadest  aims, 
teaching  the  interdependence  of  men,  of  races,  of  nations.  The  Wisdom  which 
has  parcelled  the  earth  out  for  various  products,  all  necessary  towards  the  develop- 
ment of  the  best  civilization,  instructs  men  also  in  the  fact  that  as  man  cannot 
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labour  for  themselves  alone,  so  nations  must  needs  depend  on  other  nations,  and  bo 
knit  together  by  the  strong  bands  of  reciprocal  benefit,  if  they  would  work  out 
their  own  highest  good.  Political  Economy,  as  Adam  Smith  fully  recognized, 
does  not  discuss  the  prosperity  of  a  single  people,  but  proposes  as  its  object  the 
discovery  of  the  wealth  of  nations.  It  has  been  the  privilege  of  the  economist  to 
disprove  the  fallacy  that  one  people's  gain  is  another  people's  loss,  a  delusion  which 
was  not  too  gross  to  possess  the  mind  of  Bacon,  as  it  was  the  secret  of  the  foreign 

Eolicy  pursued  by  this  country  for  many  centuries,  as  it  has  been  the  chief  cause 
y  wnich  national  rivalries  and  antipathies  have  been  developed  and  sustained. 
In  the  next  place,  the  spheres  of  the  economist  and  the  statesman  are  rapidly 
becoming  one.  Domestic  legislation  is  increasingly  interpreted  on  economical 
pounds,  assailed  because  at  variance  with  economical  axioms,  supported  because 
in  accordance  with  economical  demonstrations.  A  statesman  woula  in  these  days 
be  at  once  bold  and  foolish  who  affected  to  disdain  economical  consequences 
or  defy  economical  laws.  Now  at  least  we  find  all  parties,  the  representatives  of 
all  interests,  appealing  to  the  congruity  of  their  policy  with  the  truths  of  Political 
Economy.  The  abolition  of  the  excise  duty  on  malt  is  argued  from  one  set  of 
economical  principles,  its  retention  is  vindicated  on  another.  The  regulation  of 
the  currency  is  defended  on  grounds  which  involved,  on  the  part  of  those  who 
uphold  our  existing  system,  the  recognition  of  certain  causes  whose  regularity  was 
supposed  to  partake  of  the  strictness  of  physical  science ;  while  those  who  dispute 
the  wisdom  of  our  monetary  laws  disparage  the  universality  of  the  cause,  and 
point  to  other  principles  which  they  assert  the  legislature  has  ignorantly  violated. 
But,  in  effect,  every  course  of  public  policy,  every  law  or  custom  which  deals 
with  or  affects  the  material  interests  of  the  community,  is  in  course  of  being  re- 
viewed by  the  light  of  economic  science.  The  incidence  of  taxation,  direct  or 
indirect ;  the  tenure  of  land ;  the  right  of  settling  land  j  the  relations  of  labour  to 
capital,  with  the  artificial  machinery  employed  to  diminish  or  increase  the  share 
which  each  of  these  contributories  demands  from  the  gross  product ;  the  functions 
of  credit,  and  the  power  which  it  possesses  over  currency,  or  conversely,  the 
influence  of  currency  on  credit;  the  interference  of  government  with  laoour, 
particularly  the  labour  of  the  young ;  and  a  host  of  other  public  questions,  are  not 
or  cannot  hereafter  be  treated  from  a  sentimental  or  a  politic  point  of  view,  but 
must  be  discussed  in  their  economical  bearings,  in  their  influence  on  the  general 
well-being  of  society. 

Again,  the  same  influences  are  being  brought  to  bear  on  the  relations  subsisting 
between  this  and  foreign  Governments.  The  ancient  habits  and  instincts  of 
political  diplomacy  are  silently  or  noisily  wearing  out  or  passing  away,  and  a  new 
diplomacy  of  commerce,  assuming  for  a  time  the  guise  of  formal  treaties,  is  oc- 
cupying no  small  part  of  the  ground  once  assigned  to  labours  which  were  called 
into  activity  by  distrust,  and  effected  their  purpose  by  intrigue.  And  if,  indeed, 
impolicy  and  injustice  are  legitimately  open  to  remonstrance,  and  there  be  any 
defence  for  interfering,  either  by  advice  or  threats,  with  the  affairs  of  foreign 
nations,  when  their  action  is  relative  solely  to  those  topics  which  once  formed 
the  material  for  diplomatic  correspondence ;  such  a  course  of  procedure  is  just  as 
legitimate  when  a  Government  is  wilfully  crippling  its  own  resources,  and  inflict- 
ing wrongs  upon  the  nation  whose  general  interests  it  is  bound  to  maintain,  by  a 
restrictive  and  minatory  commercial  policy. 

Among  the  various  questions  of  great  economical  importance  which  have  been 
before  the  public  during  the  past  year,  there  are  two  on  which,  with  your  per- 
mission, I  will  make  a  few  brief  comments.  These  are  the  contingency,  at  no 
remote  date,  of  a  considerable  exhaustion  of  certain  mineral  resources  in  this 
country  and  the  altered  position  which  England  might  consequently  assume,  and 
the  present  condition  of  what  is  familiarly  called  the  money  market.  The  first  of 
these  questions  raises  a  variety  of  issues,  the  magnitude  of  which  cannot  be  over- 
estimated ;  the  second  is  a  crisis  unparalleled  for  its  severity  and  its  duration. 

Attention  has  been  called  by  an  economist,  who  has  exhibited  great  research 
and  original  thought  on  a  number  of  subjects,  to  the  relations  subsisting  between 
the  consumption  of  British  coal  and  its  future  supply.  Geologists,  it  appears,  are 
well-nigh  agreed  as  to  the  extent  of  the  deposits,  and  as  to  the  depth  within 
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I 
which,  Recording  to  our  present  and  in  all  probability  our  future  appliances,  such  • 

deposits  can  be  rendered  available.    It  is  further  admitted  that  the  source  of  1 

motive-power  is  heat,  and  that  coal  is,  for  practical  purposes,  the  sole  material 
from  which  heat  can  be  derived.    Should  the  consumption  of  coal  in  this  country,  * 

it  is  argued,  progress  at  the  same  rate  as  now,  the  supply  will  be  exhausted  at  no  \ 

distant  date,  and  with  such  an  exhaustion  there  must  ensue  a  cessation  of  most  of  | 

those  industries  which  have  hitherto  characterized  us.    So  energetically  was  thia  ' 

alarm  seconded  by  one  of  our  most  distinguished  economists,  that  a  financial  i 

operation  was  proposed,  with  a  view  to  palliate  some  of  the  evils  which  might 
be  likely  to  ensue  from  such  an  event  • 

It  cannot  of  course  be  denied  that  a  limited  quantity  of  any  natural  product,  the 
demand  for  which  is  incessant,  must  ultimately  be  exhausted^  But  the  real  ques- 
tion, it  seems,  is,  when  will  the  scarcity-price  operate  on  consumption,  and  when 
it  does  so  operate,  in  what  will  the  saving  be  effected  P  That  the  scarcity-price 
is  not  yet  operative  is  manifest  from  the  increase  in  the  aggregate  consumption 
of  coal,  and  from  the  increased  production  of  metals ;  for  it  is  in  the  smelting  of 
metals  that  the  largest  consumption  occurs.  Nor  can  it  be  doubted  that  when  the 
saving  becomes  necessary  from  enhanced  price  the  economy  will  be  exercised  in 
this  direction.  But  the  total  value  of  all  metals  produced  in  this  country  in  the 
year  1664  (the  largest  in  value,  though  not  the  largest  in  amount,  yet  recorded) 
was  worth  little  more  than  16  millions,  a  great  but  not  a  dominant  quantity  in  the 
annual  aggregate  of  British  industry.  It  would  seem,  then,  that  the  alarm,  if  it 
be  not  premature,  is  certainly  excessive ;  that  there  will  be  abundant  warnings  of 
future  scarcity,  and  necessary  economies  in  dealing  with  the  residue,  long  before 
that  residue  verges  to  exhaustion. 

Themateri  al  wealth  of  this  country,  it  may  be  observed,  greatly  as  it  is  related 
to  its  manufactures,  one  of  the  raw  materials  of  which  is  locally  limited,  is  for 
more  fully  derived  from  its  geographical  position,  and  thereupon  its  trade,  the 
advantages  and  aids  of  which-  are  permanent  Occupying,  as  Great  Britain  does, 
the  most  central  position  between  the  New  and  the  Old  World,  it  is  and  will  be, 
so  long  as  its  people  are  industrious  and  resolute,  the  highway  and  the  mart  of 
nations.  Its  commerce,  by  virtue  of  causes  which  cannot  be  reft  from  it,  increases 
at  a  far  more  rapid  rate  than  its  manufactures ;  and  if  that  commerce  remain 
unfettered  and  unshackled  there  seems  no  limit  to  the  width  which  its  markets 
may  attain. 

It  would  not  become  me,  in  an  introductory  address,  to  enter  on  the  vexed  ques- 
tion of  the  currency,  and  in  particular  to  criticise  the  Act  of  1844.  Opinions  are, 
as  is  well  known,  broadly  and  sharply  divided  on  that  famous  measure.  The  Act, 
as  my  readers  are  aware,  is  restrictive.  It  interferes  peremptorily,  on  pounds,  as  • 
was  asserted  bv  the  late  Sir  Robert  Peel,  of  the  highest  public  expediency,  with 
the  freedom  of*  issuing  paper  credit  It  secures  the  convertibility  of  a  paper  cur- 
rency, not  by  the  circumstances  which  a  bank  mipht  be  supposed  to  interpret  for 
itself,  by  guarding  on  its  own  account  on  the  possible  risk  of  seeing  its  paper  dis- 
honoured, but  by  the  rigid  yet  not  unbroken  rule  of  a  proportional  issue.  With 
some  thinkers  this  system  is  lauded  as  one  of  consummate  wisdom ;  with  others 
it  is  censured  as  one  of  needless  and  mischievous  interference  with  that  part  of  the 
machinery  of  trade  which  would  be  self-adjusting  without  it  and  which  is  not  really 
supported  by  it.  As  a  rule,  indeed,  when  one  set  of  persons,  confessedly  competent 
to  form  a  judgment,  decide  that  a  law  dealing  with  commerce  is  wise  and  useful, 
and  another  set  of  persons  equally  competent  declare  that  it  is  foolish  and  mis- 
chievous, it  will  generally  be  found,  in  course  of  time,  that  the  latter  are  in  the  riirht. 
Such  was  the  case  with  the  Colonial  System,  with  the  Corn  Laws,  with  the  Naviga- 
tion Laws,  with  the  Sinking  Fund,  with  the  laws  regulating  or  prohibiting  the  ex- 
portation of  Coin,  with  Bounties,  with  Export  Duties,  with  the  Favoured  Nation 
clause  in  Commercial  Treaties. 

It  has  been  stated,  but  not  I  think  proved,  that  the  cause  of  the  present  crisis 
has  been  excessive,  or  over-trading.  As  far,  however,  as  can  vet  be  discovered,  it 
seems  to  be  due  far  more  to  imprudent  action  on  the  part  of  certain  banks,  who 
have  made  advances  at  long  dates,  or  on  securities  not  readily  convertible.  The 
distrust  which  has  followed  on  the  failure  of  tome  among  these  banks  has  led  to 
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the  absorption  of  ft  large  amount  of  the  note  currency  by  the  solvent  banks,  with  a 
view  to  making  their  position  impregnable.  But  this  retention  of  notes,  as  it  has 
limited  the  amount  of  accommodation,  has  indirectly  raised  the  rate  of  discount ; 
and  thus  it  follows  that  as  long  as  the  rate  is  high  the  notes  are  hoarded,  and  as 
long  as  the  notes  are  hoarded  the  rate  will  be  high.  It  is  worth  the  attention  of 
the  Section  to  consider  whether  the  contingency  of  such  &  dead-lock  as  the  present 
may  not,  concurrently  with  the  restrictions  of  the  Act  of  1844,  or  independently  of 
them,  be  rendered  more  frequently  imminent  by  the  increased  inducements  in  the 
shape  of  high  rates  of  interests  offered  to  the  public  on  deposit  accounts. 

At  all  events,  the  present  state  of  affairs  is  without  parallel.  Once  (in  1867)  the 
rate  of  discount  touched  0  per  cent,  just  before  the  relaxation  of  the  Act  It  has 
stood  on  the  present  occasion  for  some  weeks  at  10 ;  and  unless  British  commerce 
is  now  conducted  under  far  more  favourable  circumstances  than  it  could  have  been 
nine  years  ago,  the  effect  must  ultimately  be  ruinous  to  the  trader — must  speedily 
be  followed  by  a  great  rise  in  general  prices,  and  in  ail  probability  by  a  glut  of 
capital  at  no  distant  date. 

The  discussion,  however,  of  purely  economical  questions  forms  in  effect  the 
least,  but  generally  the  most  exciting,  among  the  topics  laid  annually  before  this 
Section.  Its  largest  business  lies,  and  will  it  may  be  hoped,  constantly  lie,  in  the 
direction  of  statistical  inquiry. 

The  statistics  published  by  the  various  Government  Departments  are  annually* 
of  increasing  fulness,  of  larger  importance,  of  improved  method.  Their  utility 
cannot  be  overrated,  their  value  to  those  who  are  led  to  familiarize  themselves 
with  these  certain  and  unprejudiced  witnesses  is  of  the  highest  character. 

During  the  past  year  two  papers  have  been  issued,  both  I  believe  from  the  Poor 
Law  Board,  or  at  least  compiled  by  means  of  its  machinery,  which  have  had  a 
considerable  public  interest.  I  allude  to  the  returns  of  Live-Stock,  and  to  the 
Statistics  of  the  Borough  Franchises.  The  first  of  these  is,  we  understand,  to  be 
continued,  and  to  be  accompanied  by  general  Agricultural  Statistics. 

The  origin,  as  we  all  know  too  well,  of  these  returns  of  live-stock  is  to  be  found 
in  the  instance  of  the  Cattle  Murrain.  The  preventive  measures  employed  to 
check  the  disease,  and  the  scheme  of  compensation  accorded  to  those  whose  cattle 
were  sacrificed  in  order  to  save  those  of  other  cattle  owners,  almost  necessitated  a 
rough  cattle  census.  Such  a  census  has  been  taken  in  other  countries  for  some 
"  time  past,  and,  in  common  with  other  agricultural  statistics,  has  been  regularly 
supplied  for  Ireland.  It  is  to  be  hoped  that  the  prejudice  which  agriculturists 
have  entertained  against  the  supply  of  these  and  similar  returns  will  speedily  be 
obliterated.  It  may,  I  presume,  be  taken  for  granted  that  no  Administration  wishes 
to  use  these  facts  for  any  other  purpose  than  that  of  general  information  as  to 
the  domestic  resources  of  the  nation  at  large. 

The  value  of  agricultural  statistics  does  not  lie  simply  in  the  aid  which  they  may 
afford  in  indicating  the  probable  course  of  the  market  and  in  saving  it  from  need- 
less fluctuations,  but  in  suggesting  what  is  the  probable  annual  deficiency  in  supply 
Many  yean  have  passed  since  this  country  grew  enough  food  for  its  inhabitants. 
That  its  prosperity  may  be  uninterrupted,  it  will  be  necessary  that  it  should  rely 
increasingly  on  foreign  produce.  That  its  people  should  be  well  fed,  it  is  necessary 
that  every  facility  should  be  given  for  the  growth  and  importation  of  live-stock  and 
meat. 

The  Table  of  statistics  giving  information  of  the  amount  of  cattle,  sheep,  and 
pigs,  on  the  5th  of  March,  I860,  on  the  presumption  that  the  returns  are  accurate, 
is  singularly  instructive.  In  drawing  any  inference  on  this  subject,  we  should 
treat  Great  Britain  separately  from  Ireland,  as  the  importation  of  cattle  from  this 

fart  of  the  United  Kingdom  is  more  difficult  than  it  would  be  from  Belgium  or 
'ranee,  and  nearly  as  difficult  as  from  Denmark  and  the  Elbe.    In  round  numbers, 
the  population  of* Great  Britain  is  about  24  millions. 

In  one  particular  only,  that  of  sheep,  is  Great  Britain  on  a  general  level  with 
other  countries.  There  is  nearly  a  sneep  to  every  head  of  population.  But~of 
•horned  cattle  there  is  only  one  to  about  every  five ;  of  pigs  only  one  to  every  nine. 
Were  the  amount  of  horned  cattle  in  France  proportionate  only  to  Great  Britain, 
France  would  have  a  little  more  than  six  millions ;  in  fact  it  has  rather  more  than 
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fourteen  millions.  The  same'  may  be  said  of  Austria.  In  many  of  the  German 
Stated  the  proportion  is  higher  still.  In  Denmark  the  cattle  are  not  very  much 
less  numerous  than  the  population.  In  the  United  States  there  is  rather  more  than 
one  head  to  every  two  of  population. 

With  pigs,  as  I  have  stated,  Great  Britain  is  very  scantily  provided.  In  France 
and  Prussia  the  pigs  are  one  to  seven ;  in  Austria  one  to  four  and  a  half.  Taking 
the  whole  of  Europe  the  proportion  is  one  to  six.  In  the  United  States  there  are 
more  pigs  than  population. 

Haa  die  returna  supplied  us  with  information  as  to  poultry,  the  deficiency  would 
have  been  still  more  striking.  In  the  year  1866  this  country  imported  more  than 
400  millions  of  eggs,  if  the  hundred  of  eggs  be  taken,  as  it  has  been  from  the 
earnest  time,  at  lzO. 

I  need  hardly  inform  my  hearers  of  the  fundamental  canon  of  prices — that  when 
the  supply  of  any  necessary  of  life  falls  short  of  the  demand,  the  price  rises  in  a 
proportion  which  I  may  perhaps  venture  on  calling  geometrical ;  tnat  is,  the  quan- 
tity available  for  sale  is  worth  more,  increasing  according:  to  the  deficiency,  than 
the  normal  or  natural  supply  would  be.  The  statistics  or  the  cattle  returns  supply 
the  key  towards  interpreting  the  high  price  of  meat ;  and  we  may  be  sure  that  the 
price  would  be  higher  than  it  actually  is,  were  it  not  for  those  improvements  in 
stock-keeping  by  which  cattle  become  more  available  for  consumption  at  earlier 
dates — improvements  which  are  yearly  developed. 

This  deficiency  is  not  greatly  supplemented  oy  importation.  Small  as  the  stock 
of  cattle  is,  the  annual  importations  do  not  amount  to  more  than  one-twentieth 
of  the  ordinary  stock,  while  that  of  sheep  is,  as  a  rule,  but  one-fiftieth.  During 
the  present  year  even  these  quantities  must  have  undergone  a  serious  diminution. 
Nor  is  the  import  of  meat  large.  The  most  important  item  is  that  of  bacon.  But 
even  here  the  largest  estimate  will  not  give  more  than  the  equivalent  of  900,000 
pigs.    The  beef  seems  to  be  about  equal  to  the  supply  of  60,000  oxen. 

It  is  a  matter  of  regret  that  no  facts  have  been  collected  by  which  we  might 
compare  the  present  and  the  past  supply  of  live  stock  in  Great  Britain  It  is  of 
course  always  dangerous  to  trust  to  impressions,  or  to  memory ;  but  I  cannot  but 
be  convinced  that  there  has  been  a  general  and  considerable  diminution  in  the 
amount  of  live-stock  in  Great  Britain  for  some  years  past  It  is  now  comparatively 
seldom  that  agricultural  labourers  are  able  to  keep  pigs;  it  is  still  more  rare  that 
they  breed  poultry.  The  enormous  importation  of  egrgs  suggests  that  the  fowls 
kept  in  Great  Britain  are  comparatively  scanty.  But  it  is  probable  that  the  main- 
tenance of  insect-eating  birds  is  an  important  provision  in  agricultural  economy, 
and  that  when  we  find  fault  with  the  destruction  of  small  biros,  we  forget  that  our 
practice  is  dispensing  with  a  still  more  important  means  for  checking  the  ravages 
of  insects,  as  well  as  for  supplying  that  great  deficiency  in  live-stock  which  seems 
to  characterize  our  domestic  economy.  It  is  possible,  too,  that  the  abandonment 
of  much  pasture  in  the  northern  part  of  the  Island  to  deer  forests  and  grouse  moon 
has  considerably  lessened  stocks  of  lean  cattle  and  mountain  sheep. 

It  is  a  little  dangerous  to  offer  any  comment  on  the  second  important  contribu- 
tion to  the  statistical  information  of  the  present  year.  Under  existing  circum- 
stances we  must,  if  we  allude  to  the  Electoral  statistics,  remember  the  caution  of 
the  Roman  poet: — 

"  Incedis  per  ignes 
Suppositos  eineri  doloao." 

It  will  be  clear,  however,  that  valuable  as  the  Blue  Book  is  to  which  I  am  ad- 
verting, and  singular  as  were  some  of  the  obvious  inferences  from  its  contents,  the 
facts  are  imperfect  and  the  tabulation  still  more  so.  One  would  have  desired  to 
see,  along  with  the  figures  declaring  the  value  of  lands  and  tenements  as  estimated 
for  income-tax,  other  similar  charges,  such  as  the  proportion  of  assessed  taxes,  and 
the  amount  of  the  poor  rate.  It  would  have  been  well  also  had  the  distribution 
of  the  26  per  cent,  of  "  working  classes  "  among  the  several  constituencies  been 
distinctly  indicated.  Thus,  for  instance,  the  persons  designated  by  this  name 
amount  to  nearly  all  the  constituency  at  Birkenhead;  at  not  much  leas  in 
Nottingham ;  whereas  at  Birmingham  they  are  taken  at  less  than  a  fifth,  at  Brad- 
ford considerably  under  a  tenth.  Is  it  possible  that  the  expression  "working classes  " 
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has  been  variously  interpreted  by  those  who  transmitted  their  reports  to  the  Poor 
Law  Board  P  But  as  the  returns  published  in  this  parliamentary  paper  are  of  con* 
siderahle  interest,  it  may  be  confidently  expected  that  the  facts  will  be  tabulated 
in  a  fuller  manner  hereafter,  as  they  are  keenly  criticised  at  present 

The  progress  of  statistical  inquiry  is  not  due  to  the  direct  action  of  the  Govern- 
ment only,  great  and  important  as  have  been  the  aids  which  the  various  public 
departments  have  conferred  on  this  branch  of  social  learning.  Among  the  scien- 
tific bodies  who  hold  sittings  in  the  metropolis  and  issue  reports  of  their  meetings 
and  their  labours,  none  is  more  industrious,  more  impartial,  and  more  useful,  than 
the  Statistical  Society  of  London.  Its  Journal,  now  in  the  thirty-second  year  of 
its  existence,  contains  a  mass  of  exceedingly  important  monographs  and  well-di- 
gested summaries,  and  is  continually  enriched  by  laborious  and  thoughtful  com- 
munications. During  the  past  year,  this  Journal  has  published  more  than  its 
customary  amount  of  statistical  facts  which  illustrate  the  social  condition  of  various 
European  nations.  There  is  a  special  value  in  information  such  as  that  given  by 
my  distinguished  friend  Dr.  Farr  on  the  mortality  of  children,  for  there  cannot, 
I  conceive,  be  a  better  gauge  of  the  moral,  the  social,  and  the  material  progress  of 
a  people  than  a  low  death-rate  among  children.  The  labours  of  Mr.  Walton  and 
Mr.  Hyde  Clarke  have  thrown  light,  the  former  on  the  condition  of  Franoe;  a 
country  which  asserts  a  peat  social  and  intellectual  place,  and  certainly  occupies 
a  commanding  political  influence ;  the  latter  on  that  of  Turkey,  the  lowest  and 
apparently  the  most  irreclaimable  of  European  communities. 

I  cannot  but  feel  a  lively  interest  in  such  inquiries  as  those  which  have  been 
undertaken  by  Mr.  Jevons.  The  interpretation  of  prices,  when  the  facts  are  large 
enough  to  preclude  the  influence  of  exceptionally  disturbing  causes,  is  one  of  the 
most  interesting  as  well  as  the  most  instructive  among  the  whole  range  of  eco- 
nomical investigations.  Nothing,  I  believe,  is  more  likely  to  correct  those  hasty 
generalizations  which  have  formed  peculiar  temptations  to  some  of  our  most  dis- 
tinguished economists  than  the  careful  analysis  of  prices.  The  illustrious  cory- 
pheus  of  political  economy,  Adam  Smith,  was  as  laoorious  in  collecting  facts  as 
ne  was  subtle  in  gathering  inferences :  and  I  have  been  constantly  struck,  in 
following  out  certain  researches  into  the  history  of  prices,  by  the  remarkable  sagacity 
with  which  Smith  occasionally  anticipated  or  suggested  the  facts  of  social  lire 
many  centuries  ago. 

It  might  be  expected  that  there  would  be  a  close  conformity  between  values  at 
very  remote  periods  of  social  history.  The  proportions  subsisting  between  the  prices 
of  labour  and  food  are,  or  should  be,  so  close  and  unvarying,  that  we  may  always 
suspect,  in  fully  settled  countries  at  least,  that  any  marked  discrepancy  between 
values  at  different  periods  is  suggestive  of  removeable  evils.  For  instance,  if  the 
price  of  food  is  considerably  in  excess  of  the  average  rate  of  wages,  some  cause, 
which  may  be  eliminated  or  corrected,  can  almost  always  be  assigned  for  the  phe- 
nomenon. I  may  mention  here  in  illustration  of  this  rule,  that  during  the  thirteenth 
and  fourteenth  centuries  the  prices  of  barley  and  oats,  wheat  being  taken  at  100, 
are  represented  by  the  numbers  73*14  and  42*05,  and  that  within  the  last  ten  years 
the  numbers  have  been  70  and  46*95.  Close  as  this  relation  is,  the  slight  discre- 
pancy may,  I  think,  be  accounted  for  by  the  incidence  of  the  malt  tax  in  the  first  case, 
and  the  great  increase  in  the  number  of  horses  kept  in  the  second.  Other  con- 
current causes  may,  I  make  no  doubt,  be  detected,  out  these  I  think  are  likely  to 
be  the  most  dominant 

Estimates  as  to  depreciation  and  exaltation  in  the  value  of  the  precious  metals 
are,  however,  to  be  made  with  extreme  caution,  because  they  are  liable  to  many 
fallacies.  Some  of  us  may  remember  the  alarms  entertained  by  M.  Chevalier  as 
to  consequences  likely  to  be  effected  on  prices  by  the  gold  discoveries.  It  is  not, 
I  think,  too  much  to  say  that  these  fears,  though  natural,  were  grossly  exaggerated ; 
for  in  order  that  such  inductions  should  be  valid,  they  should  be  taken  from  a 
very  wide  area,  and  many  disturbing  causes  should  be  accounted  for  or  eliminated. 
The  effects  of  unfavourable  seasons  and  interrupted  importations — it  is  only  twenty 
years  since  the  country  accepted  the  principles  of  free  trade,  several  years  less  than 
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twenty  since  it  has  experienced  the  advantage  of  that  policy — should  be  recognized 
in  interpreting  the  money  value  of  the  first  necessaries  of  life ;  while  the  effects 
of  speculative  purchases  and  forced  sales  are  equally  dominant  in  the  price  current 
of  its  conveniences.  To  interpret  a  rise  and  fall  in  the  value  of  money  (the  efflux 
and  influx  of  which,  as  a  merchantable  commodity,  is  inevitably  more  free  than 
that  of  any  other  article  of  value)  by  the  money  measure  of  that  which  is  open  to 
a  vast  variety  of  influences,  must  be  an  operation  in  which  infinite  caution  is 
necessary  {  in  order  to  prevent  the  inference  from  becoming  wholly  untrustworthy 
and  delusive. 

On  such  occasions  as  those  in  which  the  British  Association  has  met  in  consider- 
able manufacturing  towns,  the  Section  over  which  I  have  the  honour  to  preside  has 
generally  had  the  benefit  of  local  trade  reports.  In  so  considerable  a  town  as 
Nottingham,  one  too  which  for  a  long  time  nas  been  distinguished  as  the  centre 
of  important  and  special  manufactures,  the  Section  may  hope  to  have  the  advantage 
of  hearing  these  reports,  and  obtaining  information  as  to  local  expenditure  and 
improvement.  To  such  reports  it  is  our  practice  to  give  priority  in  so  far  as  may 
be  consistant  with  the  general  convenience  of  the  business  before  the  Section.  For 
the  rest,  the  committee  will  endeavour  to  group  the  papers  which  are  to  be  read 
so  as  to  make  the  discussions  of  each  day  as  congruous  as  possible. 


On  the  Transfer  of  Real  Property.  By  Thomas  Browvb. 
It  was  calculated,  the  author  said,  that  one-third  of  the  land  in  England 1 
mortgaged.  Every  mortgage  might  be  estimated  to  cost  £5,  exclusive  of  stamps, 
and  to  oe  of  an  average  duration  of  only  five  or  six  years.  We  could  therefore 
readily  gather  what  an  immense  sum  was  annually  paid  for  the  preparation  of 
mortgage-deeds  alone.  Perhaps  in  no  case  were  the  fictions  of  tne  law  better 
exemplified  than  in  a  mortgage-deed,  which  was  nothing  better  than  a  sham. 
Two-thirds  of  the  matter  was  tne  repetition  of  an  established  form.  The  amount 
of  the  remuneration  of  the  lawyers  depended  on  the  length  of  the  deeds ;  and  for 
short  deeds,  therefore,  the  payments  would  be  ridiculously  small.  If  it  should  be 
decided  to  abolish  the  present  system  of  conveyance,  on  the  ground  of  its  artificial 
character,  and  there  being  no  longer  any  reason  for  distinguishing  between  real 
and  personal  property,  the  time  would  be  opportune  (especially  as  the  Board  of 
Trade  were  obtaining  statistical  details  to  show  the  acreage  of  England,  and  the 
owners  of  landed  property  and  the  modes  of  cultivation)  to  attach  to  some  standard 
survey  map  of  England,  and  duly  apportion  by  figures  for  reference  all  the  landed 
property  of  England.  It  might  be  allotted,  on  the  principle  of  a  limited  liability 
company,  into  so  many  shares,  say  one  acre  each.  These  might  be  issued  in  the 
form  of  scrip,  from  a  foot-registry,  to  the  present  owners  of  the  land,  upon  their 
affording  satisfactory  proof  of  ownership ;  and  they  would  then  be  transferable 
in  the  same  manner  as  other  shares.  This  plan  need  in  no  measure  interfere  with 
the  law  of  primogeniture.    The  author  deprecated  any  rash  change. 

Some  of  the  Results  of  the  Free  Licensing  System  in  Liverpool  during  the  last 
four  years.  By  the  Kev.  William  Caine,  M.A.,  of  Manchester. 
Five  years  ago  the  magistrates  of  Liverpool  adopted  the  plan  of  granting  public- 
house  licenses  to  all  supposed  respectable  persons  who  applied  for  them,  without, 
regard  to  the  requirements  of  the  neighbourhood  in  which  tne  houses  were  situated, 
or  the  wishes  of  the  inhabitants.  In  Manchester  and  other  towns  the  wishes  of 
the  inhabitants  of  the  districts  are  in  some  measure  attended  to.  It  may  be  inter- 
esting to  the  members  of  the  British  Association  to  know  the  effect  of  the  new 
plan  adopted  by  the  Liverpool  magistrates.  I  am  able,  from  official  returns,  to  lay 
before  this  Section  the  number  of  drunken  cases  in  the  borough  of  Liverpool  deter- 
mined summarily  by  the  justices  during  the  last  eleven  years ;  that  is,  during  seven 
years  while  the  magistrates  restrictea  the  grant  of  licenses  in  the  way  in  which 
they  are  limited  in  other  towns,  and  during  lour  years  under  the  new  method: — 


Public- 

Beer- 

Year. 

houses. 

houses. 

1865  .. 

..  1447 

966 

1856  .. 

..  1446 

967 

1857  .. 

..  1454 

973 

1858  .., 

..  1482 

977 

1859  .. 

..  1498 

996 

I860  ... 

,.  1498 

988 

1861  .., 

..  1528 

970 
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1862  .., 

..  1544 

1024 

1863  .. 

..  1636 

927 

1864  .. 

..  1667 

1007 

1865  .. 

..  1793 

952 
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TABULAE  STATEMENT  OP  PUBLIC-  AND  BEER-HOUSES,  &C.,  IN  THE  BOROUGH  OF 
LIVERPOOL,  PROM  ORIGINAL  SOURCES,  FROM  1855  TILL  1865. 

Drunken  oases  determined  sum- 
marily by  the  Justices. 
12  819  ) 

12J480  /  Total  of  4  years,  46,567;  average 
11,439  f  per  year,  11,641$. 

9,829) 

jl'E  )  Total  of  3  years,  31,832;  average 

>  FREE-TRADE  SYSTEM. 

12,076  ) 

13,914  I  Total  of  4  years,  53,914;  average 
14,002  f  per  year,  13,478J. 

•13,922  J 

^  Let  me  compare  the  number  of  drunken  cases  given  above  with  the  number  of 
similar  eases  in  other  towns,  fmd,  first,  in  the  leading  commercial  and  manufac- 
turing towns. 

LIVERPOOL  COMPARED  WITH  THE  LEADING  COMMERCIAL  AND  MANUFACTURING- 
TOWNS. 

Birmingham  had  in  1864  one  drunken  case  determined  summarily  by  the  justices 
in  every  232  of  the  population;  Sheffield,  1  in  195;  Halifax,  1  in  175;  Rochdale, 
1  in  124 ;  Leeds,  1  in  121 ;  Manchester  and  Salford,  1  in  116 ;  York,  1  in  16 ;  Hud- 
dersfield,  1  in  75 ;  Liverpool,  1  in  33. 

But  it  may  be  said,  and  said  truly,  that  Liverpool  ought  to  be  compared  with 
seaport  towns.    Let  us  so  compare  them. 

LIVERPOOL  COMPARED  WITH  THE  TOWNS  CLASSIFIED  IN  THE  "  BLUR  BOOK8  " 
AS  COMMERCIAL  PORTS. 

Swansea,  1  in  251 ;  Bristol,  1  in  245 ;  Southampton,  1  in  194 ;  Yarmouth.  1  in 
168;  Hull,  1  in  105;  Newcastle-on-Tyne,  1  in  95;  Sunderland,  1  in  95;  Tyne- 
mouth,  1  in  60;  South  Shields,  1  in  45;  Liverpool,  1  in  33. 

It  is  often  said  that  the  beer-houses  are  more  productive  of  crime  and  vice  than 
public-houses.  In  Manchester  we  have  nearly  twice  as  many  beer-houses  as  there 
are  in  Liverpool,  and  Liverpool  has  more  than  three  times  as  many  public-houses 
as  there  are  in  Manchester.  Let  us  compare  the  two  towns  with  respect  to  the 
drunkenness  and  vice  in  them. 

LIVERPOOL  AND  MANCHESTER  COMPARED  IN  1864. 

(The Judicial  statistics  for  1865  not  yet  received.) 

Population         Public-         Beer-  Drunken 

in  1861.            houses.        houses.       Inquests,  cases. 

Liverpool....  443,938           1667           1007           960  14,002 

Manchester .  .357,979             482           1884           616  3,587 

Police.  Daily  average 

No.  in  gaol 


No.  of  Men.  Cost.  Brothels,  in  the  year. 
£ 

Liverpool  ....  1030        73,606  906  975 

Manchester   ..    669        43,713  410  639 

In  Manchester  we  have  an  enormous  amount  of  pauperism  and  preventible 
poverty.    Let  us  see  how  Liverpool  stands  in  this  in  comparison  with  Manchester. 

♦  Sir  George  Grey's  Public-house  Closing  Act  came  into  operation  on  December  1, 1864, 
and  was  consequently  in  force  ten  months  of  the  year  ending  September  29,  1865,  and  has 
continued  in  force  since. 
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LIVERPOOL  IK  RESPECT  TO  PAUPERISM. 

By  a  Parliamentary  paper  just  issued,  it  appears  there  were  indoor  and  outdoor 
pampers  relieved  1st  June  1866. 

Cost  of  Lunatics  for 
Population  Paupers  relieved,  12  months,  1865. 

in  1861.  in  and  outdoor.  £        «. 

Manchester  pariah   ..  185,410  8,394  4812    7 

Liverpool  pariah  ....  269,742  18,485  9940    8 

The  crime  of  Liverpool  appears  to  be  increasing  every  year  at  a  rate  out  of  all 
proportion  with  the  rate  of  increase  of  the  population.  A  few  days  ago,  Baron 
Martin,  in  charging  the  grand  jury  at  Liverpool,  said,  that  "never  since  he  had  been 
on  the  bench  had  he  seen  a  more  deplorable  calendar  than  that  of  the  present  assizes, 
particularly  with  reference  to  the  serious  nature  of  the  crimes.  Sixteen  of  the 
cases  were  of  homicide,  and  in  his  opinion  several  of  the  cases  put  down  as  man- 
slaughter ought  really  to  have  been  styled  murder They  were  the  worst 

list  of  cases  of  homicide  that  he  had  ever  seen — he  did  not  think  he  had  ever  seen 
anything  so  bad  during  the  course  of  a  long  experience  on  the  bench."  On  the 
same  day,  before  sentencing  a  person  charged  with  manslaughter,  his  lordship 
stated  that  "this  case  arose  out  of  drunkenness,  which  seemed  to  be  the  cause  of 
nine-tenths  of  all  the  crime  that  was  committed." 

At  the  Salford  Hundred  Quarter  Session,  held  a  few  weeks  since,  Mr.  Edmund 
Ashworth,  one  of  the  visiting  justices,  made  a  remark  which  ought  not  to  be  omitted 
in  this  paper.  He  said,  "In  the  borough  of  Liverpool  they  had  nearly  10,000 
prisoners  a  year,  and  the  recommitals  were  58  per  cent.,  while  the  number  of  pri- 
soners to  the  population  of  the  borough  of  Liverpool  was  1  to  45  j — the  extreme 
of  criminality  of  anv  population  in  the  north  of  England,  but  the  sentences  there 
only  average  35}  days.  Some  of  the  Liverpool  magistrates  had  an  opinion  in 
favour  of  giving  a  license  to  sell  liquor  to  almost  every  house  for  which  an  appli- 
cation was  made ;  and  looking  at  that  state  of  things,  and  the  figures  already  given, 
it  appeared  that  Liverpool  was  the  most  drunken,  and  had  the  highest  range  of 
criminality  of  any  town,  perhaps,  in  England.  Hence  it  became  the  duty  of  the 
authorities  to  consider  a  little  the  position  they  occupied."  At  this  time,  when 
cholera  has  invaded  our  shores,  I  cannot  conclude  without  some  reference  to  the 
alarming  mortality  in  Liverpool — so  alarming  that  the  medical  papero  speak  of 
Liverpool  as  tf  a  national  danger."  A  Liverpool  paper,  of  the  0th  instant  thus 
speaks  of  the  mortality  there:  "Thousands  of  pounds  have  been  expended  in 
attempting  to  remove  the  causes  of  disease  and  death,  and  to  introduce  better  sani- 
tary regulations ;  yet  fever  and  other  contagious  diseases  not  only  exist  but  prevail 
to  an  alarming  extent,  increasing  the  bills  of  mortality  so  fearfully  above  the 
average  of  the  United  Kingdom  that' six  thousand  lives  were  sacrificed  during  the 
past  year,  which,  in  the  opinion  of  Dr.  Trench,  would  have  been  saved  if  Liver- 
pool had  been  as  healthy  as  other  towns." 

This  statement  is  so  appalling  that  it  may  well  occasion  apprehension,  and 
attract  the  attention  of  comparative  strangers  to  this  town  as  a  "  national  dancer." 

The  subjoined  Table  shows  the  number  of  inquests  held  in  Liverpool  and  Man- 
chester respectively,  from  1856  till  1865  :— 

THE  OLD  LICENSING  SYSTEM. 


1856. 

1857. 

1858. 

1859. 

1860. 

1861. 

Liverpool  . . . 
Manchester 

.  656 

605 

609 

690 

664 

639 

.  496 

502 

467 

607 

603 

578 

THE  SO-CALLED  FREE-TRADE  SYSTEM. 

1862.  186a  1864.         1865. 

Liverpool  ....     70  870  960         2938 

Manchester    ..535  608  616  — 

The  population  of  the  districts  included  in  1861  was — Liverpool,  443,938;  Man* 
cheater,  557,979. 
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DEATH-BATE  IN  THE  RBQISTBAB-OENEBAL'S  DISTRICTS  FOR  THE  YEARS 
1861  AND  1863. 

Population  Deaths, 

in  1861.  1861.  1863.         Increase. 

Liverpool  ....  200,742  8716  0557  1141 

Manchester    ..  260,741  7425  6071  646 

The  Registrar-General's  Report  for  England,  ending  March  31st,  makes  the  fol- 
lowing remarks  respecting  Liverpool : — "If  the  map  of  England  were  shaded  to 
represent  the  rates  of  mortality  of  last  quarter  In  the  registration  districts,  the  eye 
travelling  from  the  lighter  south  to  the  darker  north  would  be  instantly  drawn  to 
a  spot  of  portentous  darkness  on  the  Mersey ;  and  the  question  would  be  asked 
whether  cnolera,  the  black  death,  or  other  plague,  imported  with  bales  of  mer- 
chandise, had  been  lately  introduced  into  its  busy  and  populous  seaport.  Happily 
this  has  not  been  the  case ;  but  fever  probably  developed  or  aided  by  the  mild  and 
damp  atmosphere  of  the  season,  and  by  overcrowding  in  an  increasing  population, 
has  been  busy  and  fatal  in  Liverpool  and  in  other  towns  of  the  same  county,  and 
of  Yorkshire.  The  annual  mortality  of  the  borough  of  Liverpool  in  the  three 
months  was  excessive,  and  demands  immediate  and  earnest  consideration ;  it  rose 
to  4*503  per  cent  This  implies  that  if  this  death-rate  were  maintained  for  a  year, 
forty-six  persons  out  of  a  thousand  in  the  population  would  die  in  that  time,  or 
fifteen  more  than  died  in  Glasgow,  its  northern  rival,  and  nineteen  more  than  in 

London."  

On  the  Number  of  Chraduates  in  Arts  and  Medicine  at  Oxford  for  the  last  two 
centuries.    By  Dr.  Daxjbent,  F.R.S. 

Dr.  Daubeny  communicated  a  statement  of  the  number  of  degrees  of  Bachelor  in 
Arts  conferred  by  the  University  of  Oxford  each  year  from  the  middle  of  the  seven- 
teenth century  down  to  the  present  time,  from  which  it  would  appear  that  the 
increase  in  that  respect  which  has  taken  place  is  by  no  means  proportionate  to  the 
progress  of  the  country,  in  population,  wealth,  and  intelligence. 

Amongst  the  causes  which  have  led  to  this  result,  he  would  suggest  as  one,  the 
circumstance  that  an  University  education,  instead  of  being  regarded,  as  is  the  case 
in  other  countries,  the  fitting  preparation  for  all  the  liberal  professions,  has  by  us 
been  chiefly  confined  either  to  youths  educated  for  the  Churcn,  or  to  those  not  in- 
tended for  any  profession  at  all. 

Confining  himself  to  the  Medical  Profession,  he  had  ascertained  that  the  number 
of  Gradutes  had  sunk  in  Oxford  from  about  four  annually  to  every  hve  millions  of 
the  population,  which  was  the  case  two  centuries  ago,  to  less  than  one  at  the 
present  time. 

The  reasons  assigned  for  medical  students  so  rarely  resorting  for  their  education 
to  the  University,  may  be  briefly  stated  as  follows : — 

1.  The  prevailing  notion,  that  neither  professional  knowledge,  nor  even  the 
sciences  regarded  as  preparatory  to  it,  can  be  acquired  so  well  there  as  elsewhere. 

2.  The  large  outlay  which  a  University  education  is  supposed  to  entail. 

3.  The  necessity  imposed  upon  the  student  of  devoting  the  greater  part  of  his 
time  during  his  residence  to  tne  dead  languages,  thus  throwing  back  pursuits  of  a 
more  professional  character  to  a  later  period  of  life  than  that  at  which  they  are 
commenced  elsewhere. 

4.  The  danger  of  acquiring  habits  and  tastes  incompatible  with  the  successful 
career  of  a  medical  man,  from  daily  intercourse  with  a  class  of  youths  intended  for 
different  walks  in  life. 

Now  the  first  of  these  obstacles  has  been  removed,  so  far  as  relates  to  the  preli- 
minary studies,  by  the  recent  establishment  in  Oxford  of  a  staff  of  Professors  as 
efficient  and  of  means  and  appliances  for  the  prosecution  of  Chemistry,  Anatomy, 
and  the  like,  as  ample,  as  are  to  be  found  in  any  other  rival  institution,  whilst  witn 
regard  to  studies  purely  professional,  it  is  conceived  that  they  can  be  best  acquired 
after  the  preliminary  ones  are  fully  mastered,  and  may  therefore  be  reserved  with 
advantage  till  the  time  when  the  necessary  residence  in  the  University  has  been 
completed. 

Secondly,  that  the  large  sum  supposed  to  be  required  for  an  Oxford  education, 


IS* 

cv*.  ii.c  *mn.  "Uil  dbscr*?*  .c  t»:>arcL  a:«irrBE.  sad  tatting,  which  every  student 
auu«:  zxinr  i»ir  *-mil  *li*~  *rj»»niST*  hates  ant  K«2y  imiwiiii  ill1-  in  which  so  many 
auMurt.  Tie  .>cv^.  'aitr-djrt.  aapc  a*  an-jaded  iy  any  body  of  Tooths  who  were 
piioeciT  r.iidi&£iuie  zr  >.oc  uf  inrnitoTf-  10  a-=»Triate  chiefly  amongst  them- 
^tiT**.  siit  w!up  w*-«r  iLA!^ft  what  *3k4t  wnuid  bos  he  is  r—tftsnt  comnumication 
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h*»&  »«MtT  3.  p«s  «m:*r*c  hf  iter  new  TCrsistkau  which  *— Mf  the  Under* 

after  two  rears  of  residence  at  the 

7??Ct  3o  txiaae  who  appreateud  that  habits  Mufiiilng  for  *,  itm^;^ 
zj&tr  v.  se  acq^=7dd  by  a  rea&ence  at  the  UarversitT,  it  was  suggested, 


tui  the  ris':f  ii3*  w:oJd  he  Jturh  kaacnud  hj  islilJliJiMif  a  Hall  or  College 

1  students,  who  would  thus  fonn 


wiieh  avaL*£  h*  resetted  to  pexicpaZHr  br  medical  j 

a  crniii*'.!  ofthcsr  own,  *=»i  fcti  j^s  temptation  to  join  in  the  pursuits  of  the 

wealthier  and  >Ijrt  f»:r^:a  o£  Oxf nrd  society. 

It  k  not,  however,  sa^estod  that  Oxford  should  he  substituted  for  London  as 
a  piaee  liar  aeqazisar  clival  znstrac&an.  All  that  is  maintained  is,  that  the  pre- 
unratorr  staled*.  53  rh  as  CiKnisoy  aai  AnatJEBT,  maj  hs  mastered  as  well  out  of 
\txAm  as  in  h.  and  that  it  can  never  he  advisable  that  the  acquisition  of  so  large 
a  mart  ot  that  knowledge  which  k  looked  fx  from  an  aspirant  to  a  Medical  Degree 
ahxrid  he  compressed  within  ihe  sh^rt  cxnpass  of  the  time  he  is  expected  to  reside 
in  the  metropolis,  whilst  all  the  previous  Tears  of  his  life,  since  the  period  of  his 
leaving  school,  hare  been  eazrossed  br  an  apprenticeship  to  an  apothecary,  with 
lew  opportunities  of  learnin?  anything  beyond  the  art  of  compounding  medicines. 

Would  it  not,  it  was  asked,  be  more  advantageous  to  a  large  proportion  at  least 
of  these  students,  if,  before  they  were  considered  old  enough  to  reside  in  London, 
exempt  from  all  moral  sunervuion,  they  were  to  spend  half  the  year  in  keeping 
terms  at  the  University,  and  in  there  obtaining  a  sound  knowledge  of  those  sciences 
which  constitute  the  Wis  of  a  medical  education  ?  And  would  it  not  be  found 
sufficient  for  them  to  devote  merel y  the  remaining  half  to  the  routine  of  an  apothe- 
cary's shop,  for  the  purpose  of  acquiring  whatever  knowledge  can  be  derivea  from 
sucn  a  quarter  ?  ^ 

On  the  Lace  and  Hosiery  Trade*  of  Nottingham.  By  W.  Fklstx. 
The  author  observed  that  the  progress  of  the  town  and  suburbs  of  Nottingham 
in  population  and  material  wealth  during  this  century  has  been  much  advanced 
by  the  increase  of  the  lace  manufacturers  of  the  place.  In  regard  to  the  popula- 
tion of  Nottingham,  from  the  figures  which  appear  in  the  population  returns,  much 
misconception  prevails.  Nottingham  there  appears  to  have  a  population  of  about 
75,000.  that  is  within  the  limits  of  the  municipal  borough  only;  while,  including 
the  suDurban  parishes,  which  are  practically  parts  of  Nottingham,  there  are  about 
160,000  in  alL  It  has  risen  from  35,000,  the  number  in  1811.— The  following  ac- 
count of  the  machine- wrought  lace  trade  in  1865  is  based  on  a  census  made  by  Mr. 
Birkin  and  Mr.  Heymann  in  1862,  of  the  machinery  in  the  business,  and  given  by 
the  former  in  his  report  to  Class  24  in  the  London  Exhibition  of  that  year.  At 
that  time  there  were  1797  circular  machines  making  bobbin  net ;  of  these  200  were 
at  Tiverton,  100  at  Barnstaple,  360  at  Chard,  500  in  Derbyshire,  and  700  in  and 
near  Nottingham.  Also  1588  levers,  125  traverse  warps,  42  pushers,  all  in  Not- 
tingham and  its  neighbourhood,  making  a  total,  with  3o3  standing,  of  3552  bobbin 
net,  and  400  warp  lace  frames.  Of  these,  2149  were  making  silk  lace,  and  1450 
cotton  lace.  There  were  employed  on  plain  net  1442,  and  on  fancy  2157,  the  latter 
being  closer  imitations  of  cushion  lace  than  ever  before  made.  Although  since 
1862  there  have  occurred  great  fluctuations  in  demand,  and  the  prices  of  both  silk 
and  cotton  materials  have  advanced  full  75  per  cent.,  the  amount  of  machinery  and 
employment  was  in  1865  about  the  same  as  in  1862.  The  entire  production  con- 
tinues to  be  finished  and  sold  in  Nottingham,  except  that  at  Tiverton,  which  is  of 
silk,  and  sold  in  London.  The  approximate  number  of  hands  employed  in  1865  is 
calculated  upon  the  account  taken  oy  the  writer  recently  of  the  hands  actually  en- 
gaged in  making  and  finishing  the  production  of  lace  from  a  large  body  of  bobbin- 
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net  machines.  These,  for  the  whole  body  of  the  lace  machinery,  may  he  thus  stated:— 
900  men  employed  in  180  shops  for  making  machines,  bobbiiw,carriages,  points, 
guides,  combs,  needles,  &c,  at  average  wages  of  83*.  a  week ;  10,300  men  and  youths 
at  work  in  130  larger  factories  and  in  lesser  machine  shops,  1800  of  whom  may  earn 
16*.,  5000  25s.,  and  3600  first-class  Levers'  hands  36>.  a  week  on  an  average.  These 
all  work  alternate  shifts  of  four  and  five  hours  each,  in  the  entire  day  of  18  hours, 
during  which  the  engine  is  going.  4200  boys  clearing,  winding,  threading  bobbins, 
6*.  600  women  filling  bobbins  and  overlooking,  12*.  15,000  Drown  net  menders, 
who  usually  receive  nets  from  factories,  and  free  them  from  foul  or  uneven  threads. 
It  is  generally  supplementary  labour  to  household  work,  by  which  4*.  to  8*.  may 
be  gained,  averaging  5*.  a  week.  300  men,  warpers,  26*. ;  300  men,  moulders, 
founders,  and  superintendents  of  machinery,  36*. ;  60  carpenters,  80*. ;  360  porters. 
17*. ;  120  carters,  20*. ;  90  watchmen,  &c,  20s. ;  260  steam  engineers,  22*. ;  160 
bleachers,  30s.;  100  male  dressers  of  lace,  8*.  to  90*. :  900  female  dressers,  10*.; 
1000  female  white  menders,  12*. ;  600  female  lace-folders,  10*. ;  1000  paper-box 
makers  of  both  sexes,  7*. ;  460  warehouse  women,  13*. ;  260  female  overlookers, 
15*. ;  100  draftsmen  and  designers.  40*. ;  1300  warehousemen  and  clerks  taking  sala- 
ries. There  are  employed  in  each  finishing  lace  warehouse  from  6  to  600  females, 
as  the  size  and  nature  of  the  business  may  require.  The  number  cannot  be  known 
except  by  actual  census.  They  are  taken  from  outdoor  hands  in  brown-mending 
and  other  employments  on  lace.  The  hours  are  8  a.m.  to  6  or  7  p.m.,  and  the 
wages  are  about  9*.  on  an  average ;  overtime  is  paid  for.  The  kinds  of  work  must 
be  seen  to  be  understood,  but  are  in  general  more  wearisome  than  heavy.  In  some 
of  the  factories  and  work-rooms,  in  lace  warehouses,  and  in  dressing-rooms,  the 
heat  is  sometimes  oppressive.  In  general  ventilation  is  provided  for,  but  hands  do 
not  always  care  to  make  use  of  it  There  is  a  far  greater  number  of  females  em- 
ployed, sometimes  from  a  too  early  age,  in  the  houses  of  "  mistresses/'  often  their 
own  mothers,  upon  drawing,  scolloping,  carding,  &c,  processes  light  and  simple 
enough,  upon  goods  which  have  been  obtained  from  finishing  houses.  These  young 
people  must  exercise  care  and  cleanliness  on  the  goods,  or  they  would  be  spoilt. 
When  returned  to  the  warehouse  the  mistress  receives  a  price,  out  of  which  she 
takes  a  portion  for  her  labour,  risk  of  damage,  fire,  light,  house-room,  &c.  Some 
of  these  persons  employ  twelve  to  twenty  young  girls.  The  total  number  cannot 
be  known  accurately  except  by  census.  It  being  considered  domestic  employment, 
they  are  not  under  registration  or  visitation,  except  upon  complaint  made  on  sani- 
tary grounds.  A  great  improvement  has  been  going  on  in  regard  to  the  aze  at 
which  these  children  begin  to  do  this  kind  of  work,  and  the  hours  of  their  daily 
labour.  The  change  dates  from  Mr.  Grainger's  report  on  this  important  subject 
in  1844.  The  remaining  department  of  female  labour  in  connexion  with  the  ma- 
chine lace  trade  is  that  of  embroiderers  with  hook  or  needle,  Tambourers,  or  lace- 
runners,  once  amounting  to  160,000,  now  reduced  to  a  sixth  of  that  number.  Their 
average  weekly  earnings  in  1836  was  4*. ;  now  it  is  doubled,  and  more  for  the 
better  kinds  of  work.  As  fast  as  the  improved  machinery  produced  figured  work, 
nearly  finished  on  the  machines  ready  for  sale,  the  lace-embroiderers  were  cast  aside. 
About  1840  an  emigration  set  into  Nottingham  from  all  the  districts  within  fifty 
miles,  to  supply  the  mcreasingwarehouse  and  outdoor  female  labour  required  in  both 
the  lace  and  hosiery  trades.  There  has  thus  been  added  to  the  already  prepondera- 
ting female  population  of  the  place  13,000  within  the  last  26  years.  In  these  three 
classes  are  computed  from  90,000  to  100,000  females,  which,  added  to  the  38,000 
above  enumerated,  makes  a  total  of  about  136,000  employed  in  the  lace  trade  of 
Nottingham  in  1866.  The  materials  worked  up  cost  about  £1,715,000 ;  the  wages 
and  profits  amounted  to  £3,415,000  or  thereabouts ;  and  the  net  returns  may  be 
statea  at  £5,130,000. — In  the  hosiery  business  of  Nottingham  there  were  at  work 
in  1865  11,000  narrow  hand-machines,  employing  domestically  7500  men  and  8600 
women  and  youths,  at  wages  from  6*.  to  26*.,  averaging  by  the  statements  of  the 
hands  themselves  10*.  Qd.  weekly ;  also  4260  wide  hand-machines,  likewise  domes- 
tically employing  4260  men,  from  10*.  to  30*.,  averaging,  according  to  the  work- 
men's statement,  16*.  weekly  wages.  These  15,250  hand-frames  were  place  in 
4620  shops  in  80  parishes  spread  over  the  county  of  Nottingham.  The  entire 
average  wages  of  42,000  frames  in  1844  was  about  6*.  a  week  only.  These  two 
1866.  9 
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clones  of  hand-machines,  it  is  computed,  give  employment  to  about  20,000  ^ 
and  girls  as  winders  and  seamen,  earning  4*.  each  on  an  average.    There  are  about 
1000  wide-power  rotary  frames,  employing  700  men,  at  from  20*.  to  32a. ;  and 
about  16,000  girls  and  women,  seamen  and  winders,  on  an  average  of  5*.  weekly. 
There  are  about  1200  sets  of  circular  round-power  frames  improved,  employing  600 
men  and  600  youths,  at  from  12*.  to  35s.  weekly ;  and  1000  women,  getting  12*. 
to  20*.  weekly  wages.    The  winders,  cutters,  menders,  and  others  attached  to  these 
are  about  11,000  women  and  girls,  averaging  Is.  to  12*.  a  week.    And  there  are 
about  400  warp  machines  making  hosiery  by  power,  employing  400  men,  at  14*.  to 
35*. ;  and  200  youths,  at  12*.  to  20*. ;  besides  400  warpers,  &c  (men),  gaining 
about  25*. ;   and  also  2000  women  andgirls  stitching,  &c.  at  8*.  a  week  on  an 
average.  It  is  probable  that  there  are  2000  men  employed  in  bleaching,  dyeing,  &c, 
and  as  porters,  &c,  at  20*.  to  85*.  weekly ;  besides  6000  menders,  folders,  &c, 
working  in  warehouses,  at  from  8*.  to  12*.  weekly.    To  these  must  be  added  the 
warehousemen  and  clerks  in  80  establishments  for  finishing  and  sale  of  goods  in 
Nottingham.    The  Nottingham  hosiery  business  is  now  believed  to  be  giving  em- 
ployment to  about  17,000  males  and  44,000  females — together,  61,000  workpeople. 
The  estimated  returns  amounted  in  1865  to  about  £3,000,000.  The  two  staple  trades 
of  Nottingham,  therefore,  distributed  in  returns  an  amount  of  somewhat  more  than 
£8,000,000  sterling  last  year,  and  furnished,  in  the  aggregate,  employment  to  nearly 
200,000  workpeople.     The  hosiery  hand-frames  nere  stated  were  enumerate! 
throughout  the  whole  trade  by  my  census  in  1844;  and  the  results  are  given  with 
much  minuteness  in  a  paper  read  in  this  Section  at  the  York  Meeting  of  the  British 
Association,  where  the  terrible  details  of  suffering  then,  and  for  forty  years  pre- 
viously, endured,  caused  much  interest  and  sympathy.    Happily  the  state  of  things 
then  described  is  now  entirely  changed,  and  tne  labour  oi  the  stocking-maker  being 
in  larger  demand  than  the  supply,  both  employed  and  employer  are  enjoying  an 
amount  of  prosperity  never  before  realized,  but  which,  we  hope,  may  be  long  con- 
tinued.   It  will  be  an  explanation  of  some  interest  to  those  who  are  strangers  to 
the  process  of  these  trades,  to  state  that  the  hand-knitter  of  a  stocking,  if  assiduous 
and  clever,  will  knit  100  loops  a  minute ;  and  that  Lee,  on  his  first  machine,  made 
1000  of  worsted,  and  on  his  second  1500  loops  of  silk  per  minute.    The  visitor  may 
now  see  made  on  the  round  frame,  patented  by  Brunei  in  1816,  but  since  modified 
and  improved,  without  any  effort  of  the  attendant  but  to  supply  yarn,  260,000  loops 
of  the  finest  textures  made,  in  various  colours,  per  minute,  with  safety ;  an  advance 
of  2500-fold  upon  the  hand-knitter.    Also,  that  while  a  pillow-lace  maker  can 
form  5  meshes  per  minute  by  her  skilful  and  pH&ble  fingen,  Heathcote,  on  his  first 
essay  upon  his  Dobbin-net  machine,  made  1000,  and,  before  the  expiration  of  his 
patent,  10,000  of  these  meshes  per  minute ;  a  man  sitting  to  overlook  his  machine 
now  will  watch  its  movements,  producing  50,000  meshes  per  minute — an  increase  of 
10,000-fold  on  the  cushion  labourer's  arduous  and  painstaking  task.    The  mathe- 
matical nicety  of  the  construction  of  each  of  these  machines  necessary  to  their 
secure  working,  the  beautiful  simplicity  of  the  looping  stocking  frames,  contrasted 
with  the  complexity  and  rapidity  of  movement  through  confined  spaces  of  the 
thousands  of  bobbins  and  carriages,  in  the  mesh-making  and  embroidering  bobbin- 
net  machines,  will  be  found  to  surpass  the  greater  part  of  the  machinery  employed 
in  any  other  manufacture  whatever.    Two  or  three  particular  points  in  connexion 
with  the  present  operations  of  these  trades  will  interest  this  Section.    A  hundred 
years  ago  almost  all  stockings  were  widened  and  narrowed  on  the  frame,  as  they 
bad  been  by  hand-knitting,  so  as  to  fit  the  leg  and  foot  exactly  with  neatness  and 
comfort  to  the  wearer.    These  were  called  full-fashioned  hose.    Seventy  or  eighty 
yean  ago  the  practice  of  making  goods  straight  down  in  the  leg  first  began ;  these 
were  called  spurious  goods,    from  that  time  till  1845  Parliament  was  on  several 
occasions  informed  that  this  practice  caused  distress,  and  applied  to  to  declare  this 
mode  of  making  stockings  illegal ;  but  these  petitions  were  without  legislative  re- 
sult.   Brunei's  round  frame  makes  knitted  socks  without  fashion,  and  the  round 
web  is  shaped  by  scissors  and  sewn  up  by  stitching  machines  or  hand.    One  head 
will  produce  weekly  30  dozen  of  women's  hose,  sold  at  3dL  to  Qd.  a  pair.     At  first 
these  goods  were  hateful  to  the  greater  portion  both  of  masters  ana  men.     So  far 
from  tne  trade  being  ruined,  it  has  become  better  than  for  a  century  past,  in  every 
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branch.  No  doubt  several  thousands  have  been  at  work  to  produce  this  result ; 
but,  meanwhile,  we  are  clothing  the  feet  of  millions  of  people,  who  twenty  years 
ago  knew  nothing  of  stockings ;  and  will  in  all  probability  prove  precursors  of  de- 
mand for  the  better  and  more  costly  articles ;  80,000  persons  are  employed  by  these 
round  frames.  In  the  working  of  power  lace  machines  there  is  the  anomaly  of 
eighteen  hours'  continued  working  of  the  engine  in  the  midland  factories.  The 
women  and  children  are  now  withdrawn  from  night  labour.  It  is  more  than  ques- 
tionable whether  the  natural  hours  of  adult  male  labour  might  not  now,  if  univer- 
sally adopted,  result  in,  at  least,  equal  advantage  to  the  owners  of  these  machines, 
costly  as  they  are,  yet  working  to  little  profit,  and  with  greater  comfort  to  the 
workmen  and  their*  families.  In  conclusion,  the  condition  of  the  children,  probably 
not  much  lower  than  40,000  employed  by  mistresses,  and  the  circumstances  at- 
tending such  numbers  being  confined  so  many  hours  in  rooms  not  intended  for 
workshops,  would  seem  to  call  for  authorized  inspection,  and,  I  think,  for  registra- 
tion also.  

On  Inventors  and  Inventions.     By  G.  Bell  Galloway. 

On  the  Subjects  required  in  the  Classical  Tripos  Examination  and  in  the 
Trinity  College  Fellowship  Examination  at  Cambridge*  By  Jakes  Hey- 
wood,  M.A.,  FMJS. 

The  author  contended  that  a  wider  range  of  subjects  in  the  triposes  or  examina- 
tions for  honours  at  Cambridge  and  in  the  fellowship  examinations  would  raise 
the  standard  of  qualifications  for  schoolmasters,  who  are  often  selected  from  the 
classes  of  honour-men  and  college-fellows  at  the  University.  Royal  Commis- 
sioners, who  regulated  public  schools  and  academical  studies  in  the  reigns  of  the 
Tudor  sovereigns,  no  doubt  acted  conscientiously  according  to  the  ideas  and 
enlightenment  of  the  sixteenth  century;  they  followed  in  the  same  line  with  their 
Roman  Catholic  predecessors,  deeming  Latin  and  Greek  learning  the  only  sure 
basis  of  the  higher  education  of  the  country.  An  example  of  their  plans  tor  the 
supremacy  of  Roman  and  Grecian  studies  may  still  be  seen  in  the  papers  which 
are  every  year  set  to  the  candidates  for  fellowships  at  Trinity  College,  Cambridge. 
Of  nine  papers  appointed  at  this  fellowship  examination,  six  are  classical,  two 
mathematical,  ana  one  comprises  mental  and  moral  philosophy.  It  is  probable 
that  a  revision  of  the  Cambridge  Classical  Tripos  system  will  shortly  take  place  in 
the  University,  and  Mr.  £.  C.  Clark,  late  Fellow  of  Trinity  College,  Cambridge, 
has  suggested  that  both  the  verse  composition  papers  in  Greek  and  Latin  should  oe 
omitted  from  the  subjects  of  examination  for  tne  Classical  Tripos ;  he  proposes  to 
substitute  for  them  a  general  philosophical  paper,  and  a  philological  paper,  includ- 
ing questions  not  only  relative  to  the  languages  of  Greece  ana  Rome,  but  also  to 
the  connexion  between  these  and  other  languages.  Such  an  alteration  would 
enlarge  the  scope  of  the  Classical  Tripos,  and  increase  the  knowledge  of  the  future 
schoolmasters,  who  distinguish  themselves  whilst  at  Cambridge  in  that  important 
examination. 


On  the  Practicability  of  employing  a  Common  Notation  for  Electric 

Telegraphy.    By  J.  G.  Joyce. 

The  author  proposed  a  very  elaborate  scheme  for  the  establishment  of  a  system 

of  international  electric  telegraphy.    He  suggested  that  numbers  should  be  used 

instead  of  words,  the  suggestion  being  derived  from  the  fact  that  signals  between 

ships  of  different  nations  were  made  by  means  of  numbers. 

On  the  State  and  Prospects  of  the  Bate  of  Discount  with  reference  to  the  recent 
Monetary  Crisis.    By  Professor  Leone  Levi. 

On  (he  Influence  of  Science  Classes  in  Mechanic/  Institutions. 
By  E.  Rekals. 
The  paper  first  sketched  the  history  of  these  classes,  and  then  traced  their  influx 
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r-j=?"«t  3.  -2-r  mr^mnac*  t  i  cnnrt-ur»  2  jimuuujci*  to  was,  men  occupied  m 
^^r  -^r-r.':  ■»  hl:  c^=e^t  jc  sal  ma*»  nam*  the  sassanmetnre  of  which 
=*  -z--r-  -szn-rr-iTiL-*  T  ~3*  t. wiflDii  3tE^aocixz3i»£.  TV  rlmws  numbered  sirty- 
r  c  Lr^a.  t  ti>  m.  i  ^t  _r*"roi»**  vmn  &iir*mi  nayttfgi  naif  lis  froa  Qcto- 
r  "a  i  irr=.  ja-ugi-s*  m_L  j.  ^1^  jiLft  xiIx.wtbt  aaa  ^ae  a ■muled  to  thoae  ate* 
ia»L  -arort  ~a*r  ~ssmmuci»ii:  sm*sn»£  31  me  held  by  the  Council  of  the 

▼>!L  *  Tmrrr  jr  <t2=xa~i.  :ae  :*jv*sirT  if  tie  mvmEmmemt  haiing  passed  away,  the 
Bkimfr  t*2»  ^— car--L  7i  *^3itt^JL.  ir  !"•♦>*  rwu  dsnass  were  organized,  one  for 
•an*  <*n_r~  x  a  3na  7ir^3i  u  >zj  >anir  ahiaL  77  tae  amcvcBic  chemistry  class*  mud 
Ihrci  v-ii^r  rimrKtt^*  r-  ^ue  «me  >*t^ft«r  Lx  132*  year  there  was  a  considerable 
aasrsat  n  x  «ciiir-?ns».  lite  mcrmic  .zbsmsoy  dms*  havuar  axtv ^-five,  and  the  pby- 
■ui  tpoL  riae*  .ajL*  2r  1^:4  a  Scraac  ~sten  warn  man.  tkree  science  damns 
menur  naauxzi-L.  ttti"T  ax  TrunamV  diemmszy  rnsw,  with  twenty-five  students; 
a  mTBLurtrvai  !is&  ^ni  ^rrrry-cwrr  *caasin*  :~smi  a  £*ok«kal  dbss,  with  thirtr- 
»■■»■«  ^aatenmv  a  •inryifif  <ternt**rrc  at  ^ae  eaennucrT  dams,  jfr.  Sissling,  who  had 
aaa*~L  -ae  •+i.Mir:Tarfm.  iir  ^nvhrff*  ttvzxd  br  the  Science  mad  Art  Department. 


if  <sn*  sana,  and  jjc  W3]g«si  famiaaisemtkd  the  clagscs  in  geology  and 
Fsusi  tatse  irm»  i  wiH  he  seem  that  ia  the  auman  which  has 
kchielt  in  aetL  dier*  w^r»  xnnitT-&ur  tfaiai  aw  ia  the  Science  Classes  of  the  Xot- 
ttnirfam  ^Cienaa^"*  I^c^.llltl.  '  T!ie  vtsb  mat  utuKided  to  show  by  the  yearly 
Kxnrasw  :aac  rr^ng  zze  >>ci:«t  ia.  waash  these  ilnwu*  hare  heen  organised,  a  large 
anm.'>s>  i£  %slo>i  -hsoeeskly  yruna:  men.  who  are  employed  in  the various  branches 
a£  >cai  ■wanTk"-!^  iat»  betnccs*  naessbeB:  ia  asct,  that  the  institution  has 
soeatrlj  facx-saseii  zt  scaabvB  saee  the  trs»  whea  the  oommittee  adopted  adenee 
riiaw  t"  aa  a  pars  ^  zn*  p&aa  of  iscraftiosi  to  he  foOowed.  Ia  1863,  the  year  in 
wkara  sb»  C  itnciscrr  ~»  wa*  ast  ccasoeacedL  the  ™h— » of  ordmarv  members 


en  wtjl  tile  M^echanasF  Inscmti^c.  na^intr  a  sabseription  of  6t.  per 
aasaa.wa*~*:  ia  If*.^  the  aamher  rose  to  915;  mld64h  was  922;  in  1865  it 
adTme£i»d  to  Kio:  mod  at  th«  Wit?  niaa  of  the  nuauit  Tear  there  were  1106  ordi- 
bbtt  BBemhera.  The  <»xa^as»:waixrred  mt  rroat  these  fiits  were -—1st  That  theee 
rUmwM  draw  the  atteatMsi  of  the  asore  intelhgent  among  the  working  population  to 
the  institution  in  waieh  ther  are  eoadaeted,  and  in  this  war  lead  to  an  increase  of 
aaaabeis.  "^  The  discipline  of  mind  required  to  follow"  the  teacher  through  a 
coarse  of  lectures  creates  a  taste  fir  leading  and  study,  which  it  was  the  aim  of 
those  who  founded  Mechanics'  Institutions  to  derelope'and  gratify ;  and  therefore 
the  formation  of  science  classes  is  the  legitimate  outworking  of  these  institutions, 
in  providing  the  education  as  contemplated  as  desirable  to  place  within  reach  of 
the  wotking-dasses.  3rd.  The  establnhment  of  science  classes  is  calculated  to 
exercise  an  importmnt  influence  on  the  manufacturing  interests  of  the  community, 
by  bringing  to  Dear  on  production  a  higher  degree  of  intelligence  acquired  in  the 
class-rooms  of  mechanics'  institutions,  mad  so  utilising  it  for  the  general  advantage 
of  the  community.  4th.  That  the  systematic  teaching  of  the  sdences  in  mechanics' 
institutions  is  essential  to  the  full  development  and  successful  pursuit  of  many 
branches  of  trade,  and  follows  naturally  in  order  the  establishment  of  Schools  of 
Art  as  a  means  of  improving  the  character  of  manufactures  in  which  design  and 
decoration  form  important  features.  6th.  That  the  organization  and  maintenance 
of  science  classes  are  rendered  necessary  by  the  keener  competition  among  nations 
which  spring  out  of  that  unrestricted  commercial  intercourse  towards  which  all 
countries  are  gradually  approximating.  6th.  That  any  outlay  on  the  part  of  the 
Government  in  the  more  general  and  effectual  diffusion  01  scientific  Knowledge 
among  the  people  through  the  instrumentality  of  these  classes,  will  be  returned  a 
thousandfold  in  the  multiplication  of  resources  through  the  extension  of  trade 
which  invariably  results  from  higher  excellence  in  production.  The  paper  con- 
cluded with  remarks  on  the  practical  application  of  tne  knowledge  acquired  in  the 
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dam-rooms  to  the  various  branches  of  industrial  pursuits  in  which  the  population 
of  this  country  are  engaged.  

On  the  Diminution  of  Accidents  in  Coal  Mines  since  the  Appointment  of 
Government  Inspectors.  By  George  Senior,  FJS.S. 
After  briefly  explaining  the  Acts  of  Parliament  relating  to  the  inspection  and 
management  of  mines,  the  author  showed  that  the  saying  of  life  from  gas  explo- 
sions in  pits  amounted  to  nearly  fifty  per  cent,  and  from  accidents  in  the  shafts 
to  forty-six  per  cent  since  the  appointment  of  inspectors  in  1854.  The  average 
loss  of  life  in  raising  coal  in  1864  was  1  to  every  110,000  tons  raised. 

On  Hindrances  to  the  Success  of  Popular  Education.  By  the  Bey.  C.  Sbwell. 
The  author  said  that  our  imperfect  success  in  education  must  not  be  charged 
upon  the  construction  of  the  system  we  had  adopted,  but  upon  its  administration. 
It  was  almost  impossible  to  plant  an  organization  in  an  inorganic  mass  so  as  to  be 
prolific;  and  for  all  purposes  of  popular  education  England  was  thoroughly  inor- 
ganic Her  education  had  alwayB  been  done  for  her.  What  popular  education  she 
had  had  in  past  generations  had  come  from  charity,  neither  general  nor  systemati- 
cal in  its  operation.  What  little  the  State  had  done  had  been  done  by  the  free 
royal  bounty  of  an  Edward  or  an  Elizabeth.  England  had  never  felt  her  want  of 
education  sufficiently  keenly  to  submit  to  direction  in  the  matter.  One  great 
secret  of  the  success  of  popular  education  abroad  is,  that  the  preparation  of  a 
system  of  instruction  and  the  preparation  of  the  people  to  receive  and  use  it  had 
gone  hand  in  hand.  The  absence  of  such  a  natural  organization  to  work  out  the 
system  of  education  was  a  great  hindrance  to  our  success.  It  was  the  statesman's 
duty  to  supply  such  an  organization,  and  it  was  the  educator's  to  supply  a  system 
and  method  of  instruction.  It  would  be  no  unworthy  occupation  for  a  statesman 
to  win  the  legislature  to  sanction  an  ordinance  which  should  compel  every  part  of 
our  country  to  provide  the  means  of  education  for  the  poor,  as  it  is  already  com- 
pelled to  find  them  food  and  shelter  in  distress.  It  appeared  to  some  not  imprac- 
ticable for  the  religious  bodies  and  the  State  to  work  in  real  harmony  together,  and 
not,  as  it  were,  upon  the  terms  of  an  armed  truce.  After  dwelling  on  the  fact  that 
many  children  were  not  sent  to  school  for  various  reasons,  such  as  the  ignorance 
and  greed  of  the  parents,  he  said  he  doubted  whether  it  would  be  wrong  to  impose 
some  restriction  on  a  parent's  right  to  his  child's  labour,  when  he  had  not  intelli- 
gence enough  to  consult  that  child's  interest  Whether  the  State  regulated  the 
attendance  of  children,  or,  the  next  best  thing,  regulated  their  absence,  it  would  be 
intolerable  that  the  State  should  organize  so  great  a  boon,  and  her  subjects  be  left 
at  liberty  to  neglect  or  ignore  it 

Statistics  of  the  Charitable,  Educational,  Industrial,  and  Public  Institutions 
founded  by  the  Native  Gentry  of  India  during  the  last  five  years.  By 
Colonel  Bros,  M.P.,  F.RJ3. 
'  The  author  commenced  by  giving  an  account  of  the  contributions  during  the 
years  1862  and  1868,  which  had  been  given  by  fire-worshippers,  Hindoo  idol-wor- 
shippers, Jews,  Jains,  and  other  natives  for  educational,  hospital,  and  other  purposes. 
He  gave  numerous  instances  of  the  spontaneous  and  princely  munificence  oy  which 
many  of  the  native  gentlemen  had  distinguished  themselves.  For  example,  David 
Sassoon,  a  Jew,  gave  £6000  for  the  erection  of  an  hospital  at  Poona  for  all  creeds 
and  opinions,  and  supplemented  that  sum  immediately  W  a  further  sum  of  £10,000 
for  its  endowments;  Nerwanjee  Framjee  gave  £16,000  tor  establishing  a  fund  for 
the  relief  of  indigent  Parsees  of  his  own  community ;  David  Sassoon,  a  Jew,  gave 
£4000  for  the  erection  of  a  synagogue  for  his  own  community ;  Kursondass  Maha- 
dowdess,  of  Goojrat,  contributed  voluntarily  the  sum  of  1000  dollars  for  the  relief 
of  families  who  nad  suffered  by  the  war ;  Cowajee  Jehsangeer,  a  Parsee,  came  for- 
ward with  £5000,  which  he  offered  to  increase  to  £10,000,  if  necessary,  for  the 
establishment  of  a  strangers'  home  in  Bombay.    The  author  then  proceeded  to  give 
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details  as  to  the  amount  of  these  contributions  for  charitable  and  philanthropic 
purposes,  given  by  certain  influential  native  gentlemen  in  India,  showing  that  in 
many  cases  the  contributions  of  one  individual  during  a  single  year  amounted  to 
upwards  of  £5000,  and  that  all  these  contributions  were  voluntarily  given  without 
regard  to  any  sectarian  feeling  or  prejudice  of  any  kind  whatever.  Amongst  the 
subscriptions  he  mentioned  was  one  for  the  presentation  to  the  Prince  and  Prin- 
cess or  Wales  of  some  of  the  choicest  products  in  India.  The  object  of  supply- 
ing the  particulars  contained  in  this  paper  was,  he  remarked,  to  prove  the 
character  of  the  minds  of  the  people  of  India,  who  are  British  subjects.  He  con- 
cluded with  a  few  remarks  on  female  education  in  India,  remarking  that  from  the 
feelings  which  were  now  developing  themselves  among  the  people  of  India,  at 
least  among  the  educated  classes,  there  was  reason  to  believe  that  a  change  would 
vet  take  place  in  that  country  by  which  the  native  women  of  India  would  be 
unproved  m  their  social  position,  and  there  would  be  a  softening  of  men's  man- 
ners, minds,  and  habits  to  an  extent  that  was  much  required  in  India.  This 
change  had  already  to  some  extent  taken  place,  for  he  could  give  instances  of 
elevation  of  sentiment,  of  high  honour,  of  delicacy  of  feeling,  and  of  personal  sacri- 
fices on  the  part  of  the  people  of  India,  which  were  not  only  creditable  to  them, 
but  would  have  been  so  to  the  most  enlightened  among  ourselves. 

Colonel  Sykes  said,  that  when  the  donations  which  he  had  mentioned  were  made 
to  any  educational  institution  in  India,  they  were  made  without  any  condition 
stipulated  as  to  the  teaching  or  government  of  the  schools.  The  public  schools  of 
Inaia  were  all  secular,  and  the  missionary  schools,  which  were  established  by  dif- 
ferent religious  denominations,  were  regarded  as  being  simply  private  institutions. 

On  Modes  of  Banking  in  America,  Manchooria,  and  China. 
By  Colonel  Sykes,  M.R,  F.R.S. 

The  author  gives  an  account  of  the  devices  of  Mr.  W.  "W.  Brown,  an  emanci- 
pated slave  in  America,  to  set  up  a  bank,  after  a  visit  to  Europe.  Cheated  out  of 
nis  first  wages  in  the  autumn  of  1835.  he  visits  a  barber  in  Monroe,  Michigan,  and 
asked  employment  as  a  journeyman  barber.  Failing,  he  set  up  in  opposition,  and 
engaged  a  room  opposite,  and  placed  a  sign  over  the  door,  "Fashionable  Hair- 
dresser from  New  York,  Emperor  of  the  West."  Not  succeeding,  he  was-advised  by 
a  friend  to  set  up  a  bank,  after  the  manner  of  the  "  Wild  Cat  Banks,"  the  notes 
of  which  were  called  "  Shinplasters,"  his  capital  being  to  the  value  of  20  dollars. 
But  he  soon  experienced  the  difficulties  of  "  a  run "  upon  his  bank  from  the 
jealousy  of  the  opposite  barber,  and  a  ludicrous  account  is  given  how  the  redemp- 
tion and  recashing  of  "  Shinplasters"  was  effected. 

With  respect  to  banks  in  Manchooria  in  Tartary,  the  information  is  obtained 
from  Mr.  Consul  Meadow's  Report  to  the  Foreign  Office.  He  gives  a  description 
of  Manchooria  bank  notes.  There  is  not  any  regulation  of  paper  currency.  One 
hundred  and  twenty-three  houses  in  Manchooria  issue  notes  at  pleasure,  expressed 
in  "  teaous" — a  teaou  being  equal  to  about  9%d.,  or  about  50  equal  £2.  The 
smallest  note  issued  in  Manchooria  is  equal  to  2  teaous,  or  19a. ;  the  largest, 
60  teaous,  or  £2.  The  rate  of  exchange  between  notes  and  silver  bullion  alter 
daily  in  each  city.  The  bankers  meet  every  morning  at  daybreak  to  settle  the 
exchange.  The  rate  during  the  last  five  years,  dated  from  1861,  averaged  about  5 
teaous  for  1  tael,  or  6s. 

The  banking  system  in  China  is  described  in  Joshua  Doolittle's  ( Social  Life  of 
the  Chinese.'  The  following  are  heads  of  Doolittle's  information : — Banking  is  not 
controlled  by  Government.  Bank  bills  are  issued  on  behalf  of  the  Imperial 
Government  at  Fouchau.  Iron  coin  at  par  with  copper.  Value  of  dollar  in  1868. 
Iron  cash  and  Government  bills  withdrawn.  Banters  numerous  and  wealthy. 
Denominations  and  values  of  bills.  Little  risk  from  counterfeit  notes.  Descrip- 
tion of  bills.  Security  against  counterfeit.  The  demand  of  customary  usage  upon 
new  banker8,  bills,  paid  in  gold  or  silver,  &c,  according  to  current  rate  of  exchange. 
If  bills  not  redeemed,  the  value  of  same  can  be  seized.  Panic  in  1865.  When  an 
honourable  banker  is  uncertain  of  his  position,  he  posts  these  words  on  his  premises, 
"  hereafter  pay,"  which  applies  to  present  bills  j  and  he  does  not  propose  to  issue 
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more  bilk  of  his  own.  "  Hereafter  pajr "  is  published  when  a  run  is  suspected 
Arrangements  with  mandarins  at  "  running."  Their  effect  Considerations  anent 
gutting  of  respectable  bankers*  Two  Chinese  beheaded  for  "gutting"  a  bank. 
Effect  upon  the  population.  Chinese  speculators  in  silver.  Their  course  of 
procedure  and  influence  in  regard  to  speculations.    Description  of  coin. 

Value  of  dollar  at  different  dates.  Fluctuations  of  silver  in  Fouchaw.  Paper 
money  first  invented  by  Chinese.  First  used  by  the  Government  in  9th  century, 
continued,  with  intervals,  till  15th  century.  Promissory  notes.  Gives  an  account 
of  money-lending  clubs  without  interest.  Mode  of  procedure  of  head  or  principal, 
t.  e.  the  party  who  wants  the  money.  The  shaking  club.  Illustration  of  same. 
The  SnaKe-casting-its-skin  Club.  Why  so  called.  Mode  of  procedure.  The 
Dragon-headed  Club.  Why  so  called.  Illustration  of  procedure.  Such  are  the 
titles,  and  the  details  in  Doolittle's  book  are  most  complete. 

Colonel  Svkes  concludes  by  recommending  the  facts  stated  to  the  careful  con- 
sideration of  the  advocates  of  "free  banking. 

On  the  Violation  of  the  Principles  of  Economic  Science  caused  by  the  Law  of 
Distraint  for  Bent.    By  Chaeles  Tebbutt. 

The  author  contended  that  the  law  of  distraint  for  rent  was  a  violation  of  the 
principles  of  Economic  Science,  especially  as  regarded  land,  the  owner  of  which 
often  had  a  security  not  possessed  m  houses,  in  the  investment  of  capital,  which 
was  irremoveable.  The  law  secured  rent  to  the  landlord,  even  if  he  had  so  neg- 
lected his  duty  as  to  choose  for  his  tenant  a  man  utterly  without  skill,  character,  or 
capital.  The  violation  of  its  equity  was  equalled  by  its  impolicy,  as  it  affected  the 
occupation  and  cultivation  of  the  soiL  Ownership  was  a  great  "inducement  to  the 
development  of  the  cultivation  of  the  soil ;  but  in  England  little  land  was  owned 
by  its  cultivator.  It  was  needful  that  in  an  arrangement  between  landlord  and 
tenant  nothing  should  interrupt  the  play  of  motive  and  interest.  Yet  at  this  point 
in  stepped  the  law  of  distraint,  giving  absolute  security  to  the  landlord,  and  remov- 
ing from  his  mind  that  pressure  of  motive  and  interest  which  rendered  it  needful 
for  him  to  have  the  best  tenant  he  could  obtain,  and  to  make  him  every  reasonable 
concession  to  obtain  this  end.  The  whole  equity  of  the  transaction  was  lost ;  little 
weight  was  given  to  the  skill  and  capital  of  the  tenant ;  and  the  landlord  was 
enabled  without  danger  of  the  loss  of  rent  to  bring  in  any  man  of  straw  to  compete 
with  the  tenant  of  capital  and  skill.  A  lower  standard  of  cultivation  prevailed 
generally  than  would  be  the  case  if  the  disturbing  law  were  entirely  abolished. 

On  the  Statistics  of  the  General  Hospital,  near  Nottingham. 
By  Joseph  White,  F.B.C.S.E.,  4'c. 

This  paper  was  supplementary  to  one  on  the  Medical  Topography  of  Notting- 
ham, read  before  the  British  Medical  Association,  and  referred  to  the  returns  of  the 
Institution  during  10  years,  tabulated  as  follows : — 

I.  Annual  admissions,  distinguishing  sex  of  patients,  and  arranged  according  to 
the  diseases  or  injuries  for  which  they  were  admitted  into  the  hospital. 

II.  Ages  of  patients,  without  distinction  of  sex,  according  to  the  same  arrange- 
ment. 

III.  Duration  of  illness  previous  to  admission  into  hospital. 

IV.  Time  of  stay  in  hospital. 

V.  Result  of  treatment. 

VI.  Occupations  of  patients. 

VII.  Period  of  the  year  in  which  they  were  admitted. 

VIII.  Locality  from  which  they  were  received,  as  town,  suburbs,  county  of  Not- 
tingham, or  other  counties. 

There  were  admitted  into  the  hospital  during  this  period  6036  males  and  4880 
females,  being  100  males  to  71*3  females,  a  proportion  which  had  been  found  to 
hold  very  nearly  during  each  of  the  ten  vears,  and  which  agreed,  within  a  very 
small  number,  with  similar  returns  from  fifteen  other  provincial  hospitals ;  whilst 
in  ten  of  the  London  hospitals  the  proportion  of  males  to  females  was  found  to  be 
1491  to  1143,  or  100  to  757. 
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After  analyzing  the  above  Tables,  winch 
tistics  of  the  hospital,  another  Table  was  added,  which 
the  subject  of  hospital  economics  and  management.    This  Table 
period  of  thirty-five  years,  from  1831  to  the  present  time,  and  showed,  in  the  fast 
place,  the  number  annually  admitted  into  the  hospital,  and  of  those  ■'*— ,,1,ul  to  aa 


out-patients.  Both  these  bore  a  proportion  to  the  rapidly  menacing  jtopalatiosi  of 
the  town,  and  the  latter  was  also  somewhat  affected  by  the  state  at bade,  which 
in  times  of  activity  caused  a  number  of  accidents  of  a  com 
to  swell  the  number  of  out-patients.  It  was  noticed  as  a  i 
a  population  whose  occupation  brings  them  constantly  into  e 

and  complicated  machinery,  the  vast  majority  of  injuries  recert rf  . 

in  the  lace  and  hosiery  manufactures  were  of  so  slight  a  kind  as  to  i 

sion  into  the  hospital  unnecessary.  _  The  number  of  mote  serious  ao 

ring  amongst  the  large  manufacturing  population  of  the  town  and  suburbs  waa  fin? 

outweighed  by  those  from  the  colliery  and  agricultural  districts  of  the  county. 

The  3rd  column  (the  average  number  of  patients  in  the  house)  of  coarse  varied 
nearly  in  a  direct  ratio  with  the  numbers  admitted,  but  not  absolutely  ao,  as  it  waa 
influenced  by  the  number  of  days  during  which  each  remained  in  the  hospital,  the 
average  of  which  was  shown  in  the  4th  column.  The  latter  return  had  always 
been  considered  a  most  important  point  in  the  economy  of  the  hospital.  Various 
causes  tended  to  prolong  the  stay  or  some  of  the  patients  beyond  the  time  which 
might  be  considered  absolutely  desirable ;  and  for  this  reason  it  had  been  the 
practice  in  the  Nottingham  Hospital  to  have,  on  the  first  Tuesday  in  each  alternate 
month,  a  general  inspection  by  the  whole  of  the  medical  staff  of  such  patients  as 
might  have  been  in  the  house  upwards  of  eight  weeks.  Those  patients  whose 
cases  required  further  treatment  in  nospital  were  then  recommended  to  be  retained, 
whilst  tnose  who  would  be  equally  benefitted  as  out-patients,  or  those  who  were 
not  likely  to  be  further  relieved  by  remaining  in  the  wards,  were  recommended  to 
be  removed  as  soon  as  possible.  By  the  careful  carrying  out  of  this  arrangement  a 
great  saving  to  the  hospital  was  effected,  and  room  was  thus  made  for  the  ad- 
mission of  those  urgent  cases  which  were  generally  waiting  for  beds.  By  these 
and  other  means  the  average  number  of  days  during  which  the  patients  have 
remained  in  the  hospital  had  fallen  in  thirty  years  from  60  to  36-7. 

The  6th  column  showed  the  total  cost  of  the  Matron's  department  (*.  e.  pro- 
visions, coals,  gas,  water,  &c.)  in  each  year,  and  as  this  was  of  course  influenced  by 
the  varying  price  of  provisions,  the  contract  price  of  meat  and  bread,  a  fair  index 
of  that  of  other  articles  of  consumption  was  given  in  the  two  following  columns, 
6  and  7. 

The  8th  column  gave  the  annual  cost  of  wines,  spirits,  and  porter;  and  the  9th 
that  of  medicines,  instruments,  and  appliances. 

There  was  one  item  under  the  latter  head  which  had  in  a  few  years  undergone 
so  remarkable  a  change  that  it  was  thought  deserving  of  a  separate  column.  This 
was  the  cost  of  leeches,  which  in  1836,  with  an  admission  nst  of  760  in-patiente 
and  1660  out-patients,  amounted  to  the  sum  of  £90 ;  whilst  ten  years  later,  in 
1846,  with  1214  in-patients  and  8069  out-patients,  the  same  item  of  expenditure 
had  fallen  to  £63  10«.  Qd.    Since  that  time,  with  a  rapidly-increasing  number  of 

fatients,  there  had  been  a  rapidly  decreasing  cost  of  leeches,  so  that  in  1867,  with 
379  admissions  into  the  hospital,  and  an  out-patient  list  of  7620,  the  cost  was 
only  12*.  10rf.,  and  in  the  following  year,  with  1361  in-patients  and  7724  out- 
patients, the  cost  was  still  only  13*.  la.  Since  that  time  the  sum  paid  for  leeches 
had  been  so  small  that  its  notice  as  a  separate  item  of  expenditure  had  been  dis- 
continued. 

The  11th  column  gave  the  average  cost  of  each  in-patient  in  each  of  the  thirty- 
five  years,  which  varied  from  £4  lis.  in  1836  to  £2  8s.  2^.  in  1846:  but  as  the 
comparison  of  those  years  was  rendered  difficult  by  the  varying  time  during  which 
each  patient  remained  in  hospital,  the  12th  column  had  been  added  to  show  the 
cost  per  day  of  each  patient  during  that  period.  It  thus  appeared  that  the  highest 
cost  was  2*.  2±d.  per  day  in  1834,  the  lowest  Is.  3}d.  in  1848  and  1860. 
jol 


The  last  column  gave  the  average  cost  of  each  out-patient,  which  had  varied 
from  6s.  10*  in  1836  to  Is.  3d.  in  1869,  a  difference  which  had,  it  was  believed, 
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been  in  a  great  measure  owing  to  the  rapidly  increased  number  of  minor  accidents 
occurring  amongst  the  manu&cturing  population,  and  which,  whilst  they  added 
little  to  the  cost,  tended  greatly  to  swell  the  number  of  the  out-patient  list,  and 
considerably  reduced  the  average  cost  of  each. 

There  was  one  result  indicated  in  this  Table,  which  tended  to  illustrate  the 
important  bearing  of  careful  statistical  returns  upon  the  economical  working  of  a 
large  institution.  In  1837  it  had  been  observed  that  for  several  years  the  hospital 
expenditure  had  been  gradually  increasing  in  a  ratio  greater  than  the  increase  in 
the  number  of  admissions  would  account  for.  The  cost  of  provisions  had  risen  in 
three  years  from  £1386  12*.  lid  to  £1954  5s.  104<£,  although  the  price  of  meat 
had  fallen  from  7*.  to  6s.  4a\  ner  stone,  and  the  price  of  bread  from  2s.  6d.  to  Is.  lOtf. 
The  cost  of  wine,  spirits,  and:  porter  had  risen  m  the  same  period  from  £48  19*.  to 
£120  17*.  6d  The  cost  of  medicines,  from  £433  2s.  Id.,  to  £764  2s.  l\d.  The 
average  cost  of  each  in-patient,  from  £3  139.  2d,  to  £4  12s.  OJd,  and  the  average 
cost  of  each  out-patient,  from  3*.  9rf.  to  6*.  lOrf. 

A  subcommittee  was  appointed  to  investigate  the  cause  of  this  increased  expen- 
diture, and  for  many  months  this  committee  was  employed  in  instituting  a  rigorous 
investigation  into  the  whole  domestic  management,  ana  into  every  portion  of  the 
expenditure  of  the1  hospital,  and  in  carrying  out  a  laborious  series  of  experiments  for 
the  purpose  of  ascertaining,  as  nearly  as  possible,  the  precise  quantity  of  each 
article  of  provision  required  for  a  given  number  of  patients,  officers,  ana  servants. 
A.  plan,  based  upon  these  investigations  and  experiments,  was  adopted,  for  making 
a  careful  periodical  examination  of  every  article  of  consumption,  so  as  to  ensure 
that,  whilst  there  should  be  a  liberal  allowance  of  every  necessary  wherever  re-* 
quired,  there  should  be  no  waste  or  extravagance ;  and  the  plan  then  adopted  has 
been  since  that  period  assiduously  carried  out 

The  beneficial  result  was  soon  apparent  In  one  year,  with  about  the  same 
niimber  of  patients,  the  cost  of  provisions  had  fallen  from  £1954  6s.  10£<£  to 
01669  10s.  Ojd. ;  of  wine  and  spirits,  from  £120  17s.  6rf.  to  £84  4s. ;  of  medi- 
cines, from  £764  2s.  Hd.  to  £448  4s.  6j<£ ;  the  average  cost  of  each  in-patient, 
from  £4  12*.  0J<*.  to  £4  2s.,  and  of  each  out-patient,  from  6s.  10d.  to  3s.  6tf.  And 
now  for  nearly  thirty  years  the  effect  of  the  labours  of  that,  and  subsequent  com- 
mittees, had  been  apparent  in  the  continued  diminution  of  expenditure,  and  the 
continued  reduction  or  average  cost  of  patients,  which  the  several  divisions  of  the 
Table  tended  to  show,  ___ __ 

On  the  Intoxicating  Liquors  consumed  by  the  People  of  the  United  Kingdom  in 
1866.  By  —  Wilkdtson. 
Of  gin  and  whisky,  20,811,155  gallons  were  consumed,  and  of  rum  and  brandy 
6.732,217  gallons.  The  wines  charged  with  duty  were  11,993,760  gallons,  whilst 
the  malt  returned  for  brewing  was  47,249,093  bushels,  which  gave  an  average  of 
24£  gallons  per  head  in  the  year  from  the  youngest  to  the  oldest  The  total  value 
of  this  was  £88,619,876.  This  sum  exceeded  by  nearly  23  millions  the  gross  ex- 
penditure of  the  United  Kingdom  in  1865. 

On  a  National  Bank  and  Payment  of  the  National  Debt.    By  F.  J.  Wnaoff. 


On  the  Occupation  and  Ownership  of  Waste  Lands.  By  F.  J.  Wilsok. 
-  The  colonies  having  large  tracts  of  land  which  they  bring  into  cultivation,  the 
question  arose  on  what  terms  they  should  be  transferred  to  the  public  According 
to  the  laws  of  England  and  her  colonies,  the  country  belonged  to  a  few,  and  the 
rest  lived  on  sufferance.  We  had  no  right  to  bind  posterity  beyond  the  limits  of 
necessity.  All  land  belonged  to  the  community,  the  Government  of  which  had  no 
power  to  sell,  but  simply  to  let  it  for  the  benefit  of  the  community  and  the  occu- 
piers who  were  anxious  to  cultivate  it  Therefore,  all  lands  should  be  let  at  an 
annual  rental  of  £10  per  cent,  or  the  produce  of  the  farm  with  a  permanent  right 
of  possession,  so  long  as  the  land  mipht  not  be  required  by  the  community  for 
more  important  purposes,  when  the  full  value  should  be  paid  to  the  occupier  for  all 
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the  improvements  he  might  have  effected  in  the  property.  No  person  shall  have 
power  to  hold  another  person  as  tenant,  provided  such  person  is  willing  to  nay  on 
the  land  he  may  farm  for  such  improvements  as  have  already  been  expended,  thus 
becoming  the  proprietor.  The  result  of  such  a  system  would  be,  that  no  occupier 
of  land  would  sublet  it  to  a  tenant,  but  farm  it  himself.  Should  he  have  more  than 
he  could  farm,  he  would  surrender  it  for  sale,  and  therefore  the  farms  would  be 
large  and  productive,  and  the  inhabitants  of  villages  and  towns  claiming  through 
the  corporation  such  lands  as  they  may  require  for  building  purposes,  paying  of 
course  to  the  occupier  the  full  value  of  his  improvements,  would  not,  as  in  England, 
be  crammed  into  narrow  streets  (for  example,  this  very  town  of  Nottingham)  and 
miserable  cottages,  but  would  have  creditable  homesteads,  which  they  had  been 
enabled  to  purchase  at  a  reasonable  price,  still  paying  the  increased  ground-rent  to 
the  State  on  the  increased  value  of  the  soil. 


On  Classification  of  the  various  Occupations  of  the  People.    By  F.J.  Wrxaov. 

On  the  Disproportion  between  the  Male  and  Female  Population  of  some  Manu- 
facturing and  other  Towns.  By  the  Rev.  A.  W.  Wowthixqtov,  BJLy  of 
Mansfield. 

.  The  population  of  England  appears  by  the  Census  of  1861  to  be  divided  in  the 
proportion  of  106  women  to  100  men,  although  105  males  are  born  to  every  100 
females.  But  this  proportion  is  not  equally  distributed  through  the  country.  The 
nature  of  employment  differs  in  different  towns  and  districts;  and  as  men  or 
women  find  most  ready  employment,  one  or  the  other  predominate  in  number. 
Thus  in  the  mining-districts  of  Newcastle-on-Tyne,  Dudley,  Wolverhampton,  and 
Wakefield  j  in  the  steel-manufacturing  town  of  Sheffield ;  m  Stafford,  where  shoes 
are  made;  m  Stone  and  Stoke,  where  pottery  is  the  staple  manufacture;  in  Burton, 
where  brewing  is  carried  on ;  in  the  barrack  towns  of  Canterbury,  Winchester, 
and  Colchester,  and  to  a  smaller  extent  in  the  agricultural  districts,  such  as  Bake- 
well,  and  the  country  parts  of  Nottinghamshire,  there  is  a  predominance  of  men ; 
while  in  the  manufacturing  towns,  such  as  Manchester,  Preston  and  Carlisle, 
Bradford  and  Leeds,  Worcester,  and  more  notably  in  Norwich,  there  is  an  excess 
of  women.  In  Nottingham  and  Radford  together  there  were  in  1861  48,424  men 
and  57,820  women,  an  extraordinary  excess  of  nearly  10,000  women.  This  excess 
is  most  marked  between  the  ages  of  15  and  60.  This  is  also  the  case  in  seaport 
towns.  e.  g.  Plymouth,  Yarmouth,  King's  Lynn,  Hull,  and  Bristol,  while  in  Liver- 
pool tnere  are  far  more  women  than  men  between  the  ages  of  15  and  45.  More 
women  than  men  live  in  watering-places,  e.  a.  Bath,  Brighton,  and  Cheltenham. 

This  attraction  of  female  labour  to  manufacturing  towns  is  not  likely  to  dimi- 
nish, but  will  rather  increase,  owing  to  the  comparative  cheapness  of  female  labour. 
Its  advantage  is  in  the  addition  to  die  family  income,  and  the  independence  it  gives 
to  women.  But  it  seems  to  be  attended  with  considerable  evils.  Where  married 
women  are  employed  from  home,  or  even  have  work  at  home,  there  is  a  very  large 
increase  in  the  rate  of  juvenile  mortality  This  may  be  partly  accounted  for,  it  is 
true,  by  the  want  of  sanitary  arrangements  in  large  towns ;  and  in  the  mining 
towns,  e.g.  Dudley,  where  the  rate  is  very  high,  it  may  be  owing  to  ignorance  and 
neglect ;  but  there  can  be  no  doubt  that  it  is  very  frequently  owing  to  the  inability 
of  labouring  women  to  give  due  attention  to  their  children.  Where  unmarried 
women  work:  away  from  home,  and  sometimes  leaving  home  to  labour  in  distant 
towns  are  compelled  to  live  in  lodgings,  illegitimacy  increases,  probably  attended 
with  infanticide,  even  also  with  the  occasional  procuring  of  aoortion.  Thus  the 
rate  of  illegitimacy  is  generally  high  where  there  is  an  excess  of  women.  It  is 
marked  in  manufacturing  towns,  and  in  Nottingham  reached  the  high  rate,  in  1864 
(according  to  the  last  return  of  the  Registrar-General),  of  lOper  cent  on  the  whole 
number  of  births:  while  in  Birmingham,  where  there  is  an  average  proportion  of 
men  and  women,  it  is  as  low  as  5  per  cent,  which  is  below  the  general  average  of 
the  county.  Again,  early  marriages  are  thus  generally  promoted  in  manufac- 
turing towns,  though  this  does  not  seem  to  be  the  case  in  Nottingham,  where  the 
number  of  women  who  marry  under  age  is  below  the  general  average  of  the 
country. 
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Such  results  are  not  necessary :  witness  the  case  of  the  Lowell  Mills  in  America, 
and  of  Bradford  in  Yorkshire,  where  the  number  of  illegitimate  births  scarcely  ex- 
ceed the  average.  The  means  of  amendment  are  to  be  found  in  the  promotion  of 
family  life,  especially  by  leaving  the  wife  and  mother  to  attend  to  ner  domestic 
duties,  which  will  promote  family  happiness,  increase  juvenile  health,  and  decrease 
juvenile  mortality.  For  this  purpose  also  the  improvement  of  education  is  much 
needed.    Both  these  means  would  also  tend  to  decrease  illegitimacy. 

The  legislature  might  continue  to  direct  the  labour  and  education  of  minors  in 
additional  fields  of  employment.  Employers  of  labour  might  add  to  these  bene- 
ficial results  by  not  engaging  married  women,  and  by  judicious  arrangements  for 
the  benefit  of  their  unmarried  female  hands. 

The  paper  was  illustrated  by  detailed  statistical  Tables. 


MECHANICAL  SCIENCE. 

Address  by  the  President,  Thomas  Hawksley,  V.P.  Inst.  C.R,  F.Q.S. 

Thk  subject  matter  of  the  department  of  the  British  Association  over  which  I 
have  on  this  occasion  been  called  to  preside  is  that  of  Mechanics ;  and  although, 
properly  speaking,  this  department  embraces  within  its  confines  the  whole  of  the 
vast  range  of  mechanical  philosophy,  extending  from  the  infinitely  great  of  the 
universe,  down  to  the  infinitely  small  of  the  ultimate  atom,  yet,  as  I  apprehend, 
it  is  our  more  immediate  purpose  to  limit  our  inquiries  for  the  most  part,  if  not 
altogether,  to  those  branches  of  Statics  and  Dynamics  which  are  or  may  be 
employed  for  the  realisation  of  so-called  "practical  ends,"  I  now  offer  for  conside- 
ration a  few  thoughts  with  regard  to  the  unhappy  necessity  which  the  events  of 
the  last  few  years  have  only  too  sadly  established,  for  devoting  muoh  of  the  science 
and  skill  of  the  members  of  the  Association  to  the  defence  of  the  homes  of  the  people 
of  this  great  nation.  Whatever  may  have  been  the  advancement  which  civilized 
people  have  made  in  the  arts  of  peace,  it  is  only  too  evident  that  those  people 
nave  even  outstripped  themselves  m  advancing  the  arts  of  destruction.  We  have 
seen  in  the  great  internal  contention  of  our  American  brethren,  and  still  later  in 
the  struggle  in  which  several  of  the  most  important  states  of  Europe  have  engaged, 
that  war  is  no  longer  carried  on  by  means  of  mere  animal  courage  and  brute 
force.  On  the  contrary,  we  perceive,  much  to  our  amazement,  I  believe,  that  the 
highest  branches  of  mechanical  science  and  the  most  refined  processes  and  opera- 
tions of  the  mechanical  arts  are  resorted  to  by  the  modern  warrior  for  the  purposes 
of  offence  and  defence ;  and  we  are  taught  by  the  logic  of  facts  that  the  modern 
soldier  must  cease  to  remain  a  passive  machine,  but,  on  the  contrary,  must  hence- 
forth be  trained  as  a  skilled  labourer,  if  not,  indeed,  even  as  a  skilled  artisan.  At  the 
present  moment  the  defences  of  this  country  are  in  a  most  unsatisfactory  condition. 
Many  endeavours  have  been  made,  and  much  money,  reckoned  by  millions,  has 
been  expended,  for  the  most  part  uselessly,  in  endeavours  to  secure  our  coasts 
against  the  attacks  of  a  foreign  enemy.  Forts  have  been  erected  where  an  adver- 
sary would  never  seek  to  land.  Ships  of  an  enormous  size,  and  carrying  enormous 
armaments,  have  been  constructed,  which  can  neither  sail  on  shallow  waters,  nor 
safely  encounter  a  hurricane  in  deeper  ones,  which,  with  vast  mechanical  power 
on  board,  can  yet  not  carry  a  sufficient  quantity  of  coal  to  enable  them  to  find 
their  way  to,  and  act  as  protectors  of,  our  colonies,  and  which,  for  the  same  reason, 
are  wholly  unable  to  convey  our  merchantmen  to  those  distant  climes,  without  a 
safe  communication  with  which  the  trade  and  commerce  of  England  must  be  anni- 
hilated. Arsenals  have  been  enlarged,  if  not  constructed,  in  situations  in  which 
they  can  only  be  secured  from  an  enemy's  fire  by  fortifications  which  it  will 
require  an  additional  army  to  man.  Guns,  each  one  larger  or  more  elaborate 
than  the  last,  have  been  invented  and  constructed  and  tried,  and  floating  castles, 
each  one  heavier  and  uglier  and  more  unmanageable  and  more  useless,  except  for 
special  applications,  than  the  former  one,  have  Deen  built  and  cast  upon  the  waters 
to  resist  them,  and  yet  nearly  all  naval  and  military  officers  acknowledge  that  this 
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great  country  is  not  in  a  position  to  defend  either  herself  or  her  colonies  against 
a  combined  attack  from  more  than  one  of  those  foreign  friends  we  have  heretofore 
recognized  under  a  different  appellation.  It  is  a  function  of  this  department  of 
our  Association  to  study  and  discuss  the  forms  of  ships  suitable  for  the  purposes 
of  commerce  and  war,  to  ascertain  the  conditions  under  which  they  will  attain 
the  highest  velocities,  or  carry  the  heaviest  burdens,  to  know  and  define  the  laws 
of  resistance  to  motion  in  water  (a  subject  to  which  I  have  devoted  a  not  alto- 
gether useless  attention),  and  to  apply  the  motive  force  necessary  to  overcome 
that  resistance  in  the  most  economical,  most  convenient,  and  most  serviceable 
manner;  and  it  is  also  a  function  of  this  department  to  deal  with  the  theory  and 
practice  of  projectiles,  and  to  contrive  the  means  by  which  these  warlike  instru- 
ments, both  large  and  small,  may  be  most  advantageously  employed  by  our  military 
and  naval  forces.  But  whilst,  as  good  Englishmen,  we  feel  the  necessity  of  being 
prepared  for  war  in  order  to  secure  a  lasting  and  respected  peace,  we  must  not 
neglect  the  consideration  of  so  much  more  of  our  science  as  contributes  to  the 
material  wealth  and  prosperity  of  our  country,  and  to  the  social  comfort  and 
intellectual  improvement  of  its  inhabitants,  ana,  I  may  add,  of  the  whole  world. 
Before  sitting  down,  permit  me  to  request  your  attention  to  the  many  points  of 
interest  peculiar  to  this  town  and  its  neighbourhood.  You  will  find  here,  in  the 
lace-machine,  combinations  and  arrangements  of  mechanism  of  the  most  compli- 
cated yet  of  the  most  exact  kind,  all  tending  to  the  cheap  and  rapid  fabrication 
of  an  article  of  commerce,  which  has  made  its  way  over  the  entire  world,  and 
without  the  possession  of  which  no  home,  and  I  had  almost  said  no  lady's  dress, 
can  be  considered  complete.  The  present  state  and  extent  of  this  really  wonderful 
manufacture  is  an  instance,  and  a  remarkable  one,  of  the  effect  of  that  law  of  con- 
tinuity which  last  evening  formed  the  staple  of  our  President's  address.  It  has 
only  been  by  little  and  little,  but  by  slow  and  continuous  progression,  that  the  lace 
mechanism  of  Nottingham  has  become  developed  into  that  condition  of  almost 
perfection  to  which  it  has  now  attained.  The  excursionists  will  find  in  the 
geology  of  this  district  much  to  invite  their  attention.  Within  a  very  few  miles 
many  of  the  most  interesting  formations  of  the  earth's  crust  come  to  the  surface, 
from  the  syenite  at  the  base  of  the  system  to  the  more  recent  deposits  of  lias  ana 
oolite.  Coal  and  ironstone  are  very  abundant ;  and  although  it  is  to  be  regretted 
that  the  town  of  Nottingham  has  not  yet  availed  itself  of  the  vast  amount  of 
mineral  wealth  within  its  reach,  yet,  in  the  large  undertakings  of  Butterly,  Rid- 
dings,  and  other  places,  as  well  as  the  great  extent  to  which  the  Midland  Coal* 
field  is  being  wrought  for  the  supply  of  distant  countries,  you  will  see  evidences 
of  the  growth  of  a  focal  industry,  which,  as  I  believe,  is  yet  in  its  infancy. 

On  the  Application  of  (he  Expansive  Power  of  moistened  Vegetable  Matter  to 
the  raising  of  Weights.    By  Admiral  Sir  E.  Bslchxb. 


On  a  System  of  Pneumatic  Propulsion. 
By  M.  Bbbgbbok,  Manager  of  the  Swiss  Western  BaUways. 

The  author  proposes  to  propel  the  carriages  through  a  tube  by  means  of 
a  column  of  air,  and  not  to  use  exhaustion.  This  column  of  air  he  derives  from 
the  gradual  sinking  of  a  large  bell,  or  succession  of  bells,  after  the  manner  of  a  gas- 
holder. The  raising  of  the  bells  will  be  effected  by  means  of  the  direct  action 
of  hydraulic  power  from  an  elevated  head,  where  such  is  available,  and  in  any 
case  the  power,  whether  water  or  steam,  used  for  raising  the  bell  is  only  auxiliary, 
as  the  ascending  carriages  will  drive  the  air  before  them,  and  thus  raise  the  bell  a 
certain  portion  of  the  necessary  elevation,  M.  Bergeron  is  about  to  construct  a 
short  line  on  this  system  at  Lausanne,  for  connecting  that  town  with  the  terminus 
of  the  present  railway  there.  The  tube  is  to  be  constructed  of  concrete,  the 
materials  for  which  can  be  obtained  at  a  low  cost 


On  the  Action  and  Effect  of  Flame  in  Marine  Bailers.    By  N.  P.  Buboh. 
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On  an  Hydraulic  Coal-cutting  Machine.  By  W.  E.  Caebbr. 
The  machine,  by  means  of  a  series  of  ingenious  mechanical  arrangements,  is 
capable  of  being  most  readily  adjusted  and  moved  to  suit  the  various  conditions 
under  which  it  is  required  to  be  used  in  the  pit;  and  these  could  only  be  made 
intelligible  by  means  of  elaborate  diagrams  or  inspection  of  the  machine  itself,  or 
the  model.  The  principle  on  which  the  machine  works  is  that  of  the  planing  and 
slotting  machine,  the  cutters  acting  by  direct  continuous  pressure  derived  from  a 
column  of  water,  and  not  by  blows.  The  machine  has  been  in  successful  operation 
for  more  than  two  years.  

On  the  Counterbalancing  of  Winding  Engines  for  Coal  Mines. 
By  Jons  Daglish. 

On  Steam-Boiler  Explosions,  with  Suggestions  for  their  Investigation. 
By  H.  Debcks. 


Description  of  the  Means  employed  for  removing  and  replacing  in  a  new  posi- 
tion the  Iron  Columns  of  a  Fireproof  Cotton  Mill.  By  William  Fair- 
BAinr,  LL.D.,  F.BJ3. 

The  improvements  that  have  been  effected  in  the  machinery  for  spinning  cotton 
have  given  rise  to  new  conditions,  new  buildings,  and  new  appliances  to  meet  the 
numerous  changes  that  have  taken  place.  The  machinery  for  carding,  roving,  and 
spinning  has  been  renewed  three  different  times  within  a  period  of  less  than  sixty 
years,  the  old  machines  having  been  three  times  removed  to  give  place  to  others 
of  a  more  improved  construction.  The  old  narrow  buildings  of  former  days  have 
consequently  proved  unequal  to  present  wants,  and  it  has  been  necessary  either  to 
alter  the  old  mills  to  suit  the  new  machinery,  or  to  build  new  ones.  The  latter 
plan  was  occasionally  preferred;  but  more  frequently  the  spinning-rooms  of  the  old 
mills  were  converted  to  the  new  mules,  which  from  their  increased  number  of 
spindles  had  to  be  fixed  in  the  longitudinal  direction,  instead  of  transversely  as 
formerly. 

Immediately  after  the  invention  of  the  mule  by  Crompton,  or  about  the  com- 
mencement or  the  present  century,  a  cotton-mill  45  feet  in  width  was  considered 
of  proper  dimensions  for  mules  of  860  to  400  spindles.  Two  of  these  mules 
were  looked  upon  for  many  years  as  the  correct  number  for  one  man  to  work ;  and 
this  might  have  been  continued  for  a  longer  neriod,  but  for  the  invention  of  the 
self-acting  mule  by  the  late  Mr.  Roberts  and  others,  which  gave  a  new  impetus  to 
the  spinning  process ;  and  in  place  of  400  spindles,  as  formerly,  the  mules  of  the 
present  day  contain  from  800  to  1000  spindles.  This  increase  in  the  length  of  the 
mule  requires  a  corresponding  increase  of  width  in  the  mill ;  and  hence  arose  the 
tower-like  form  of  modern  cotton  factories,  varying  from  90  to  100,  and  in  some- 
cases  from  110  to  120  feet  wide. 

In  the  construction  of  modern  mills  no  difficulty  exists,  as  they  are  built  to  suit 
the  machinery ;  whereas  in  adapting  the  old  narrow  buildings  to  the  new  mules,  it 
was  necessary  to  break  up  the  old  mules,  and  place  the  new  ones  in  the  opposite 
or  longitudinal  direction  of  the  mill.  In  mills  with  wooden  floors,  this  was  easily 
accomplished  by  removing  one  row  of  columns  to  admit  a  pair  of  mules  in  the 
middle  ;  but  in  fireproof  buildings,  constructed  with  iron  beams  and  brick  arches, 
tiie  greatest  possible  care  was  necessary  to  be  observed  in  effecting  the  desired 
alteration,  as  illustrated  in  the  case  forming  the  subject  of  the  present  paper, 
where  00  to  100  tons  of  arches  and  machinery  had  to  be  supported  on  two  columns, 
or  one  bay,  in  a  building  eight  stories  high,  the  mill  being  kept  working  during 
the  whole  time  the  alterations  were  going  on. 

The  objection  to  this  operation  on  the  part  of  the  proprietors,  Messrs.  M'Con- 
nel  and  Co.,  was,  that  the  columns  could  not  be  removed  without  cutting  them, 
which  might  incur  the  danger  of  the  floors  above  being  "  brought  down  by  the 
run."  Each  column  had,  m  fadj  to  be  cut  in  two,  taken  entirely  out  and  new 
ones  substituted  at  the  required  distances  apart    As  the  particulars  may  be  useful 
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and  interesting,  the  writer  offers  the  following  description  of  the  process  "by  which 
this  object  was  successfully  accomplished  under  hia  directions. 

The  factory  which  required  one  row  of  cast-iron  columns  in  each  story  to  be  cut 
out  and  removed  to  a  distance  of  2  feet  8  inches,  is  a  fireproof  building,  eight 
stories  high.  It  extends  for  160  feet  along  Union  Street,  Manchester,  fronting  the 
Rochdale  Canal,  and  runs  parallel  with  it  as  far  as  Murray  Street,  where  it  termi- 
nates with  an  angular  wing  to  a  further  distance  of  80  feet  The  width  of  the 
mill  is  46  feet,  divided  by  two  rows  of  columns  of  three  equal  spans  of  15  feet  each, 
as  seen  in  the  annexed  sectional  diagram,  which  shows  the  position  of  the  columns, 
those  cut  out  being  represented  by  the  dotted  line  a  (fig.  1),  and  those  which  re- 
placed them  by  the  black  line  6.  The  columns  indicated  by  the  line  c  were  not 
disturbed.  The  figures  d,  e,ft  p  represent  the  position  of  the  mule  spinning-ma- 
chinery, for  the  admission  of  which  the  original  columns  in  the  position  of  the  dotted 

Fig.l. 


line  had  to  be  removed.  The  other  mules  next  the  side  walls  had  quite  sufficient 
room  with  the  addition  of  the  passage  o,  which  extended  along  the  side  wall  fox 
the  whole  length  of  the  mill. 

In  carrying  out  the  process  by  which  these  alterations  were  effected  the  first  con- 
sideration was,  how  to  support  the  ends  of  the  middle  beams  and  arches  during  the 
process  of  removing  the  columns  from  under  them;  and  also  how  to  support  the 
middle  beam  permanently  after  the  columns  had  been  removed.  This  could  not 
be  done  simultaneously  throughout  the  mill  when  at  work,  as  it  would  have  involved 
a  very  heavy  expense  to  support  the  ends  of  all  the  middle  beams  at  once,  with  a  su- 
perincumbent weight  on  each  of  90  tons  of  brick  arches,  and  machinery.  Moreover 
it  was  essential  that  only  one  pair  of  the  old  mules  in  each  room  should  be  stopped 
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at  one  time,  and  that  only  during  the  operation  of  fixing  the  new  columns  and 

cutting  out  the  old  ones. 

The  first  thing  to  be  done  was  therefore  to  prepare  the  new  columns  with 
projecting  brackets  (as  shown  in  sketch),  of  sufficient  length  to  reach  beyond  the 
ends  of  the  wail  beam  b  (tiff.  2),  so  as  to  support  the  ends  of  the  middle  one  after  the 
old  columns  were  removed.  As  it  was  impossible,  however,  to  remove  that  part 
of  the  column  which  went  through  the  beams,  it  was  necessary  first  to  fix  the 
new  columns  under  the  wall  beams  in  the  line  d,  and  subsequently  to  cut  out  the 
old  ones  at  c  progressively,  as  the  work  advanced  from  one  end  of  the  room 
to  the  other.  The  brackets  on  the  new  columns  were  made  to  project  to  about 
the  same  extent  on  both  sides ;  but  as  they  could  not  be  extended  the  whole  length 
on  the  side  next  the  original  columns,  until  the  latter  had  been  cut  out  and  removed, 
the  bracket  intended  lor  supporting  the  end  of  the  middle  beam  at  c  was  left  12 
inches  short,  so  as  to  leave  sufficient  space  for  attaching  the  apparatus  for  cutting 
out  the  old  column ;  and  a  loose  end  was  afterwards  bolted  to  the  bracket,  and  made 
to  fit  the  stump  end  of  the  old  column  after  it  had  been  neatly  cut  off  ana  removed, 
as  shown  in  sketch  at  c. 

The  carrying  out  of  this  work  was  ably  accomplished  by  the  contractor,  Mr. 
Andrew  Ker ;  and  in  order  to  save  time  and  labour,  an  apparatus  was  devised  by 
him  to  take  advantage  of  the  shafts  in  motion,  and  thus  to  cut  out  the  columns  with 
great  rapidity  and  success.  The  apparatus  itself  consists  of  two  cast-iron  clips 
embracing  the  column,  and  forming  a  table  for  supporting  a  spur-wheel,  which 
revolves  round  the  column  and  carries  a  steel  cutter.  The  wheel  is  driven  by  a 
worm-shaft  and  pulley,  which  received  motion  from  one  of  the  driving-shafts  in 
each  room.  The  shank  of  the  cutter  is  screwed  to  receive  the  rachet,  and  by  means 
of  a  finger  or  peg  the  cutter  receives  the  required  advance,  equivalent  to  the  thickness 
of  the  cut  every  time  the  rachet  passes  the  finger. 

By  this  means  the  old  columns  were  quickly  cut  out  and  removed,  and  the 
loose  end  of  the  bracket  having  been  inserted,  with  two  strong  bolts,  the  end  of 
the  middle  beam  was  thus  supported  with  the  same  security  as  if  the  original 
columns  had  never  been  disturbed. 


Improvement  in  Pontoon  Trains.  By  G.  Fawctts,  North  Shields. 
A  complete  pontoon  train  has  been  arranged  to  go  either  way  or  turn  on  its 
centre,  with  all  the  detailed  fittings  made  reversible  and  interchangeable.  This 
is  a  combination  of  a  light  and  strong  waffgon-frame,  with  traversing  frames 
between  the  wheels,  where  the  beams  and  planks  for  forming  the  platform  of  a 
bridge  are  packed  in  separate  compartments  for  simultaneous  handling,  and  are 
secured  there  by  a  novel  system  of  bolting,  the  load  thus  strengthening  the 
carriage  and  increasing  its  stability.  Above  these  frames  the  required  number  of 
inverted  boats  are  packed. — See  '  British  Association  Report  of  Transactions  of 
Sections/  1863,  pp.  172, 178,  article  "  Waggons  and  Boats'^  (Newcastle).  In  form- 
ing a  bridge,  the  rowlocks  on  both  cnnwales  form  a  double  support  for  the  beams, 
which  are  scarphed  and  keyed  together  with  bolts  and  forelocks.  The  bolts  are  of 
an  elliptical  section,  and  fit  into  oblong  holes  and  plates  forming  a  rigid  jointing. 

On  Locomotive  Engines  and  Carriages  on  the  Central  Bail  System  for  working 
Steep  Gradients  and  Sharp  Curves,  as  employed  on  the  Mont  Cents.  By 
J.  B.  Fjbll. 

It  appeared  that  this  work  is  proceeding  most  satisfactorily,  and  that  it  will  pro- 
bably oe  completed  by  the  end  of  the  year,  and  will  be  opened  about  May  next 
When  this  is  done,  the  line  of  rail  will  be  unbroken  between  Paris  and  Brindisi, 
on  the  Adriatic,  from  which  port  the  Italian  Government  are  running  a  line  of 
steamers  to  Alexandria.  Should  our  Government  adopt  this  route  for  our  Indian 
mails,  as  it  is  expected  will  be  the  case,  instead  of  that  of  Marseilles,  a  saving  of 
something  like  forty  hours  will  be  effected  in  their  transmission  between  London 
and  Alexandria.  The  works  at  Mont  Cenis  could  be  executed  for  £1000  per  mile 
for  the  railway,  and  £250  per  mile  for  permanent  way ;  the  stations  would  amount 
to  another  £1000  per  mile,  the  rolling  stock  amounting  to  £760  per  mile,  the  total 
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cost  being  £900,000.  The  tolls  were  high,  being  double  those  charged  on  an 
ordinary  railway.  Locomotive  power  for  conveying  passengers  and  goods  over 
the  mountain  cost  Is.  Ad.  per  passenger,  and  4a.  8d.  for  each  ton  of  goods.  The 
total  revenue  was  estimatea  to  amount  to  £100,000  per  annum.  Assuming  the 
traffic  to  increase  at  the  rate  of  10  per  cent,  the  whole  of  the  capital  would  be 
repaid  within  four  years.  The  cost  of  this  line  would  be  only  one-third  that  of  a 
tunnel  line.  The  working  expenses  would  amount  to  2  per  cent  of  the  ordinary 
expenses.  There  would  be  no  probability  that  the  line  would  be  choked  with 
snow.  About  eight  or  nine  miles  of  the  line  would  be  constructed  in  galleries 
some  of  masonry  and  some  of  wood. 

An  Invention  for  the  Purpose  of  attaining  greater  Adhesion  between  the  driv- 
ing-wheel and  the  Bail.    By  W.  D.  Gaivsfobd. 

The  proposed  plan  consists  merely  in  adding  a  second  flange  to  the  driving- 
wheel.  The  two  flanges  being  closer  together  at  the  base  than  the  middle  of  the 
rail,  thus  causing  the  weight  of  the  wheels  to  be  carried  by  the  flanges  pressing 
upon  the  sides  of  the  rail  instead  of  the  face  of  the  tire.  The  tractive  power 
obtained  by  this  means  is  1 J  to  lj  times  the  imposed  weight 

As  the  flange  is  flat,  and  the  rail,  an  ordinary  double  headed  one,  is  round  in 
section  at  the  point  where  the  tire  touches  it,  the  contact  is  little  more  than  a 
point,  and  consequently  there  is  no  grinding  between  the  flange  and  the  rail,  both 
becoming  as  bright  and  smooth  as  the  face  of  an  ordinary  rail. 

In  passing  round  curves,  the  inner  rail  is  laid  with  a  narrower  head,  so  that  it 
falls  to  the  bottom  of  the  groove  in  the  wheel,  rendering  the  latter  of  a  smaller 
diameter,  and  allowing  it,  if  necessary,  to  slip,  as  in  the  ordinary  railway  wheeL 

A  locomotive  was  constructed  upon  this  principle  to  rum  upon  a  colliery  rail- 
way. Its  weight  was  20  cwt  loaded  j  12  cwt  were  borne  by  the  driving-wheels, 
ana  8  by  the  leading  wheels. 

The  gradients  experimented  upon  were  1  in  14  and  1  in  7.  Less  a  gradient  of 
1  in  14  the  engine  drew  a  load,  including  wagons  of  5  tons,  at  a  speed  of  3  miles 
per  hour. 

Less  the  gradient  of  1  in  7  the  engine  drew  a  load  of  36  cwt  at  about  the  same 
Speed. 

The  dimensions  of  the  engine  were :  cylinder  3|  inches  diameter,  10  inches 
Stroke ;  driving-wheels  12  inches  diameter ;  highest  steam  pressure  120  lbs.  to 

the  inch.  

Description  of  a  Newly-invented  System  of  Ordnance.    By  W.  D.  Gaixsfokd. 

The  projectile  thrown  by  the  proposed  gun  is  a  sharp-edged  disk,  formed  by  the 
Junction,  at  the  basis  of  the  frusta,  of  two  equal  and  similar  cones.  Each  frustum 
as  half  the  height  of  the  original  cone,  and  each  cone  is  one-third  its  base  dia- 
gnotor in  height  Consequently^  the  major  is  three  times  the  minor  axis.  The 
disk  is  fixed  in  an  upright  direction,  and  the  rotation  is  upon  the  minor  axis.  To 
propel  this  projectile  a  gun  is  used,  wjuch  internally  consists  of  two  parts,  a 
chamber  for  the  powder  and  the  barrel  or  receptacle  for  the  shot  The  banal  is 
very  short,  so  that  when  loaded  the  front  of  the  disk  is  level  with  the  mouth  of 
the  gun.  Direction  is  given  by  the  close  fitting  of  the  sides  of  the  barrel  to  the 
disk,  rotation  by  a  pin  passed  through  the  barrel  in  a  horizontal  direction,  in  its 
lower  part,  so  as  to  take  nold  in  a  notch  cut  in  the  edge  of  the  disk.  It  is  thus 
evident  that  the  disk,  on  leaving  the  gun,  will  acquire  a  rotation  equal  in  speed  at 
the  mouth  to  the  speed  of  the  disk  itself  where  it  last  touches  the  eaten.  By 
putting  the  catch  nearly  under  the  centre  of  the  disk,  a  speed  of  rotation  of  the 
periphery  nearly  equal  to  the  initial  velocity  of  the  projectile  would  be  obtained. 
As,  however,  much  less  than  this  will  suffice  to  keep  the  axis  of  the  disk  at  right 
angles  to  its  line  of  motion,  the  catch  is  placed  further  back,  and  offers  but  little 
resistance  to  the  exit  of  the  projectile.  Thus  an  efficient  rotation  is  obtained 
without  friction ;  and  from  the  absence  of  friction  great  initial  velocity  is  obtained ; 
and  the  recoil  being  small,  from  the  same  reason,  large  charges  of  powder  may  be 
used.  A  long  maintenance  of  the  velocity  is  ensured  by  the  ahape  and  rotation 
of  the  disk,  which  is  more  adapted  for  retaining  its  Telocity  than  a  conical  or  belt- 
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shaped  shot  The  recoil  is  small  from  the  absence  of  friction,  which  in  rifled  guns 
amounts  to  from  one-third  to  one-half  the  power  employed.  In  the  proposed  gun 
the  only  recoil  is  that  due  to  the  simple  propulsion  of  the  shot  An  experimental 
gun  has  been  made  on  this  principle,  throwing  a  shot  of  4  lb.  2  oz.  The  charged 
used  was  one-eleventh,  or  6  os.  of  powder.  The  first  shot  was  fired  from  H.M.S. 
'  Cambridge/  the  gunnery  ship  at  Devonport,  at  the  target  in  the  creek,  a  distance 
of  1000  yards.  The  rotation  was  perfect,  and  the  direction  excellent.  The  gun 
was  again  fired  from  Boviesand,  Devonport,  and  gave  a  range  of  2000  yards  first 
graxe  with  the  same  charge.  Had  the  construction  of  the  gun  allowed  a  heavier 
charge  of  powder,  no  doubt  a  much  greater  range  would  have  been  obtained. 
Further  experiments  were  prevented  by  the  cracking  of  the  gun  at  the  muzzle. 

On  the  Chalmers  Target.  By  Captain  Douglas  Galton,  F.RJ3.,  F.G.S. 
The  target  may  be  understood  by  looking  upon  it  as  a  beam,  in  which  the  top 
flange  is  the  front  plate,  the  bottom  flange  a  thinner  plate  behind,  these  two 
flanges  being  kept  apart  by  means  of  a  web  of  plates  at  right  angles  to  the  flanges. 
These  intermediate  plates  are  supported  laterally  by  layers  of  wood  to  prevent 
their  breaking.  The  author  stated  that  the  'results  of  the  experiments  made 
bv  the  Iron  Plate  Committee  had  been  most  successful,  and  showed  that  the  prin- 
ciple was  correct. 

On  the  Electrical  and  Mechanical  Properties  of  Hooper's  India-rubber  Insu- 
lated Wire  for  Submarine  Cables.  By  William  Hooper. 
The  author  described  the  method  by  which  he  secures  the  durability  of  his 
rubber.  Its  high  degree  of  insulation  was  pointed  out,  and  its  durability  under 
very  trying  conditions,  over  long  periods  of  time,  confirmed  by  experiments  con- 
ducted by  Sir  Charles  Bright,  Capt  Mallock,  and  others.  It  was  stated  that 
Mr.  Latimer  Clark  had  found  it  unnecessary  to  ship  Mr.  Hooper's  cables  in  water- 
tanks  ;  and  the  Ceylon  cable,  now  on  its  way  out,  is  coiled  dry.  The  inductive 
capacity  of  Mr.  Hooper's  wire  remains  practically  the  same  at  all  temperatures, 
while  that  of  gutfca  percha  increases  considerably  at  100°  Fahr.  Diagrams,  repre- 
senting the  effects  of  pressure  and  immersion,  were  shown,  from  which  it  was  seen 
that  pressure  improves  the  insulation  of  his  wire  in  the  same  way  as  is  observed 
with  gutta  percna.  The  result  of  carefully  conducted  experiments,  extending 
over  three  years,  proves  that  the  absorption  of  water  is  so  small  that  the  most 
refined  electrical  tests  failed  to  discover  it 


On  Rotary  Engines,  with  special  reference  to  one  invented  by  W.  Hall. 
By  G.  O.  Hughes. 

On  recent  Improvements  in  the  Application  of  Concrete  to  Fireproof  Con- 
structions.   By  Fbkdsbick  Inglb. 

The  author  pointed  out  what  he  considered  a  radical  defect  of  concrete  formed  of 
lime,  as  ordinarily  used,  viz.  that  by  the  action  of  fire  it  becomes  reconverted  into 
lime,  which,  when  the  water  from  the  engines  is  brought  to  bear  upon  it,  expands 
greatly,  and  forces  out  the  walls  to  the  destruction  of  the  building.  He  advocated 
the  use  of  a  concrete  formed  from  gypsum,  which  is  not  liable  to  this  defect.  The 
gypsum,  which  is  of  a  coarse  and  inexpensive  character,  is  formed  into  plaster  of 
Paris  by  roasting,  and  mixed  with  a  peculiar  kind  of  clay  found  in  connexion  with 
the  beds  of  gypsum. 

On  a  New  Arrangement  for  picking  up  Submarine  Cables. 

By  Flbriukg  Jknkik,  F.R.S. 

^  This  machinery  was  intended  to  limit  and  regulate  the  strain  which  coM  p0*» 

aiblv  be  brought  on  a  submarine  cable  or  rope  attached  to  it  while  being  hauled 

on  board  by  the  ordinary  drum  driven  by  a  steam-engine.    During  this  operation 

it  had  hitherto  been  necessary  to  watch  the  cable  carefully,  regulating  the  spued 

of  the  engine  so  as  to  keep  the  strain!  as  shown  by  the  dynamometer,  below  that 
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which  was  considered  safe.  It  was  further  necessary  to  be  ready,  at  an  Instants 
warning,  to  stop  the  engine  in  case  the  cable  fouled  any  part  of  the  ship ;  and  the 
author  nad  seen  a  cable  broken  owing  to  the  impcesmiity  of  stopping  the  engine 
soon  enough.  Moreover,  even  when  the  above  precautions  were  taken,  it  was 
impossible  to  avoid  a  considerable  variation  of  strain,  due  to  the  pitching  of  the 
shin,  which  alternately  slackened  and  lengthened  the  cable  as  it  hung  vertically ; 
ana  in  most  cases  in  the  author's  experience  cables,  while  being  picked  up  in  great 
depths,  had  broken  from  this  cause.  All  these  dangers  were  avoided  by  the  ma* 
chinery  invented  by  the  author,  of  which  two  models  were  shown.  These  two 
forms  were  identical  in  principle.  A  spur-wheel,  fast  on  a  main  shaft,  driven  by 
the  engine,  geared  into  another  spur-wheel  centered  in  the  periphery  of  a  brake- 
drum,  loose  on  the  main  shaft,  and  restrained  from  turning  by  an  Appold's  brake ; 
the  second  sour- wheel  in  one  form  seared  directly  into  an  internal-toothed  wheel 
bolted  on  the  picking-up  drum,  which  was  also  loose  on  the  main  shaft  above 
mentioned.  When  the  Drake-drum  was  stationary,  the  engine  simply  drove  the 
brake-drum  through  the  spur-wheels  in  the  ordinary  manner;  but  when  the  strain 
on  the  cable  reached  the  amount  corresponding  to  that  given  by  the  weight 
restraining  the  brake-drum,  the  picking-up  drum  ceased  to  revolve,  because  the 
brake-drum  turned  instead,  carrying  round,  the  second  or  intermediate  spur- wheel, 
which  rolled  inside  the  internal-toothed  -wheel,  instead  of  driving  it;  the  centre 
on  which  this  intermediate  spur-wheel  worked  might  be  looked  on  as  a  fulcrum, 
and  the  wheel  itself  as  a  lever,  by  which  the  engine  pushed  round  the  pickimj-up 
drum :  if  the  fulcrum  yielded,  the  weight  could  not  be  lifted.  The  second  form 
of  model  was  exactly  similar  in  principle.  A  second  intermediate  wheel,  of  dif- 
ferent diameter,  fast  on  the  same  shaft  as  the  first,  geared  into  an  external-toothed 
spur-wheel  connected  with  the  picking-up  drum.  The  action  was  identical  with 
that  already  described.  If  the  strain  increased  beyond  that  required  to  stop  die 
picking-up  drum,  it  would  turn  in  the  other  direction,  and  the  cable  would  be  paid 
out  instead  of  picked  up,  although  the  engine  would  continue  to  run  in  the  same 
direction  as  before,  ana  exerted  the  same  power.  In  practice,  as  was  shown  by 
the  models,  the  engine  might  be  driven  at  any  speed ;  the  cable  would  only  lie 
subject  to  the  strain  chosen,  which  might  be  increased  or  diminished  at  will;  it 
would  come  up  quicker  or  slower  as  the  ship  fell  or  rose ;  it  would  stop  wholly  if 
the  cable  fouled ;  it  would  be  paid  out  if,  from  inattention,  the  ship  drifted  out  of 
position,  or  from  any  other  cause  the  strain  increased  on  the  cable.  More  then 
this,  the  cable  might  actually  be  paid  out  as  the  ship  rose,  and  picked  up  as  it  fell, 
and  the  whole  would  take  place  with  perfect  smoothness  and  constancy  of  strain. 
The  Appold  brake  gave  a  constant  restraining  power  to  the  brake-drum,  whatever 
the  coefficient  of  friction  might  be.  The  gear  exhibited  formed  at  once  e  pajingr- 
out  and  picking-up  machine.  It  might  be  termed  an  accurate  slip-coupling,  anil 
could  be  applied  to  many  purposes — as,  for  instance,  to  the  measurement  of  steam 
power  let  out  With  one  of  these  couplings  on  the  transmitting  shaft,  it  would 
be  impossible  to  overload  the  shaft.  Similarly,  the  coupling  would  serve  to  pre- 
vent a  break-down  in  cases  where  the  machinery  was  liable  to  sudden  starts  or 
stoppages.  It  would  prevent  undue  strains  on  the  ropes  of  collieries  and  lifts,  and 
other  applications  would  readily  occur  to  mechanical  men. 

On  Zinc  Sheathing  for  Ships.     2ty  Bamtxhl  J.  Mackxe,  F.G.S. 

Iron  ships  are  subjected  to  a  great  amount  of  corrosion,  and  are  so  liable  to 
foul,  that  sailing-ships  of  iron  cannot  be  sent  on  long  voyages.  Copper  sheathing* 
or  Muntz's  metal,  cannot  be  applied  to  iron  ships  as  it  is  to  wooden  ones,  because 
the  iron  being  positive  to  copper,  electrical  action  would  be  set  up,  by  which  the  * 
iron  would  be  destroyed  at  a  greatly  increased  rate.  If,  then,  a  metal  were  found 
which  should  be  positive  to  iron,  when  the  two  metals  were  in  contact  in  sea- 
water,  the  conditions  of  the  voltaic  battery  formed  by  the  iron  ship  and  its 
sheathing  would  be  reversed,  and  the  sheathing  would  be  destroyed  while  the 
iron  would  be  preserved.  A  further  condition  was  required  to  be  satisfied,  nameljr, 
that  the  metal  forming  the  sheathing  should  not  be  destroyed  toe  quickly,  but 
only  sufficiently  to  prevent  the  growth  of  animal  and  vegetable  parasites  by  tke 
~  but  constant  scaling  of  the  surface.  Such  a  metal  was  sine,  the  cost  of  which 
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was  about  two-thirds  that  of  copper,  and  the  electro-chemical  action  upon  it  was 
not  only  so  slow  as  not  to  exceed  the  action  of  salt  water  upon  the  copper  sheath- 
ing on  a  wooden  vessel,  but  this  action  it  was  possible  to  control  within  certain 
limits.  These  results  have  been  confirmed  by  careful  experiments  made  under  the 
direction  of  the  Admiralty  at  Portsmouth)  where  Kinc-sheathed  iron  plates  had 
been  submersed  for  eighteen  months,  and  had  been  taken  up  bright  and  clear  of 
any  kind  of  fouling  whatever.  The  method  had  been  invented  and  patented  by 
Mr.  T.  B.  Daft,  O.K,  who  had  also  devised  a  plan  for  the  construction  or  iron  ships, 
by  which,  instead  of  close-fitting  butt-joints,  the  plates  were  lap-jointed  on  to  ft 
back  strap,  with  an  intervening  space  of  about  an  inch  wide,  which  was  filled 
with  a  caulking;  of  compressed  teak,  into  which  the  nails  were  driven  for  fastening 
the  zinc  sheathing  to  the  hull  of  the  ship.  By  this  plan  of  construction  a  flush 
surface  was  obtained,  while  the  strength  of  the  ship  would  be  increased,  and  as 
fouling  would  be  entirely  prevented  by  the  zinc  sheathing,  iron  ships  could  here- 
after be  sent  on  the  longest  voyages.  One  of  the  commercial  results  of  this  appli- 
cation of  that  sheathing  would  therefore  be  the  doubling  of  the  iron  ship-building 
trade  through  the  demand  for  iron  instead  of  wooden  sailing-vessels. 


On  the  Treatment  of  melted  Cast  Iron  and  its  Conversion  into  Iron  and 
and  Steel  by  the  Pneumatic  Process,     By  R.  Mushut. 


On  the  Theory  of  the  Influence  of  Friction  upon  the  Mechanical  Efficiency  of 
Steam.     By  Prof.  W.  J.  Macquorn  Rahxihb,  LL.D.f  F.R.S8.  L.  &K 

The  results  arrived  at  by  the  author  of  this  paper  are  based  on  the  following 
principle.  Let  W  be  the  indicated  work  of  a  given  quantity  of  steam,  without 
deducting  loss  by  friction,  and  H  the  mechanical  equivalent  of  the  expenditure  of 
heat  required  in  order  to  do  that  work ;  so  that  W-f-H  is  the  efficiency  of  the 
steam  without  friction.  Let  P  be  the  quantity  of  work  lost  through  friction  in  the 
cylinder ;  and  let  the  heat  produced  by  that  friction  be  wholly  taken  up  by  the  steam. 
T*hen  the  work  done  is  diminished  to  W— F,  and  the  heat  expended  is  diminished 

to  H-F;  so  that  the  efficiency  becomes  Tf"~{v  The  special  way  in  which  the 

friction  takes  effect  in  ordinary  steam-engines  is  by  diminishing  the  expenditure 
of  heat  required  for  the  prevention  of  liquefaction  in  the  cylinder. 

Remarks  on  the  Experiments  of  the  Committee  upon  the  Resistance  of  Water 
to  Floating  and  Immersed  Bodies.  By  Prof.  W.  J.  Macquorn  Raxkinb, 
LL.D.,  F.R.SS.  L.$E. 

The  author  said  that  his  object  in  reading  the  present  paper  was  not  so  much  to 
bring  forward  any  opinions  of  his  own  as  to  open  the  way  for  a  discussion  on  the 
subject  of  the  resistance  of  water  to  bodies  passing  through  it  The  custom  of  the 
Association  was  that  a  Report  should  be  discussed;  and,  therefore,  when  it  was 
desired  to  hold  a  discussion  on  the  subject  of  a  Report,  it  became  necessary  to  read 
a  communication  from  some  individual  on  the  same  subject.  With  respect  to 
the  experiments  recorded  in  the  Report,  he  would  observe  that  they  formed  a  body 
of  facte  which  were  available  for  every  inquirer  to  reduce  in  his  own  way.  From 
a  brief  investigation  of  their  results,  by  the  aid  of  graphic  projection,  he  believed 
that  the  following  conclusions  might  safely  be  drawn : — 

1.  That  agreeably  to  what  was  previously  known  as  to  the  resistance  of  water  to 
the  motions  of  bodies  of  small  dimensions  at  low  speeds,  the  resistance  increased, 
on  the  whole,  somewhat  more  slowly  than  the  square  of  the  velocity. 

2.  That  when  the  velocity  went  beyond  the  maximum  velocity  suited  to  the 
length,  according  to  Mr.  Scott  Russell's  rule  (that  is  to  say,  about  8$  ft.  per  second, 
the  models  being  4  ft.  long),  the  resistance  showed  a  tendency  to  increase  at  a 
more  rapid  rate,  and  the  water  became  so  much  disturbed  by  waves  as  to  make  it 
difficult,  and  sometimes  impracticable,  to  continue  the  experiments. 

3«  That  while  the  midship  section  of  model  A  was  to  that  of  model  B  as  1-57 
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to  1,  and  the  mean  girth  of  model  A  was  to  that  of  model  B  a*  1*45  to  1,  the  re- 
sistance of  model  A  was  to  that  of  model  B  in  a  somewhat  less  ratio  than  the 
latter  proportion,  though  not  very  much  less  at  moderate  speeds. 

4.  That  the  resistance  of  model  A,  when  jurt  covered  with  water,  was  almost 
exactly  double  of  its  resistance  at  the  same  speed  when  half  immersed. 

5.  That  the  resistance  of  model  B,  when  immersed  to  about  three-and-a-half 
times  its  depth,  was  sensibly  more  than  double  its  resistance  when  half  immersed. 

The  author  adverted  to  the  great  mass  of  detailed  information  as  to  the  propul- 
sion of  vessels  which  had  been  accumulated  by  the  late  Committee  on  Steamship 
performance ;  and  stated  his  opinion  that  much  good  might  be  done  by  digesting 
and  condensing  that  information,  which  at  present  was  in  a  form  too  voluminous 
for  practical  use. 

On  Barytic  Powder  for  Heavy  Ordnance.  By  Captain  Wtkanyb,  of  the 
Royal  Belgian  Artillery.  Communicated  by  Charles  Yignoles.,  F.RJS., 
M.RJji. 

This  particular  kind  of  powder  has  been  much  experimented  upon,  both  in  Bel- 
gium and  in  France,  with  a  view  to  counteract  the  injurious  effect  which  is  pro- 
duced when  large  charges  of  powder  are  used  in  heavy  ordnance.  The  principle 
on  which  this  barytic  powder  is  compounded  is  simply  that  of  substituting  nitrate 
of  barytes  in  the  composition  of  the  gunpowder,  instead  of  saltpetre,  in  certain 
proportions,  the  consequence  being  that  the  powder,  when  ignited,  consumes  more 
slowly,  and  the  gases  are  developed  less  rapidly  than  in  ordinary  gunpowder, 
while  the  same  effect  is  produced  upon  the  projectile  as  regards  #ts  ultimate 
velocity.  This  lessens  the  injurious  effect  upon  the  sides,  vent,  and  chamber  of  the 
piece  of  artillery.  Capt  Wynants  entered  into  the  details  of  a  very  large  number 
of  experiments  made  with  this  powder.  The  general  result  to  be  deduced  from 
these  experiments  is,  that  we  have  to  choose  between  imparting  a  higher  degree  of 
velocity  to  the  projectile,  at  the  risk  of  damaging  the  piece  more  rapidly  ana  more 
considerably,  or  confining  our  attention  to  the  American  plan  of  projecting  heavier 
shot  at  a  lower  velocity.  The  preponderating  feeling  in  the  minds  of  English 
engineers  and  artillerists,  and  particularly  of  sailors,  is  for  a  higher  degree  of 
velocity,  with  a  smaller  weight  of  shot.  The  question  is  an  exceedingly  interest- 
ing one,  and  has  excited  considerable  attention  both  in  Belgium  and  in  France,  as 
it  has  done  in  Prussia  and  America.  If  these  experiments  could  be  continued,  we 
should  obtain  some  very  useful  information  on  the  subject  Capt  Wynants  con- 
sidered that  the  principal  difficulty  in  dealing  with  the  present  enormous  artillery 
arose  from  the  too  rapid  consumption  of  the  powder,  by  which  the  generation  of 
gas  was  so  rapid  that  the  interior  of  the  gun  was  destructively  affected  before  the 
projectile  was  moved.  Capt.  Wynants  found  that  by  substituting  nitrate  of  barytes 
for  saltpetre  in  the  composition  of  gunpowder  the  rapidity  of  the  combustion  was 
reduced:  without  the  propelling  force  of  the  powder  being  diminished — in  met,  the 
propelling  force  was  rendered  more  uniform  m  its  action. 
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•Alexander  (Colonel  Sir  J.  E.)  on  the 
effects  of  the  pollution  of  rivers,  89. 

Alumina,  Alfred  Bird  on  the  purifica- 
tion of  terrestrial  drinking  waters  with 
neutral  sulphate  0^  38. 

America,  Colonel  Sykes  on  modes  of 
banking  in,  134. 

•Amvlene,  Dt.  Bauer  on  the  action  of 
chlorine  on,  33. 

•Anderson  (J.)  on  recent  explorations 
in  chambered  cairns  in  Caithness,  04. 

•Andorra,  Dr.  R.  S.  Charnock  on  the 
people  of,  96. 

•Anemometer,  L.  Casella  on  a  new,  23. 

Anglo-Belgian  basin  of  the  forest-bed 
of  Norfolk  and  Suffolk,  Rev.  J.  Gunn 
on,  52. 

Animals,  Dr.  Lyon  Plavfair  on  the  ori- 
gin of  muscular  force  in,  43. 

•Anneslev  Colliery,  Edward  Hedley  on 
the  sinking  of,  63. 

•Ansted  (Prof.)  on  intermediate  dis- 
charges of  petroleum  and  large  depo- 
sits of  bitumen  in  the  valley  of  Pes- 
cara,  Italy,  60;  on  a  salse  or  mud- 
volcano  on  the  flanks  of  Etna,  com- 
mencing to  eiupt  in  the  month  of 
January  last,  50* 


Ansted  (Prof.)  on  the  physical  geo- 
graphy of  the  eastern  part  of  the 
Crimea  and  the  Peninsula  of  Tainan, 


•Anthropology,  Dr.  J.  Hunt  on  the 
principle  or  natural  selection  applied 
to,  96. 

Arabia,  W.  G.  Palgrave  on  North  and 
South,  114. 

Archaeology,  R.  Dunn  on  some  of  the 
bearings  of,  upon  certain  ethnological 
problems  and  researches,  108. 

Anus,  Prof.  W.  Turner  on  a  remarkable 
mode  of  gestation  in  an  undescribed 
species  of,  79. 

Arnold  (Sergeant)  on  the  climate  of 
Aldersnot  camp,  15. 

Arran,  Dr.  E.  P.  Wright's  botanical 
notes  of  a  tour  in  the  islands  of,  80. 

•Atlantic  cable,  C.  F.  Varley  on  certain  ■ 
phenomena  which  presented   them- 
selves in  connexion  with  the,  14. 

Atlantic  telegraph,  North,  N.  J.  Holmes 
on  the,  27. 

Attfield  (Dr.  J.)  on  the  assay  of  coal, 
&c.  for  crude  paraffin  oil,  and  of  crude 
oil  and  petroleum  for  spirit,  photogen, 
lubricating  oil,  and  paraffin,  33. 

Baines  (Thomas)  on  the  probable  lower 
course  of  the  Limpopo  River,  South- 
east Africa,  100;  on  the  Zambesi  and 
its  probable  westernmost  source,  101. 

Baker  (Sir  8.  W.)  on  the  character  of 
the  negTO  tribes  of  Central  Africa, 
104 ;  on  the  relations  of  the  Abyssinian 
tributaries  of  the  Nile  and  the  equa- 
torial lakes  to  the  inundations  of 
Egypt,  102. 
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Ballast-flora  of  the  coasts  of  Durham 
and  Northumberland,  John  Hogg  on 
the,  74. 

•Bate  (C.  Spence),  an  attempt  to  ap- 
proximate the  date  of  the  flint  flakes 
of  Devon  and  Cornwall,  50;  on  the 
dentition  of  the  common  mole  (Talpa 
Europaa),  69. 

•Bauer  (Dr.)  on  the  action  of  chlorine 
on  amylene,  33. 

Beaches,  W.  BengeUy  on  rawed,  66. 

Beddoe  (Dr.  J.)  on  the  stature  and  bulk 
of  the  Irish,  and  on  degeneration  of 
race,  04. 

•Bedfordshire,  J.  F.  Walker  on  a  phos- 
phatic  deposit  in  the  lower  green  sand 
o^  45. 

,  on  the  lower  green  sand  of,  67. 

Beke  (Dr.)  on  the  island  of  St  John  in 
the  Red  Sea  (the  Ophiodes  of  Strabo), 
60 ;  on  the  lake  Kura  of  Arabian 
geographers  and  cartographers,  104; 
on  the  possibility  of  turning  the 
waters  of  the  Nile  into  the  Red  Sea, 
105. 

•Belcher  ( Adm.  Sir  Edward)  on  stone 
implements  of  Esquimaux,  94  j  on  the 
application  of  the  expansive  power  of 
moistened  vegetable  matter  to  the 
raising  of  weights,  140. 

Belgian  bone-caves,  G.  O.  Blake  on  a 
human  jaw  from  the,  95. 

Bergeron  (M.)  on  the  system  of  pneu- 
matio  propulsion,  140. 

Bird  (Alfred)  on  the  purification  of 
terrestrial  drinking  waters  with  neu- 
tral sulphate  of  alumina,  33. 

•Birds,  British,  O.  Groom-Napier  on 
the  cause  of  the  variation  in  tne  eggs 
of,  77. 

-—  Is  the  carbonate  of  lime  in  the  egg- 
shell of,  in  a  crystalline  or  amorphous 
state  ?  by  Dr.  John  Davy,  8a 

•Black  (J.  W.)  on  colonies  in  South 
Africa,  94. 

Blake  (G.  C.)  on  skulls  from  the  round 
barrows  in  Dorsetshire,  94 ;  on  a  Oon- 
dylus  Tertius  occasionally  observed  in 
the  skulls  of  natives  in  the  Indian 
archipelago,  04  ;  on  a  human  jaw  from 
the  Belflian  bone-caves,  95. 

.•Blood,  Dr.  A,  Gamgee  on  the  action  of 
carbonic  oxide  on  the,  91, 

,  W.  I*  Scott  on  the  presenoe  of 

ammonia  and  its  homologues  in  the, 
92* 

Blood-vessels,  Dr.  G.  D.  Gibb  on  the 

.   great  arterial,  73. 

.*3ogg  (E.  R)  on  fishing  Indians  of  Van- 
couver's island,  96.  . 


•BoDaert  (W.)  on  ancient  engravings  on 
stone  from  Southern  Pern.  96;  on 
Central  American  tieroriyphs.  96. 

Bone-caves,  Belgian.  C.  C.  Blake  on  a 
human  jaw  from  tne,  95. 

Boole's  mathematical  analysis  of  logic, 
the  Rev.  Prot  Barley  on,  & 

Boulder-clay  of  Caithness,  C.  W.  Peach 
on  the  list  of  fossils  found  in  the,  64. 

Brady  (Henry  B.)  on  the  Rhiiopodal 
franaof  the  Hebrides,  6a 

Brigg  (Henry,  jun.)  on  the  occurrence 
of  flint  implements  in  the  gravel  of 
the  little  Ouse  Valley  at  Thetfard 
and  elsewhere,  50. 

•Brine  (Commander  Lindsay)  on  the 
eruption  at  Santorin,  and  its  present 
condition,  107. 

British  fossil,  W.  H.  Ransom  on  the 
occurrence  of  Felis  Lynx  as  a,  66. 

•Brittany,  Lower,  Dr.  P.  Broca  on  the 
anthropology  of,  96. 

•Broca  (Dr.  P)  on  the  anthropology  of 
Lower  Brittany,  96. 

Brodie  (Rev.  P.  B.)  on  the  correlation  of 
the  lower  lias  at  Barrow-on-Soar,  Lei- 
cestershire, with  the  same  strata  in 
Warwick-,  Worcester-9and  Gloucester- 
shires,  and  on  the  ooenrrenoes  of  the 
remains  of  insects  at  Barrow,  61. 

Bromine,  J.  H.  Gladstone  on  the  re- 
fraction-  and  dispersion-equivalents  of, 
87. 

•Brown  (R)  on  the  daft  deposit  on  the 
Weaver  Hills,  61. 

•Brown  (Thomas)  on  the  application  of 
the  Greek  ana  Latin  languages  to 
scientific  nomenclature,  70. 

Browne  (Thomas)  on  the  transfer  of 
real  property,  124. 

Browning  (John)  on  some  recent  im- 
provements in  astronomical  telescope? 
with  silvered  glass  specula,  22. 

Buckland  (F,)  on  oyster  cultivation,  70; 
on  the  scientific  cultivation  of  a  sal- 
mon river,  71. 

♦Burgh  (N.  P.)  on  the  action  and  effect 
of  name  in  marine  boilers,  140. 

Burton  (F.  M.)  on  the  occurrence  of  the 
Rhjstic  beds,  near  Gainsborough,  and 
the  surrounding  strata,  51. 

Butterfly,  A*  R.  Wallace  on  mvcraed 
sexual  characters,  in  a,  79, 

♦Buys- Ballot  (Dr.)  on  the  method 
adopted  at  Utrecht  in  discussing 
meteorological  observations,  1(1 

•Cable,  Atlantic,  G.F.  Varley  on  certain 
phenomena  which  nresented  them- 
selves in  connexion  wi|n  the,  14. 
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Cables,  submarine,  Fleeming  Jenkin  on 
a  new  arrangement  for  picking  up,  145. 

,  W.  Hooper  on  the  electrical  and 

mechanical  properties  of  india-rubber 
insulated  wire  for,  146. 

'Caesar's  account  of  Britain  and  its  in- 
habitants, J.  Crawfurd  on,  107. 

Caine  (Rev.  William)  on  the  free  licen- 
sing system  in  Liverpool  during  the 
last  four  years,  124. 

Caithness.  C.  W.  Peach  on  the  list  of 
fossils  round  in  the  boulder-clay  of,  64. 

9  Caithness,  J.  Anderson  on  recent  ex- 
plorations in  chambered  cairns  in,  84. 

Calcutta,  Sir  Walter  Elliott  on  irnro- 

.    posed  ethnological  congress  at,  100. 

Cambodea,  J.  Thomson  on  the  ruined 
temples  of,  116. 

Capello  (Senhor)  on  magnetic  disturb- 
ance, 13. 

•Caracas,  A.  Ernst  on  the  anthropology 
of.96. 

•Carbon,  Br.  Crace-Calvert  on  the  oxi- 
dizing action  of,  34. 

•Carpenter  (Dr.)  on  Comatula  rosacea, 
C.  celtica,  and  other  marine  animals 
from  the  Hebrides,  72. 

Carrett  (W.  ~E.)  on  an  hydraulic  coal- 
cutting  machine,  141. 

•Carstone,  Govier  Seeley  on  the,  67. 

•Casella  (L.)  on  a  new  anemometer,  23. 

Cattle-plague  Entozoa,  Dr.  Cobbold  on 
the  so-called,  89. 

Ch&togaster  vermicularis,  E.  Ray  Lan- 
kester  on  the  asexual  reproduction 
and  anatomy  of,  74. 

Chalmers  target,  Capt.  Douglas  Galton 
on  the,  145. 

•Charnock  (Dr.  R.  S.)  on  the  people  of 
Andorra,  06. 

Charts,  Francis  Galton  on  the  conversion 
of  wind  into  passage-.  17. 

•  Children,  S.  P.  Day  on  the  power  of  rear- 
ing, among  savage  tribes,  00. 

China,  Colonel  Sykes  on  modes  of  bank- 
ing in,  134. 

•Chlorine,  Dr.  Bauer  on  the  action  of, 
on  amylene,  33. 

Chlorine,  J.  II.  Gladstone  on  the  refrac- 
tion- and  dispersion-equivalents  of, 
37. 

•Chiomula,  J.  J.  Cleater  on,  72. 

•Cinchona  cultivation  in  India,  Cle- 
ments R.  Markham  on  the,  75. 

Classical  tripos  examination,  James  Iley- 
wood  on  the  subjects  required  in  the, 
131. 

•Claudet  (Antoine)  optics  of  photo- 
graphy—on  a  new  process  for  equal- 
izing tfee  4efiniti(m  of  all  the  plane*  of 


a  solid  figure  represented  in  a  photo- 
graphic picture,  0;  on  a  magnifying 
stereoscope  with  a  single  lens,  23; 
on  a  variable  diaphragm  for  telescopes 
and  photographic  lenses,  23. 

•Cleater  (J.  J.)  on  colour  and  ohromula, 
72. 

Coal,  Dr.  J.  Attfield  on  the  assay  of,  &c. 
for  crude  paraffin  oil,  33. 

on  the  parts  of  England  and  Wales 

in  which  it  may  and  may  not  be  looked 
for  beyond  the  known  coal-fields,  by 
Sir  R.  I.  Murchison,  Bart,  57. 

Coal-cutting  machine,  W.  E.  Carrett  on 
an  hydraulic,  141. 

Coal-mines,  George  Senior  on  the  dimi- 
nution of  accidents  in,  since  the  ap- 
pointment of  Government  inspectors, 
133. 

,  John  Daglish  on  the  counter- 
balancing of  winding  engines  for, 
141. 

Ooal-eeam  in  Coates's  Park  Colliery, 
James  Oakes  on  a  peculiar  denudation 
of  a.  64. 

Cobbold  (Dr.  T.  8.)  on  the  Entozoa  of 
the  dog  in  relation  to  public  health, 
72;  on  the  so-called  cattle-plague 
Entozoa,  89. 

•Collinson  (John)  on  the  Indians  of  the 
Mosquito  territory,  06. 

•Colour,  J.  J.  Cleater  on,  72. 

•Comet  of  1811,  Cornelius  Varley  on 
the,  12. 

Compass,  E.  Hopkins  on  the  depolariza- 
tion of  iron  ships  to  prevent  the  devia- 
tion of  the,  13. 

Complexes  of  the  second  order,  Dr. 
Plucker  on,  6. 

Concrete,  Frederick  Ingle  on  recent  im- 
provements in  the  application  of,  to 
fireproof  constructions,  146. 

Oondylus  Tertius,  C.  Carter  Blake  on  a, 

.  occasionally  observed  in  the  skulls  of 
natives  in  the  Indian  archipelago,  04. 

Conifer©,  W.  Moggridge  on  the  zones 
of  the,  from  the  Mediterranean  to 
the  crest  of  the  Maritime  Alps,  76. 

Cornu  (M.  A.)  on  a  new  geometrical 
theorem  relative  to  the  theory  of  re- 

.  flexion  and  refraction  of  polarized 
light  (isotropic  media),  0. 

Corona  Borealis,  J.  R.  Hind  on  the 
variable  star  lately  discovered  in,  8. 

Cotton  mill,  William  Eairbairn  on  the 

.  means  employed  for  removing  and  re- 
placing in  a  new  position  the  iron 
columns  of  a  fireproof,  141. 

•Crace-Calvert  (Dr.)  on  the  oxidising 
action  of  carbon,  &L 
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Crania,  Pro£  Huxley  on  two  extreme 
forms  of  human,  96. 

Crawfurd  (John)  on  the  migration  of 
cultivated  plants  with  reference  to 
ethnology,  107 ;  on  the  invention  and 
history  of  written  languages,  108. 

• on  Caesar*8  account  of  Britain 

and  its  inhabitants,  107. 

Crimea,  Prof,  Ansted  on  the  physical 
geography  of  the  eastern  part  of  the, 

Crookes  (William)  on  disinfection,  34. 
Cube,  Charles  M.  Willich  on  the  parti- 
tion of  the,  7. 

•Daglish  ( John)  on  the  counterbalancing 
of  winding  engines  for  coal-mines. 
141. 

Dale  (Rev.  T.  R.)  on  dispersion-equi- 
valents, 10. 

Daubeny  (Dr.)  on  ozone,  37;  on  the 
number  of  graduates  in  arts  and  medi- 
cine at  Oxford  for  the  last  two  cen- 
turies, 127. 

•Davis  (Mr.  Barratif)  on  the  large  prime 
number  calculated:  by.  6. 

Davy  (Dr.  J.)  on  the  colour  of  man,  89 ; 
on  the  carbonate  of  lime  in  the  egg- 
shell of  birds  in  a  crystalline  or  amor- 
phous state,  89. 

•Day  (S.  P.)  on  the  power  of  rearing 
children  among  savage  tribes,  96. 

Deep-sea  pressure-gauge,  experiments  off 
Ventnor  with  Mr.  Johnson's,  by  J. 
Glaisher,  24. 

Denudation,  A.  B.  Wynne  on  the  phy- 
sical features  of  the  land  as  connected 
with,  69. 

•Dircks  (H.)  on  steam-boiler  explosions, 
with  suggestions  for  their  investiga- 
tion, 141. 

•Discount,  Prof.  Leone  Levi  on  the  state 
and  prospect  of  the  rate  of,  with  refer- 
ence to  the  recent  monetary  crisis, 
131. 

Disinfection,  William  Crookes  on,  34. 

Dispersion-equivalents,  Dr.  J.  EL  Glad- 
stone and  Rev.  T.  P.  Dale  on,  10. 

Dog,  Dr.  T.  S.  Cobbold  on  the  Entozoa 
of  the,  in  relation  to  public  health,  72. 

•Dolichosaurus,  Govier  Seeley  on  the 
characters  of,  67. 

Dorsetshire,  C.  C.  Blake  on  skulls  from 
round  barrows  in,  94. 

Du  Chaillu  (P.  B.)  on  the  physical  geo- 
graphy and  tribes  of  western  equato- 
rial Africa,  107. 

Dumfriesshire,  II.  A.  Nicholson  on  some 
"v»ssils  from  the  graptolitic  shales  of, 


Dunn  (B.)  on  some  of  the  bearings  of 
archaeology  upon  certain  ethnological 
problems  and  researches,  138. 

Durham  and  Northumberland,  John 
Hogg  on  the  ballast -flora  of  the 
coasts  o^74» 

'Echinoidea  regularia,  C.  Stewart  on 
the  structure  of  the,  79. 

Education,  popular,  the  Rev.  C.  SeweH 
on  hindrances  to  the  success  of,  133. 

•Eggs  of  British  birds,  O.  Groom-Xapter 
on  the  cause  of  the  variation  in  the,  77. 

Electrical  resistance,  C.  F.  Varley  on  a 
new  method  of  testing,  14. 

Elliott  (Sir  Walter)  on  a  proposed  ethno- 
logical congress  at  Calcutta,  100. 

Ellis  (Alexander  J.)  on  plane  stigmatacs, 
1 ;  on  practical  hypsometry,  1. 

•Engines,  rotary,   G.  O.    Hughes  on, 

Entozoa  of  the  dog,  Dr.  T.  S.  Cobbold 
on  the,  in  relation  to  public  health, 
72. 

Entozoa,  Dr.  Cobbold  on  the  so-called 
cattle  plague,  89. 

•Ernst  (A.)  on  the  anthropology  of  Cara- 
cas, 96. 

•Esquimaux,  Vice-Adm.  Sir  Edward 
Belcher  on  stone  implements  of,  94. 

Ethnological  congress  at  Calcutta,  Sir 
Walter  Elliott  on  a  proposed,  109. 

Ethnology,  John  Crawfurd  on  the  mi- 
gration of  cultivated  plants  with  re- 
ference to,  107. 

,  Henry  H.  Howorth  on  some  new 

facts  in  Celtic,  111. 

•Etna,  Prof.  Ansted  on  a  salse  or  mud 
volcano  on  the  flanks  of,  commendog 
to  erupt  in  the  month  of  January  last, 
50. 

Everett  (Prof.  J.  D.)  on  a  new  propor- 
tion-table, equivalent  to  a  sliding-rule 
13  ft.  4  in.  long,  2. 

Fairbairn  (William)  on  the  means  em- 
ployed for  removing  and  replacing  in 
a  new  position  the  iron  columns  of  a 
fireproof  cotton  mill,  141. 

Farrar  (Bev.  F.  W.)  on  the  teaching  of 
science  at  the  public  schools,  72. 

Fat  of  the  animal  body,  J.  B.  Lawes 
and  Dr.  J.  H.  Gilbert  on  the  sources  of 
the,  41. 

Fauna  of  the  Hebrides,  Harry  B.  Brady 
on  the  rhiaopodal,  60. 

Fawcus  (G.),  improvement  in  pontoon 
trains,  14a 

Felix  Lynx,  W.  H.  Hansom  on  the  occur- 
rence of,  as  a  British  fossil,  66*. 
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Felkin  (W.)  on  the  lace  and 
trades  of  Nottingham,  128. 

Fell  (J.  B.)  on  locomotive  engines  and 
carriages  on  the  central  rail  system 
for  making  steep  gradients  and  sharp 
curves,  as  employed  on  the  Mont  Cenis, 
143. 

•Fellows  (F.  P.)  on  certain  errors  in  the 
received  equivalent  of  the  metre,  &c. ,  2. 

Fish,  Dr.  Stevenson  Macadam  on  the 
poisonous  nature  of  crude  paraffin  oil, 
and  the  products  of  its  rectification 
upon,  41. 

Fishes,  Dr.  W.  H.  Ransom  on  the  con- 
ditions of  the  protoplasmic  movements 
on  the  egg  of  osseous,  92. 

•Flame,  N.  P.  Burgh  on  the  action  and 
effect  o£  in  marine  boilers,  140. 

•Flint  flaxes  of  Devon  and  Cornwall, 
C.  Snence  Bate  on  an  attempt  to  ap- 
proximate the  date  of  the,  of  Devon 
and  Cornwall,  60. 

Flint  implements  in  the  gravel  of  the 
Little  Ouse  Valley,  Henry  Brigg,  jun., 
on  the  occurrence  of,  60. 

Flora  of  North  Greenland,  Prof.  Oswald 
Heer  on  the  miocene,  63. 

•Flora,  North  European,  in  the  west  of 
Ireland,  H.  Hennessy  on  the  probable 
cause  of  the  existence  of  a,  74. 

•Flower  (J.»W.)  on  a  Kjokkenmodding 
in  the  island  of  Heron,  96. 

Fluid,  Prof.  John  H.  Jellett  on  a,  pos- 
sessing opposite  rotatory  powers  for 
rays  at  opposite  ends  of  the  spectrum, 

Fluorine,  Walter  Weldon  on  a  proposed 
use  of,  in  the  manufacture  of  soda,  46. 

Fossils,  Henry  Alleyne  Nicholson  on 
some,  from  the  graptolitic  shales  of 
Derbyshire,  08. 

Foster  (Dr.  B.  W.)  on  an  addition  to  the 
sphygmograph,  91;  on  a  peculiar 
cnange  of  colour  in  a  mulatto,  91. 

Foster  (Dr.  C.  Le  Neve)  on  a  curious 
lode  or  mineral  vein  at  New  Rose- 
warne  Mine,  Gwinear,  Cornwall,  62. 

Foster  (Dr.  F.  M. )  on  the  discovery  of 
ancient  trees  below  the  surface  of  the 
land  at  the  western  dock  now  under 
construction  at  Hull,  62. 

Friction,  Prof.  W.  J.  M.  Rankine  on  the 
theory  of  the  influence  of,  upon  the 
mechanical  efficiency  of  steam,  147. 

Gainsford  (W.  D.)  on  an  invention  for 
the  purpose  of  attaining  greater  adhe- 
sion between  the  driving-wheel  and 
the  rail,  143 ;  on  a  newly  invented 
system  of  ordnance,  144. 


•Galloway  (G.  Bell)  on  inventors  and 
inventions,  131. 

Galton  (Capt.  Douglas)  on  the  Chalmers 
target,  146. 

Galton  (Francis J  on  an  error  in  the  usual 
method  of  obtaining  meteorological 
statistics,  16;  on  the  conversion  of 
wind-charts  into  passage-charts,  17. 

Gamgee  (Dr.  A.)  on  the  action  of  car- 
bonic oxide  on  the  blood,  91. 

Garner  (R.)  on  the  power  which  some 
rotifers  have  of  attaching  themselves 
by  means  of  a  thread,  73. 

Gasterosteus  Leiurus,  Dr.  W.  H.  Ran- 
som on  the  structure  and  growth  of 
the  ovarian  ovum  in  the,  77. 

Gestation,  Prof.  W.  Turner  on  a  remark- 
able mode  of,  in  an  undescribed  species 
of  Arius,79. 

Gibb  (Dr.  George  Duncan)  on  the  great 
arterial  blood-vessels,  73. 

Gilbert  (Dr.  J.  H.)  on  the  accumulation 
of  the  nitrogen  of  manure  in  the  soil, 
40 ;  on  the  sources  of  the  fat  of  the 
animal  body,  41. 

Gladstone  (Dr.  J.  H.)  on  dis^ersion-eaui- 
valents,  10;  on  the  refraction-  and  dis- 
persion-equivalents of  chlorine,  bro- 
mine, and  iodine,  37. 

Glaisher  (James),  experiments  off  Vent- 
nor  with  Mr.  Johnson's  deep-sea 
pressure-gauge,  24. 

Goawin-Austen  (Capt.  H.  EL)  on  the 
district  of  Lake  Pangong,  in  Tibet, 
100. 

Goldsmid  (CoL  F.  J.)  in  Eastern  Persia 
and  Western  Beeloochistan,  110. 

Greenland,  Prof,  Oswald  Heer  on  the 
miocene  flora  of  North,  63. 

Greensand,  lower,  of  Bedfordshire,  J.  F. 
Walker  on  the,  07. 

•Groom-Napier  (O.)  on  the  food  and 
economical  value  of  British  butter- 
flies and  moths,  76;  on  the  variation 
in  the  eggs  of  British  birds,  77. 

Grove  (G).,  report  of  the  Palestine  Ex* 
ploration  Fund,  110. 

Gunn  (Rev.  G.>  on  the  Anglo-Belgian 
basin  of  the  forest-bed  of  Norfolk  and 
Suffolk,  and  the  union  of  England 
with  the  Continent  during  the  glacial 
period,  62. 

Gwinear,  Cornwall.  Dr  .C.  LeNeve  Foster 
on  a  curious  lode  or  mineral  vein  at 
New  Rosewarne  Mine,  62, 

Harley  (The  Rev.  Prof.  R.)  on  differential 
resolvents,  2 ;  on  Tschirnhausen's  me* 
thod  of  transformation  of  algebraic 
equations,  and  some  of  its  modern 
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extensions,  3 ;  on  Boole's  mathemati- 
cal analysis  of  logic,  3. 
Harrison  (J.  Park)  on  the  heat  attained 
by  the  moon  under  solar  radiation, 

*Haughton  (E.  P.)  on  the  land  Dayas  of 
Upper  Sarawak,  90. 

Hawksley  (Thomas),  Address  as  Presi- 

.  dent  of  Section  G,  180. 

*Heat  evolved  by  electric  currents,  J. 
P.  Joule  on  the  mechanical  equivalent 
of  the  thermal  unit  by  experiments  on 
the,  12. 

•Heart,  Dr.  Sibson  on  the  movements, 
structure,  and  sounds  of  the,  02. 

Hebrides,  Henry  B.  Brady  on  the  rhizo- 
podal  tauna  of  the,  69. 

* ,  Dr.  Carpenter  on  marine  animals 

from  the,  72. 

* ,  Rev.  A.  Merle  Norman  on  the 

Crustacea,  Echinodermata,  Polysoa, 
and  Coelenterata  of  the,  77. 

*IIedley  (Edward)  on  the  sinking  of 
Annesley  Collierv,  62. 

Ileer  (Prof.  Oswald)  on  the  miocene 
flora  of  North  Greenland,  63. 

*Hennessy  (Prof.)  on  meteoric  showers 
considered  with  reference  to  the  mo- 
tion of  the  solar  system,  21  j  on  the 
diurnal  period  of  temperature  in  rela- 
tion to  other  physical  and  meteoro- 
logical phenomena,  21. 

•Hennessy  (H.)  on  the  probable  cause 
of  the  existence  of  a  North  Euro- 
jean  flora  in  the  West  of  Ireland, 

Heywood  (James)  on  the  subjects  re- 
quired in  the  classical  tripos  examina- 
tion in  the  Trinity  College  Fellowship 
examination  at  Cambridge,  181. 

•Hieroglyphs,  W.  Bollaert  on  Central 
American,  96. 

Hind  (J.  R.)  on  the  variable  star  lately 
discovered  in  Corona  Borealis,  8. 

Hitchcock  (Prof.  C.  H.)  on  the  geo- 
logical distribution  of  petroleum  in 
North  America,  66. 

•Hoare  (John)  on  the  oyster  fisheries  in 
Ireland,  74. 

Hofmann  (M.)  on  a  new  telemeter;  a 
new  polarimeter;  a  new  polarising 
microscope ;  and  various  spectroscopes, 

.  27. 

Hogg  (John)  on  the  ballast-flora  of  the 
coasts  of  Durham  and  Northumber- 
land, 74. 

Holmes  (N.  J.)  on  the  North  Atlantic 
telegraph,  27. 

Hooper  (W.)  on  the  electrical  and  me- 
chanical properties  of  Hooper's  india- 


rubber  insulated  wire,  13 ;  for  subma- 
rine cables,  146. 

•Hopkins  (£.)  on  the  depolarization  of 
iron  ships,  to  prevent  the  deviation  of 
the  compass,  18. 

Howorth  (Henry  £L)  on  some  new  facts 
in  Celtic  ethnology,  111. 

•  Hughes  (G.  0.)  on  rotary  engines,  with 

rial  reference  to  one  invented  by 
Hall,  146. 

Hull,  Dr.  F.  M.  Foster  on  the  discovery 
of  ancient  trees  below  the  surface  of 
the  land  at  the  western  docknow  under 
construction  at,  62. 

Humphry,  Professor,  Address  as  Presi- 
dent of  Subsection  D,  81. 

Hunt  (Dr.  J.)  on  the  cranial  measure- 
ments, &c.  of  modern  Norwegians, 

• on  the  principle  of  natural  selec- 
tion applied  to  anthropology,  96. 

•Hutchinson  (Consul  T.  J.)  on  the  In- 
dians of  the  Parana,  96. 

Huxley  (Professor)  on  two  extreme  forms 
of  human  crania,  96. 

Hyperelliptic  functions,  W.  H.  L.  Rus- 
sell on  the,  6. 

Hypsometry,  Alexander  J.  Ellis  on 
practical!  1. 

•India.  Clements  R.  Markbam  an  the 
cinchona  cultivation  in,  76. 

,  Colonel  Sykes  on  the  statistics  of 

the  charitable,  educational,  industrial, 
and  public  institutions  founded  by  the 
native  gentry  of,  during  the  last  five 
years,  183. 

India-rubber  insulated  wire  for  sub- 
marine cables,  W.  Hooper  on  the 
electrical  and  mechanical  properties 
of,  146. 

Indus,  Col.  Tremenheere  on  the  physical 
geography  of  the  Lower,  117. 

Ingle  (Frederick)  on  recent  improve- 
ments in  the  application  of  concrete 
to  fireproof  constructions,  146. 

Insects  at  Barrow,  the  Rev.  P.  B.  Drodie 
on  the  remains  of,  61. 

Insulated  wire,  india-rubber,  W.  Hooper 
on  the  electrical  and  mechanical  pro- 
perties of,  13. 

Intoxicating  liquors  consumed  by  the 
people  of  the  United  Kingdom  in 
1866,  Mr.  Wilkinson  on  the,  137. 

•Inventors  and  inventions,  Q.  Bell  Gal- 
loway on,  181. 

Iodine,  J.  H.  Gladstone  on  the  refraction  - 
and  dispersion-equivalents  of,  37. 

•Ireland,  John  Hoare  on  the  oyster 
fisheries  in,  74. 
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•Irish  Lake  dwelling,  W.  Tennant  on 
the  traces  of  an,  79. 

Irish,  Dr.  J.  Beddoe  on  the  stature  and 
bulk  of  the,  ©4. 

Iron  stone,  Dr.  T.  L.  Phipson  on  an  ex- 
traordinary, 43. 

Janssen  (Dr.  J.),  spectroscope  de  poche, 
10 ;  sur  le  spectre  atmospnerique  ter- 
restre  et  celin  de  la  vapeur  d'eau,  11* 

Jellett  (Pro!  John  H.)  on  a  fluid  posses- 
sing opposite  rotatory  powers  for  rays 
at  opposite  ends  of  the  spectrum,  12. 

Jenkin  (Fleeming)  on  a  new  arrange- 
ment for  picking  up  submarine  cables, 
146. 

Johnson's  (Mr.)  deep-sea  pressure-gauge 
experiments  off  Ventnor  with,  By 
James  Glaisher,  24. 

Johnson's  (W.  H.)  explorations  from 
Leh,  in  Cashmere,  to  Khotan,  in 
Chinese  Tartary,  111. 

Jones  (H.  Bence),  Address  as  President 
of  Section  E,  28  j  on  the  chemical  ac- 
tion of  medicines,  88. 

•Joule  (J.  P.)  on  the  mechanical  equi- 
valent of  the  thermal  unit  by  experi- 
ments on  the  heat  evolved  by  electric 
currents,  12* 

Joyce  (J.  G.)  on  the  practicability  of 
employing  %  a  common  notation  for 
electric  telegraphy,  131. 

Kaffirs  of  Natal,  Dr.  B.  J.  Mann  on  the, 

112. 
Kura,  Dr.  Beke  on  the  lake,  of  Arabian 

geographers  and  cartographers,  104 

Lace  and  hosiery  trades  of  Nottingham, 
W.  Felkinonthe,  128. 

•Lagneau  (M.  G.)  on  the  Saracens  in 
France,  96. 

•Lahoro,  Prof.  Leitner  on  papers  from, 
90. 

Lamp,  H.  Larkin  on  a  magnesium,  40. 

Lands,  waste,  Frederick  Wilson  on  the 
occupation  and  ownershin  of,  187. 

Languages,  John  Crawfura  on  the  in- 
vention and  history  of  written,  106. 

Lankester  (E.  Ray)  on  the  asexual  re- 
production and  anatomy  of  Chnto- 
gaster  vermicularis,  74. 

Larkin  (H.)on  a  magnesium  lamp,  40. 

Lawes  (J.  B.)  on  the  accumulation  of 
the  nitrogen  of  manure  in  the  soil, 
.  40;  on  the  sources  of  the  fat  of  the 
animal  body,  41. 

•Lead,  white,  Peter  S pence  on  a  new 
process  in  the  manufacture  of,  44. 

Leh,  in  Cashmere,  explorations  from,  to 


Khotan,  in  Chinese  Tartary,  by  W. 
H.  Johnson,  111. 

Leichhardt,  Sir  R.  I.  Murchison,  Bart,  on 
the  reported  discovery  of  the  remains 
of,  in  Australia,  114. 

•Leitner  (Prof.)  on  papers  from  Lahore, 
96. 

•LemnA  arrhiza,  W.  Moggridge  on  the 
occurrence  of,  in  Epping  Forest,  76. 

Lenses,  A.  Claudet  on  a  variable  dia- 
phragm for  telescopes  and  photogra- 
phic, 23. 

•Levi  (Professor  Leone)  on  the  state  and 
prospects  of  the  rate  of  discount  with 
reference  to  the  recent  monetary  crisis, 
181. 

Light,  polarised,  M.  A.  Cornu  on  a  new 
geometrical  theorem  relative  to  the 
theory  of  reflexion  and  refraction  of, 
9. 

Limpopo  river,  South-east  Africa,  Thos. 
Baines  on  the  probable  result  of  the, 
100.  * 

limulus,  Henry  Woodward  on  some 
points  in  the  structure  of,  79. 

Lithosia  caniola,  Dr.  E.  P.  Wright  on, 
80. 

Liverpool,  the  Rev.  William  Caine  on 
the  free  licensing  system  in,  during 
the  last  four  years.  124. 

Logic,  the  Rev.  Proi.  Harley  on  Boole's 
mathematical  analysis  of,  3. 

Lord  (J.  K.)  on  the  Indians  of  Van- 
couver Island,  75. 

•Lower  greensand  of  Bedfordshire,  J. 
F.  Walker  on  a  phosphatic  deposit  in 
the,  46.  ^ 

Macadam  (Dr.  Stevenson)  an  the  poison- 
ous nature  of  crude  paraffin  oil,  and 
the  products  of  its  rectification  upon 
fish,  41. 

Mackie  (Samuel  J.)  on  sine  sheathing 
for  ships,  146. 

•Madagascar,  notes  on,  by  T.  Wilkinson! 
97. 

,  Dr.  Ryan  on  the  N.E.  province  cf, 

lie. 

Madeira  group,  R.  H.  Major  on  priority 

in  discovery  of  the,  112. 
Magnesium  lamp,  H.  larkin  on  a,  40. 
Major  (R.  H.)  on  priority  in  discovery 

of  the  Madeira  group,  112. 
Man,  Dr.  J.  Davy  on  tue  colour  a£  89. 

• ,  C.  S.  Wake  on  the  antiquity  of, 

•  in  relation  to  comparative  geology, 

•Man's  past  and  present  condition,  J. 
Reddie  on  the  various  theories  of, 
115. 
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Manchooria,  Colonel  Sykes  on  modes  of 
bankmg  in,  134. 

•Mann  (Dr:  Robert)  on  the  mental  and 
moral  characteristics  of  the  Zulu 
Kaffirs  of  Natal,  96. 

Mann  (Dr.  R.  J.)  on  the  Kaffirs  of  Natal. 
112 ;  on  the  physical  geography  and 
climate  of  Natal,  113. 

Manure,  J.  B.  Lawes  and  Dr.  J.  H.  Gil- 
bert on  the  accumulation  of  nitrogen 
of,  in  the  soil,  40. 

•Markham  (Clements  R.)  on  the  cin- 
chona cultivation  in  India,  75. 

on  the  Aleppy  mud  bank,  113. 

•Marvar  tribes  of  India,  Dr.  J.  Shortt 
on  the  habits  and  manners  of  the,  97. 

'M'Gauley  (J.  M.)  on  the  nature  and 
properties  of  ozone  and  autosome  de- 
monstrated experimentally,  38. 

M'Intosh  (Dr.  W.  C.)  on  a  new  mollua- 
coid  animal  allied  to  Pelonaia,  75; 
list  of  Turbellaria  and  Annelida  of 
North  Uisty  76  j  on  a  rare  molluscoid 
animal  (Pelonaia  corrugata).  76. 

Mechanics*  Institutions,  E.  Renals  on 
the  influence  of  science  classes  in,  131. 

Medicines,  Dr.  H.  Bence  Jones  on  the 
chemical  action  of,  38. 

— ,  Dr.  William  Sharp  on  the  physio- 
logical action  of,  38. 

Meridian,  W.  J.  Macquorn  Rankine  on 
a  table  of  pain  of  stars  for  approxi- 
mately finding  the,  21. 

•Meteorological  observations,  Dr.  Buys- 
Ballot  on  the  method  adopted  at 
Utrecht  in  discussing,  16. 

Meteorological  statistics,  Dr.  Buys-Ballot 
on  an  error  in  the  usual  method  of 
obtaining,  16. 

•Metre,  F.  P.  Fellows  on  certain  errors 
in  the  received  equivalent  of  the,  2. 

Mineral  vein  at  New  Rosewarne  Mine, 
Gwinear,  Cornwall,  Dr.  C.  Le  Neve 
Foster  on  a,  52. 

•Moggridge  (W.)  on  the  occurrence  of 
Lemna  arrhiza  in  Epping  Forest, 
76. 

—  on  the  zones  of  the  conifer©  from 
the  Mediterranean  to  the  crest  of  the 
maritime  Alps,  76. 

Mont  Cenis,  Jt  B.  Fell  on  locomotive 
engines  and  carriages  on  the  central 
rail  system  for  working  steep  gradients 
and  sharp  curves,  as  employed  on  the, 
143. 

Moon,  J.  Park  Harrison  on  the  heat  at- 
tained by  the,  under  solar  radiation, 
20. 

•Mosquito  territory,  John  Collinson  on 
the  Indians  of  the,  96. 


•Mosses  in  Great  Britain  and  Ireland, 
John  Shaw  on  the  distribution  of. 
79. 

Mulatto,  Dr.  R  W.  Foster  on  a  peculiar 
change  of  colour  in  a,  91. 

•Multiples  and  suhmultiplea,  G.  J.  Stoney 
on  a  nomenclature  for,  tf. 

Murchison  (Sir  Roderick  L,  Bart)  on 
the  parts  of  England  and  Wales  in 
whicn  coal  may  and  may  not  be  looked 
for  beyond  the  known  coal-fields,  57 ; 
on  the  reported  discovery  of  the  re- 
mains of  Leichhardt  in  Australia. 
114. 

•Mushet  (R.)  on  the  treatment  of  melted 
cast  iron  and  its  conversion  into  iron 
and  steel  by  the  pneumatic  process. 
147.  * 

Natal,  Dr.  R.  J.  Mann  on  the  Kaffirs  o£ 
112 ;  on  the  physical  geography  and 
climate  of,  113. 

•National  bank  and  payment  of  the  na- 
tional debt,  F.  J.  Wilson  on,  137. 

Negro  tribes  of  Central  Africa,  Sir  S. 
W.  Baker  on  the  character  of  the, 
104. 

Nicholson  (Sir  Charles,  Bart).  Address 
as  President  of  Section  E,  98. 

Nicholson  (Henry  Allevne^  on  some  fos- 
sils from  the  graptolitic  snales  of  Dum- 
friesshire, 163. 

Nile,  Dr.  Beke  on  the 
ingthe  waters  of 
Sea,  105. 

,  Sir  W.  S.  Baker  on  the  relations 

of  the  Abyssinian  tributaries  of  the, 
and  the  equatorial  lakes  to  the  inun- 
dations of  Egypt,  102. 

Nitrogen  of  manure  in  the  soil,  J.  B. 
Lawes  and  Dr.  J.  H.  Gilbert  on  the 
accumulation  of  the,  40. 

♦Nomenclature,  scientific,  Thomas 
Brown  on  the  application  of  the 
Greek  and  Latin  languages  to,  70L 

Norfolk  and  Suffolk,  Kev.  J.  Gram  on 
the  Anglo-Belgian  basin  of  the  finest- 
bed  of,  52. 

,  John  E.  Taylor  on  the  upper  and 

lower  crags  in,  67. 

♦Norman,  Kev.  A.  Merle  on  the  Crus- 
tacea, Echmodermata,  Poryzoa,  and 
Coelenterata  of  the  Hebrides,  77. 

North  Uist,  Dr.  W.  C.  M'Intosh  on  Tur- 
bellaria and  Annelida  of,  76. 

Norwegians,  Dr.  J.  Hunt  on  the  cra- 
nial measurements,  &c,  of  modem, 
96. 

Nottingham,  Joseph  White  on  the  sta- 
tistics of  the  General  Hospital,  135. 
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Nottingham,  W.  Felkin  on  the  lace  and 
hosiery  trades  of,  128. 

Oakes  (James)  on  a  peculiar  denudation 
of  a  coal-seam  in  Coatee's  Park  Col- 
liery, 64. 

Oil,  Dr.  J.  A  tt field  on  the  assay  of  coal, 
«c.  for  crude  paraffin,  33. 

,Dr.  Stevenson  Macadam  on  the  poi- 
sonous nature  of  crude  paraffin,  and 
the  products  of  its  rectification  upon 
fish,  41. 

♦Optics  of  photography,  Antoine  Clau- 
aet  on,  9. 

Ordnance,  W.  D.  Qainsford  on  a  newly 
invented  system  of,  144. 

— ,  Capt.  \Vvnant  on  barytic  powder 
for  heavy,  148. 

Oxford,  Dr.  Daubeny  on  the  number  of 
graduates  in  arts  and  medicine  at,  for 
the  last  two  centuries,  127. 

Oyster  cultivation,  F.  Buckland  on,  70. 

*— —  fisheries  in  Ireland,  John  Iloare 
on  the,  74. 

♦Ozone  and  antozone,  J.  M.  M'Gaulay 
on  the  nature  and  properties  of,  de- 
monstrated experimentally,  38. 

Ozone,  Dr.  Daubeny  on,  37. 

Palestine  Exploration  Fund,  report  by 

G.  Grove,  110. 
Palgrave  (W.  G.)  on  North  and  South 

Arabia,  114. 
Pangong,  Capt.  H.  II.  Godwin-Austen 

on  the  district  of  Lake,  in  Tibet, 

100. 
Paraffin  oil,  Dr.  J.  Attfield  on  the  assay 

of  coal,  &c  for  crude,  33. 
.  Dr.  Stevenson  Macadam  on  the 

poisonous  nature  of  crude,  and  the 

products  of  its  rectification  upon  fish, 

41. 
♦Parana,  Consul  T.  J.  Hutchinson  on 

the  Indians  of  the,  96. 
Payne    (Rowland    William)    on    the 

Transvaal  district  of  South  Africa, 

114. 
Peach  (Charles  W.)  on  the  list  of  fossils 

found  in  the  boulder-clay  of  Caithness, 

N.B..  64. 
Peacock  (R  A.)  on  the  change  of  form 

and  position  of  land  on  the  south  end 

of  the  Isle  of  Walney,  66. 
Pelonaia,  Dr.  C.  M'Intosh  on  a  new 

molluseoid  animal  allied  to,  75, 76. 
Pengelly  (W.)  on  raised  beaches,  66. 
♦People,  F.  J.  Wilson  on  classification 

of  the   various  occupations  of  the. 

188. 
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•Pera,  Southern,  W.  Bollaert  on  ancient 
engravings  on  stone  from,  96. 

Persia,  CoL  F.  G.  Goldsmid  in  Eastern, 
110. 

•Petroleum.  Prof.  Ansted  on  intermit- 
tent discharges  of,  in  the  Valley  of 
Pescara,  Italy,  60. 

,  North  America^  Prof.  C.H.  Hitch- 
cock on  the  geological  distribution  of, 
66. 

Phipson  (Dr.  T.  L.)  on  an  extraordinary 
iron  stone,  43. 

Photographic  lenses,  A.  Claudet  on  a 
variable  diaphragm  for  telescopes  and, 
23. 

♦Photography,  optics  of,  Antoine  Clau- 
det on,  6.  " 

♦Plant  (J.)  on  human  remains  from 
Poole's  Cavern,  97. 

Plants,  John  Crawfurd  on  the  migra- 
tion of  cultivated,  with  reference  to 
ethnology,  107. 

Playfair  (Dr.  Lyon)  on  the  origin  of 
muscular  force  in  animals,  43. 

•Plesiosaurus,  Govier  Seeley  on  some 
characters  of  the  brain  and  skull  in,  66. 

Plucker  (Dr.)  on  complexes  of  the  se- 
cond order,  6. 

•Pneumatic  process,  R.  Mushet  on  the 
treatment  of  melted  cast  iron  and  its 
conversion  into  iron  and  steel  by  the. 
147. 

propulsion,  M.  Bergeron  on  a  sy- 
stem of,  140. 

•Polariscope,  demonstrating;  J.  F.  Tay- 
lor on  a  defect  in  the.  with  a  simple 
and  effective  remedy,  28. 

Pontoon  trains,  G.  Fawcus  on  improve- 
ments in,  143. 

•Poole's  Cavern,  J.  Plant  on  human  re- 
mains from,  97. 

•Poor  man's  garden,  N.  B.  Ward  on 
the,  79. 

Population,  the  Rev.  A.  Worthington  on 
the  disproportion  between  the  male 
and  female,  of  some  manufacturing 
and  other  towns,  138. 

Pronghorn,  Dr.  P.  L.  Sclater  on  the  sys- 
tematic position  of  the,  77. 

Property,  real.  Thomas  Browne  on  the 
transfer  of,  124. 

Proportion-table,  Prof.  J.  D.  Everett  on 
a  new,  2. 

Rail,  W.  D.  Gainsford  on  an  invention 
for  the  purpose  of  attaining  greater 
adhesion  between  the  driving-wheel 
and  the,  143. 

Ramsay  (Professor  A.  C),  Address  as 
President  of  Section  C,  46. 
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♦Rankine  (Pio£  W.  J.  M.)  on  a  table 
of  pairs  of  stars  for  approximately 
finding  the  meridians,  21 ;  on  the  ex- 
periments of  the  Committee  upon  the 
resistance  of  water  to  floating  and  im- 
mersed bodies,  147 ;  on  the  theory  of 
the  influence  of  friction  upon  the  me- 
chanical efficiency  of  steam,  147. 

Ransom  (Dr.  W.  H.)  on  the  occurrence 
of  Felie  Lynx  as  a  British  fossil.  66 ; 
on  the  structure  and  growth  or  the 
ovarian  ovum  in  the  Gasterosteus 
Leiurus,  77 ;  on  the  condition  of  the 
protoplasmic  movements  in  the  egg 
of  osseous  fishes,  92. 

•Reddie  (J.)  on  the  various  theories  of 
man's  past  and  present  condition,  114. 

Red  Sea,  Dr.  Beke  on  the  island  of  St. 
John  in  the,  60. 

,  Dr.  Beke  on  the  possibility  of 

turning  the  waters  of  the  Nile  into 
the,  105. 

Renals  (£.)  on  the  influence  of  science 
classes  in  mechanics'  institutions,  131. 

Rent,  Charles  Tebbutt  on  the  violation 
of  the  principles  of  economic  science 
caused  by  the  law  of,  135. 

Resolvents,  the  Rev.  Prof.  R.  Harley 
on  differential,  2. 

Rhffltic  beds,  near  Gainsborough  and  the 
surrounding  strata,  F.  M.  Burton  on 
the  occurrence  of  the,  51. 

•Richardson  (Dr.)  on  physiological  de- 
monstrations of  local  insensibility,  92 ; 
on  the  comparative  vitality  of  the 
Jewish  and  Christian  races,*  92. 

•Rivers,  Col.  Sir  J.  E.  Alexander  on 
the  effect  of  the  pollution  of,  89. 

Rogers  (Prof.  James  E.  Thorold),  Ad- 
dress as  President  of  Section  F,  117. 

Ronay  (Dr.  II.)  on  the  Voguls,  115. 

Rotifers.  R.  Garner  on  the  powers  which 
some  have  of  attaching  themselves  by 
means  of  a  thread,  73. 

Russell  (W.  H.  L.)  on  the  hvnerelliptic 
functions,  Gopel  and  Weierstrass's 
systems,  6. 

Ryan  (Dr.)  on  the  North-east  province 
of  Madagascar,  116. 

Salmon  river,  Frank  Buckland  on  the 
scientific  cultivation  of  a,  71. 

•Santorin,  Commander  Lindsay  Brine 
on  the  eruption  at,  107. 

•Saracens  in  France,  M.  G.  Lagneau  on 
the,  90. 

•Sarawak,  E.  P.  Haughton  on  the  land 
Dayas  of  Upper,  96. 

Savage  tribes.  Edward  B.  Tylor  on  phe- 
nomena  of  the   higher    civilization 


traceable  to  a  rndimental  origin 
among,  97. 

Science,  Rev.  F.  W.  Farrar  on  the 
teaching  of,  at  public  schools,  72. 

Sclater  (Or.  P.  £.)  on  the  systematic 
position  of  the  Pronghorn  (AntQo- 
capra  americana),  77. 

•Scott  (W.  L.)  on  the  presence  of  am- 
monia and  its  homologies  in  the  blood, 
92. 

•Seeley  (Govier)  on  some  characters  of 
the  Drain  and  skull  in  PlesiosauTus, 
66 ;  on  the  characters  of  Dolichosau- 
rus,  a  lizard-like  serpent  of  the  chalk, 
67 ;  on  the  carstone,  67. 

Senior  (George)  on  tie  diminution  of 
accidents  in  coal-mines  since  the  ap- 

? ointment  of  Government  inspectors, 

Sewell  (Rev.  C.)  on  hindrances  to  the 
success  of  popular  education,  133. 

Shales,  flrraptolitic,  of  Duinfriesahire, 
H.  A.  Nicholson  on  some  fossils  from 
the,  63. 

Sharp  (Dr.  William)  on  the  physiologi- 
cal action  of  medicines,  92. 

•Shaw  (John)  on  the  distribution  of 
mosses  in  Great  Britain  and  Ireland, 
79. 

Ships,  Samuel  J.  Mackie  on  zinc  sheath- 
ing for,  146. 

•Shortt  (Dr.  J.)  on  the  habits  and  man- 
ners of  the  Marvar  tribes  of  India,  97. 

•Sibson  (Dr.)  on  the  movements,  struc- 
ture, and  sounds  of  the  heart,  93. 

Skulls  from  round  barrows  in  Dorset- 
shire, C.  C.  Blake  on,  94. 

•Smith  (H.  J.  8.)  on  a  property  of  sur- 
faces of  the  second  order,  6  ;  on  the 
large  prime  number  calculated  by  Mr. 
Barratt  Davis,  6. 

Soda,  Walter  Weldon  on  a  proposed  use 
of  fluorine  in  the  manufacture  ofL  46. 

Soil,  J.  B.  Lawes  and  Dr.  J.  H.  Gilbert 
on  the  accumulation  of  the  nitrogen 
of  manure  in  the,  40. 

Solar  radiation,  J.  Park  Harrison  on  the 
heat  attained  by  the  moon  under,  20. 

•Solar  system,  Prof.  Hennessy  on  mete- 
oric showers  considered  with  reference 
to  the  motion  of  the,  21. 

Spectre  atmospherique  terrestre,  Dr.  J. 
Janssen  sur  le,  et  celui  de  la  vapeur 
d'eau,  11. 

Spectroscope  de  poche,  Dr.  J.  Janssen 
sur  le,  10. 

Spectrum,  Prof.  John  H.  Jellett  on  a 
fluid  possessing  opposite  rotatory 
powers  for  rays  at  opposite  ends  of 
the,  12. 
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•Spence  (Peter)  on  a  new  process  in  the 
manufacture  of  white  lead,  44. 

Sphvgmograph,  Dr.  B.  W.  Foster  on  an 
addition  to  the,  91. 

Star,  variable,  J.  K.  Hind  on  the,  lately 
discovered  in  Corona  Borealis,  8. 

Steam,  Prof.  W.  J.  M.  Rankine  on  the 
theory  of  the  influence  of  friction  upon 
the  mechanical  efficiency  of,  147. 

•Steam-boiler  explosions,  H.  Dircks  on, 
141.  ' 

Stereoscope,  magnifying,  A.  Claudet  on 
a,  with  a  single  lens,  23. 

Stewart  (Balfour),  letter  from  Senhor 
Capello  on  magnetic  disturbance,  18. 

•Stewart  (C.)  on  the  structure  of  the 
Echinoidea  regularia,  70. 

Stigmatics,  plane,  Alexander  J.  Ellis 
on,  1. 

Stone,  Dr.  T.  L.  Phipson  on  an  extraor- 
dinary iron,  43. 

•Stoney  (Q.  J.)  on  a  nomenclature  for 
multiples  and  submultiples  to  render 
absolute  standards  convenient  in  prac- 
tice, and  on  the  fundamental  unit  of 
mass,  6. 

Submarine  cables,  Fleeming  Jenkin  on 
a  new  arrangement  for  picking  up, 
145. 

•Surfaces  of  the  second  order,  H.  J.  S. 
Smith  on  a  property  of,  6. 

Sykes  (Colonel),  statistics  of  the  chari- 
table, educational,  industrial,  and  pub- 
lic institutions  founded  by  the  native 
gentry  of  India  during  the  last  five 
years,  133 ;  on  modes  of  banking  in 
America,  Manchooria,  and  China,  134. 

•Talpa  Europiea,  C.  Spence  Bate  on  the 
dentition  of,  69. 

Target,  Capt.  Douglas  on  Chalmers.  145. 

Taylor  ( Jonn  E.)  on  the  upper  and  lower 
crags  in  Norfolk,  67. 

•Taylor  (J.  T.)  on  a  defect  in  the  de- 
monstrating polariscope,  with  a  sim- 
ple and  effective  remedy ;  28. 

Tebbutt  (Charles)  on  the  violation  of  the 
principles  of  economic  science  caused 
oy  the  law  of  distraint  for  rent,  135. 

Telegraph',  N.  J.  Holmes  on  the  North 
Atlantic,  27. 

Telegraph  Expedition,  T.  Whymper  on 
the  progress  of  the  Russo- American, 
vid  Behring's  Straits,  117. 

Telegraphy,  electric,  J.  G.  Joyce  on  the 
practicabilitywof  employing  a  common 
notation  for,  131. 

Telescopes,  John  Browning  on  some  re- 
cent improvements  in  astronomical, 
with  silvered  glass  specula,  22. 


Telescopes  and  photographic  lenses,  A. 
Claudet  on  a  variable  diaphragm  for. 
23. 

•Temperature,  Prof.  Hennessy  on  the 
diurnal  period  of,  in  relation  to  other 
physical  and  meteorological  pheno- 
mena, 21. 

•Tennant  (W.)  on  the  traces  of  an  Irish 
lake  dwelling  found  by  Capt.  L'Es- 
trange  in  the  county  of  Cavan,  79. 

Thomson  (J.)  on  the  ruined  temples  of 
Cambodia,  116. 

Tomlinson  (Prof.  C.)  on  some  pheno- 
mena connected  with  the  melting  and 
solidifying  of  wax,  44. 

•Topley  ( W.)  on  the  physical  geography 
of  East  Yorkshire,  67. 

Tremenheere  (Colonel)  on  the  physical 
geography  of  the  Lower  Indus,  117. 

Tschirnhausen's  method  of  transforma- 
tion of  algebraic  equations,  and  some 
of  its  modern  extensions,  the  Rev. 
Prof.  R.  Harley  on,  2. 

Turner  (Prof.  W.)  on  a  remarkable  mode 
of  gestation  in  an  undescribed  species 
of  Arius,  79. 

Tylor  (Edward  B.)  on  phenomena  of  the 
higher  civilization  traceable  to  a  nidi* 
mental  origin  among  savage  tribes, 

Vancouver  Island,  J.  K.  Lord  on  the  In- 
dians ol  75. 

• ,  E.  B.  Bogg  on  fishing  Indians  of, 

96. 

•Varley  (Cornelius)  on  comets,  and 
especially  on  the  comet  of  1811, 12. 

Varley  (C.  F.)  on  a  new  method  of  test- 
ing electrical  resistance,  14. 

on  certain  phenomena  which  pre- 
sented themselves  in  connexion  with 
the  Atlantic  cable,  14. 

•Vegetable  matter.  Admiral  Sir  E.  Bel- 
cher on  the  application  of  the  expan- 
sive power  of  moistened,  to  the  rais- 
ing of  weights,  140. 

Voguls,  Dr.  II.  Rdnay  on  the,  115. 

•Wake  (C.  S.)  on  the  antiquity  of  man 
in  relation  to  comparative  geology,  97. 

•Walker  (J.  F.)  on  a  phosphatic  depo- 
sit in  the  lower  greensand  of  Bedford- 
shire, 45 ;  on  the  lower  greensand  of 
Bedfordshire,  67. 

Wallace  (A.  R.)  on  reversed  sexual  cha- 
racters in  a  butterfly,  79 ;  Address  as 
President  of  Subsection  D,  93. 

Walney,  R.  A.  Peacock  on  the  change 
of  form  and  position  of  land  on  the 
south  end  of  the  isle  of,  66. 
11* 
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•Ward  (N.  B.)  on  the  poor  man's  garden, 
79. 

Water,  Prof.  W.  J.  M.  Rankine  on  the  ex- 
periments of  the  Committee  upon  the 
resistance  of,  to  floating  and  immersed 
bodies,  147. 

Waters,  Alfred  Bird  on  the  purification 
of  terrestrial  drinking,  with  neutral 
sulphate  of  alumina,  S3. 

Wax,  Prof.  0.  Tomlinson  on  some  phe- 
nomena connected  with  the  melting 
and  soUdirvingof,  44. 

•Weaver  Hills,  12.  Brown  on  the  drift 
deposit  on  the,  51. 

Welaon  (Walter)  on  a  proposed  use  of 
fluorine  in  the  manufacture  of  soda, 
46. 

White  (Joseph)  on  the  statistics  of  the 
General  Hospital,  Nottingham,  135. 

Whymper  (F.)  on  the  progress  of  the 
Russo- American  telegraph  expedition 
rid  Behring's  Straits,  117. 

•Wilkinson  (T.),  notes  on  Madagascar, 
97. 

Wilkinson  (Mr.)  on  the  intoxicating 
liquors  consumed  by  the  people  of  the 
United  Kingdom  in  1865, 137. 

Willich  (Charles  M.)  on  the  partition  of 
the  cube,  and  some  of  the  combina- 
tions of  its  parts,  7. 

Wilson  (Frederick}  on  the  occupation 
and  ownership  or  waste  lands,  137. 


•Wilson  (F.  J.)  on  a  national  bank  and 
payment  of  the  national  debt,  137; 
on  classification  of  the  various  occu- 

Wpations  of  the  people,  138. 
oodward  (Henry)  on  some  points  in 
the  structure  of  Limulus,  recent  and 
fossil,  79. 

Worthingion  (Rev.  A.  W.)  on  the  dis- 
proportion oetween  the  male  and 
female  population  of  some  manufac- 
turing and  other  towns,  138. 

Wright  (Dr.  E.  P.),  botanical  notes  of  a 
tour  in  the  islands  of  Aran,  west  of 
Ireland,  80;  notes  on  Iithosia  caniola. 
80. 

Wvnants  (Captain)  on  barytic  powder 
for  heavy  ordnance,  148. 

Wynne  (A.  B.)  on  the  physical  features 
of  the  land  as  connected  with  denuda- 
tion, 69. 

•Yorkshire,  East,  W.  Topley  on  the  phy- 
sical geography  of,  67. 

Zambesi,  and  its  probable  westernmost 
source,  Thomas  Baines  on  the,  101. 

Zinc  sheathing  for  ships,  Samuel  J. 
Mackie  on,  146. 

•Zulu  Kaffirs  of  Natal,  Dr.  Robert  Mann 
on  the  mental  and  moral  characteris- 
tics of  the,  96. 


BRITISH  ASSOCIATION  FOR  THE  ADVANCEMENT 

OF  SCIENCE. 


The  Published  Reports  of  Proceedings  at  the  Meetings  of  the  Association 
may  be  obtained  by  Members  on  application  to  the  under-mentioned  Local 
Treasurers,  or  Agents  appointed  bv  them,  at  the  following  prices,  viz. — Reports 
for  1849, 1850, 1851, 1852, 1 853 /l 854, 1855, 1856, 1857, 1858, 1859,  at  two- 
thirds  of  the  Publication  Price;  and  for  the  purpose  of  completing  their  sets, 
any  of  the  first  seventeen  volumes,  of  which  more  than  100  copies  remain,  at 
one-third  of  the  Publication  Price. 

TREASURER.  DEPOT  FOR  THE  REPORTS. 

London William  Spottiswoode,  Esq.,  F.R.S.   Messrs.  Taylor  &  Francis,  Printing 

50  Grosvenor  Place,  London,  8.YT,  Office,  Red  Lion  Court,  Fleet  Street. 

LOCAL  TREASURERS.  DEPOTS. 

York William  Gray,  Esq.,  F.G.S Yorkshire  Museum. 

Cambridge C.  C.Babington,  Esq.,  M.A.,F.R.S.  ...House  of  the  Philosophical  Society. 

Edinburgh William  Brand,  Esq. Union  Dank  of  Scotland. 

Dublin  .M John  H.  Orpen,  LL.D. 13  South  Frederick  Street. 

Bristol William  Sanders,  Esq.,  F.G.S Philosophical  Institution,  Park  Street. 

Livbrfool Robert  McAndrew,  Esq.,  F.R.S 7  North  John  Street. 

Birmingham  ...YV.  R.  Wills,  Esq Birmingham. 

Glasgow Professor  Sir  W.  Thomson  The  College. 

Manchester  ...R.  P.  Greg,  Esq.,  F.G.S Chancery  Lane. 

Swansea John  Gwyn  Jeffreys,  Esq.,  F.R.S.  ...Swansea. 

Ipswich J.  B.  Alexander,  Esq North  Gate  House. 

Belfast  Robert  Patterson,  Esq.,  M.R.T.A High  Street. 

Hull    Edmund  Smith,  Esq.   Hull. 

Cheltenham  ...Richard  Beamish,  Esq.,  F.R.S Cheltenham. 

Leeds  John  Metcalfe  Smith,  Esq Bank,  Leeds. 

Oxford   The  Rev.  John  Griffiths,  M.A Oxford. 

NEWCASTLE-ON-TYNE...Thomas  Hodgkin,  Esq Newcastle-upon-Tyne. 

A$*Qciate$  for  the  Meeting  in  1866  may  obtain  the  Volume  for  the  Year  at  the  same  price 

as  Members. 


PROCEEDINGS  of  the  FIRST  and  SECOND  MEETINGS,  at  York 
and  Oxford,  1831  and  1832,  Published  at  13*.  6d. 

Contents  : — Prof.  Airy,  on  the  Progress  of  Astronomy ;— J.  W.  Lubbock,  on  the  Tides ; 
— Prof.  Forbes,  on  the  Present  State  of  Meteorology ; — Prof.  Powell,  on  the  Present  State 
of  the  Science  of  Radiant  Heat ; — Prof,  dimming,  on  Thermo- Electricity ;— Sir  O.  Brewster, 
on  the  Progress  of  Optics ; — Rev.  W.  W  he  well,  on  the  Present  Stste  of  Mineralogy  j— Rev. 
W.  D.  Conybeare,  on  the  Recent  Progress  and  Present  State  of  Geology  j— Or.  Pilchard's 
Review  of  Philological  and  Physical  Researches. 

Together  with  Papers  on  Mathematics,  Optics,  Acoustics,  Magnetism,  Electricity,  Chemistry, 
Meteorology,  Geography,  Geology,  Zoology,  Anatomy,  Physiology,  Botany,  and  the  Arts; 
and  an  Exposition  of  the  Object*  and  Plan  of  the  Association,  &c 

PROCEEDINGS  of  the  THIRD  MEETING,  at  Cambridge,  1833, 
Published  at  12s. 

Contents  : — Proceedings  of  the  Meeting ;— John  Taylor,  on  Mineral  Veins  ; — Dr. 
Lindley,  on  the  Philosophy  of  Botany ; — Dr.  Henry,  on  the  Physiology  of  the  Nervous  Sy- 
stem;—P.  Barlow,  on  the  Strength  of  Materials ;— S.  II.  Christie,  on  the  Magnetism  of  the 
Earth; — Rev.  J.  Challis,  on  the  Analytical  Theory  of  Hydrostatics  and  Hydrodynamics; — 
G.  Rennie,  on  Hydraulics  as  a  Branch  of  Engineering,  Part  I. ,— Rev.  G.  Peacock,  on  certain 
Branches  of  Analysis. 

Together  with  papers  on  Mathematics  and  Physics,  Philosophical  Instruments  and  Mecha- 
nical Arts,  Natural  History,  Anatomy,  Physiology,  and  History  of  Science. 


166 

-    PROCEEDINGS  of  the  FOURTH  MEETING,  at  Edinburgh,  1834, 
Published  at  IBs. 

Contents  : — H.  G.  Rogers,  on  the  Geology  of  North  America ; — Dr.  C.  Henry,  on  the 
Laws  of  Contagion; — Prof.  Clark,  on  Animal  Physiology ;-— Rev.  L.  Jenyns,  on  Zoology; — 
Rev.  J.  Challis,  on  Capillary  Attraction; — Prot  Lloyd,  on  Physical  Optics; — G.  Ronnie,  on 
Hydraulics,  Part  II. 

Together  with  the  Transactions  of  the  Sections,  and  Recommendations  of  the  Association 
and  its  Committees. 

PROCEEDINGS  of  the  FIFTH  MEETING,  at  Dublin,  1835,  Pub- 
lishedat  13*.  ftt*. 

Contents  : — Rev.  W.  W  he  well,  on  the  Recent  Progress  and  Present  Condition  of  the 
Mathematical  Theories  of  Electricity,  Magnetism,  and  Heat;  —  A.  Quetelet,  Aperca  de 
l'Etatactuel  des  Sciences  Math6matiques  ches  les  Beiges; — Capt.  B.  Sabine,  on  the  Phe- 
nomena of  Terrestrial  Magnetism. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Sir  W.  Hamilton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SIXTH  MEETING,  at  Brktol,  1836,  Pub- 
lished at  12s. 

Contents: — Prof.  Daubeny,on  the  Present  State  of  our  Knowledge  with  respect  to  Mine- 
ral  and  Thermal  Waters ; — Major  £.  Sabine,  on  the  Direction  and  Intensity  of  the  Terrestrial 
Magnetic  Force  in  Scotland ;— -J.  Richardson,  on  North  American  Zoology; — Rev.  J.  Challis, 
on  the  Mathematical  Theory  of  Fluids ; — J.  T.  Mackay,  a  Comparative  View  of  the  more 
remarkable  Plants  which  characterize  the  neighbourhood  of  Dublin  and  Edinburgh,  and  the 
South-west  of  Scotland,  &c; — J.  T.  Mackay,  Comparative  Geographical  Notices  of  the 
more  remarkable  Plants  which  characterize  Scotland  and  Ireland; — Report  of  the  London  Sub- 
committee of  the  Medical  Section  on  the  Motions  and  Sounds  of  the  Heart; — Second  Report 
of  the  Dublin  Sub-Committee  on  the  Motions  and 'Sounds  of  the  Heart ; — Report  of  the  Dublin 
Committee  on  the  Pathology  of  the  Brain  and  Nervous  System ; — J.  W.  Lubbock,  Account 
of  the  Recent  Discussions  of  Observations  of  the  Tides ; — Kev.  B.  Powell,  on  determining  the 
Refractive  Indices  for  the  Standard  Rays  of  the  Solar  Spectrum  in  various  media; — Dr.  Hodgkin, 
on  the  Communication  between  the  Arteries  and  Absorbents; — Prof.  Phillips,  Report  of  Experi- 
ments on  Subterranean  Temperature ; — Prof.  Hamilton,  on  the  Validity  of  a  Method  recently 
proposed  by  G.  B.  Jerrard,  for  Transforming  and  Resolving  Equations  of  Elevated  Degrees. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Daubeny's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  SEVENTH  MEETING,  at  Liverpool,  1837, 
Published  at  16*.  6d. 

Contents  : — Major  E.  Sabine,  on  the  Variations  of  the  Magnetic  Intensity  observed  at  dif- 
ferent points  of  the  Earth's  Surface ; — Rev.  W.  Taylor,  on  the  various  modes  of  Printing  for 
the  Use  of  the  Blind ; — J.  W.  Lubbock,  on  the  Discussions  of  Observations  of  the  Tides ; — 
Prof.  T.  Thomson,  on  the  Difference  between  the  Composition  of  Cast  Iron  produced  by  the 
Cold  and  Hot  Blast ; — Rev.  T.  R.  Robinson,  on  the  Determination  of  the  Constant  of  Nutation 
by  the  Greenwich  Observations ; — R.  W.  Fox,  Experiments  on  the  Electricity  of  Metallic 
.  Veins,  and  the  Temperature  of  Mines; — Provisional  Report  of  the  Committee  of  the  Medical 
Section  of  the  British  Association,  appointed  to  investigate  the  Composition  of  Secretions,  and 
the  Organs  producing  them ; — Dr.  G.  O.  Rees,  Report  from  the  Committee  for  inquiring  into 
the  Analysis  of  the  Glands,  &c  of  the  Human  Body ; — Second  Report  of  the  London  Sub- Com- 
mittee of  the  British  Association  Medical  Section,  on  the  Motions  and  Sounds  of  the  Heart ; — 
Prof.  Johnston,  on  the  Present  State  of  our  Knowledge  in  regard  to  Dimorphous  Bodies ; — 
Lt.-Col.  Sykes,  on  the  Statistics  of  the  Pour  Collectorates  of  Dukhun,  under  the  British  Go* 
vernment; — E.Hodgkinson,  on  the  relative  Strength  and  other  Mechanical  Properties  of  Iron 
obtained  from  the  Hot  and  Cold  Blast; — W.  Fairbairn,  on  the  Strength  and  other  Properties 
of  Iron  obtained  from  the  Hot  and  Cold  Blast ; — Sir  J.  Robison,  and  J.  S.  Russell,  Report  of 
the  Committee  on  Waves ; — N'ote  by  Major  Sabine,  being  an  Appendix  to  his  Report  on  the 
Variations  of  the  Magnetic  Intensity  observed  at  different  Points  of  the  Earth's  Surface ; — 
J.  Yates,  on  the  Growth  of  Plants  under  Glass,  and  without  any  free  communication  with  the 
outward  Air,  on  the  Plan  of  Mr.  N.  J.  Ward,  of  London. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Traill's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 
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PROCEEDINGS  of  the  EIGHTH  MEETING,  at  Newcastle,  1838, 
Published  at  1 5s. 

Contents  :— Rev.  W.  Whewell,  Account  of  a  Level  Line,  measured  from  the  Bristol  Chan- 
nel to  the  English  Channel,  by  Mr.  Bant;— Report  on  the  Discussions  of  Tides,  prepared 
tinder  the  direction  of  the  Rev.  W.  Whewell ;— W.  8.  Harris,  Account  of  the  Progress  and 
State  of  the  Meteorological  Observations  at  Plymouth  < — Major  £.  Sabine,  on  the  Magnetic 
Isoclinal  and  Isodynamic  Lines  in  the  British  Islands  j— D.  Lardner,  LL.D.,  on  the  Determi- 
nation of  the  Mean  Numerical  Values  of  Railway  Constants; — R.  Mallet,  First  Report  upon 
Experiments  upon  the  Action  of  Sea  and  River  Water  upon  Cast  and  Wrought  Iron ;— R. 
Mallet,  on  the  Action  of  a  Heat  of  212°  Fahr.,  when  long  continued,  on  Inorganic  and  Organic 
Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINTH  MEETING,  at  Birmingham,  1839, 
Published  at  \3s.6d. 

Contents: — Rev.  B.  Powell,  Report  on  the  Present  State  of  our  Knowledge  of  Refractive 
Indices,  for  the  Standard  Rays  of  the  Solar  Spectrum  in  different  media ; — Report  on  the  Ap- 
plication of  the  Sum  assigned  for  Tide  Calculations  to  Rev.  W.  Whewell,  in  a  Letter  from  T.  G. 
Bunt,  Esq. ; — H.  L.  Pattinson,  on  some  Galvanic  Experiments  to  determine  the  Existence  or 
Non- Existence  of  Electrical  Currents  among  Stratified  Rocks,  particularly  those  of  the  Moun- 
tain Limestone  formation,  constituting  the  Lead  Measures  of  Alton  Moor ; — Sir  D.  Brewster, 
Reports  respecting  the  two  series  of  Hourly  Meteorological  Observations  kept  in  Scotland ; — 
Report  on  the  subject  of  a  series  of  Resolutions  adopted  by  the  British  Association  at  their 
Meeting  in  August  1838,  at  Newcastle ;— R.  Owen,  Report  on  British  Fossil  Reptiles; — E. 
Forbes,  Report  on  the  Distribution  of  Pulmoniferous  Mollusca  in  the  British  Isles; — W.  S. 
Harris,  Third  Report  on  the  Progress  of  the  Hourly  Meteorological  Register  at  Plymouth 
Dockyard. 

Together  with  the  Transactions  of  the  Sections,  Rev.  W.  Vernon  Harcourt's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TENTH  MEETING,  at  Glasgow,  1840, 
Published  at  lbs. 

Contents  :— Rev.  B.  Powell,  Report  on  the  recent  Progress  of  discovery  relative  to  Radiant 
Heat,  supplementary  to  a  former  Report  on  the  same  subject  inserted  in  the  first  volume  of  the 
Reports  of  the  British  Association  for  the  Advancement  of  Science ; — J.  D.  Forbes,  Supple- 
mentary Report  on  Meteorology ; — W.  S.  Harris,  Report  on  Prof.  W  he  well's  Anemometer, 
now  in  operation  at  Plymouth  ; — Report  on  "  The  Motion  and  Sounds  of  the  Heart,"  by  the 
London  Committee  of  the  British  Association,  for  1839-40  ;— Prof.  Scbonbein,  an  Account  of 
Researches  in  Electro-Chemistry ; — R.  Mallet,  Second  Report  upon  the  Action  of  Air  and 
Water,  whether  fresh  or  salt,  clear  or  foul,  and  at  various  temperatures,  upon  Cast  Iron, 
Wrought  Iron  and  Steel ; — R.  W.  Fox,  Report  on  some  Observations  on  Subterranean  Tem- 
perature ; — A.  F.  Osier,  Report  on  the  Observations  recorded  during  the  years  1837, 1338, 1839, 
and  1840,  by  the  Self-registering  Anemometer  erected  at  the  Philosophical  Institution,  Bir- 
mingham ; — Sir  D.  Brewster,  Report  respecting  the  two  Series  of  Hourly  Meteorological  Ob- 
servations kept  at  Inverness  and  Kingussie,  from  Nov.  1st,  1838  to  Nov.  1st,  1839; — W. 
Thompson,  Report  on  the  Fauna  of  Ireland  :  Div.  Vertcbrata ; — C.  J.  B.  Williams,  M.D., 
Report  of  Experiment*  on  the  Physiology  of  the  Lungs  aud  Air-Tubes ; — Kev.  J.  S.  Henslow, 
Report  of  the  Committee  on  the  Preservation  of  Animal  and  Vegetable  Substances. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Murchison  and  Major  E.  Sabine's 
Address,  and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  ELEVENTH  MEETING,  at  Plymouth, 
1841,  Published  at  13*.  6d. 

Contents  : — Rev.  P.  Kelland,  on  the  Present  state  of  our  Theoretical  and  Experimental 
Knowledge  of  the  Laws  of  Conduction  of  Heat  f— G.  L.  Roupell,  M.D.,  Report  on  Poisons  5— 
T.  G.  Bunt,  Report  on  Discussions  of  Bristol  Tides,  under  the  direction  of  the  Rev.  W.  Whewell; 
— D.  Ross,  Report  on  the  Discussions  of  Leiih  Tide  Observations,  under  the  direction  of  the 
Rev.  W.  Whewell  j — W.  S.  Harris,  upon  the  working  of  Whew  ell's  Anemometer  at  Plymouth 
during  the  past  year j— Report  of  a  Committee  appointed  for  the  purpose  of  superintend- 
ing the  scientific  cooperation  of  the  British  Association  In  the  System  of  Simultaneous  Obser- 
vations in  Terrestrial  Magnetism  and  Meteorology  ; — Reports  of  Committees  appointed  to  pro- 
vide Meteorological  Instruments  for  the  use  of  M.  Agassis  sod  Mr.  M'Cord  j— Report  of  a  Com- 
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mittee  to  superintend  the  redaction  of  Meteorological  Observations;— Report  of  a  Com* 
mittee  for  revising  the  Nomenclature  of  the  Stars; — Report  of  a  Committee  for  obtaining  In* 
struments  and  Registers  to  record  Shocks  and  Earthquakes  in  Scotland  and  Ireland ; — Report  of 
a  Committee  on  the  Preservation  of  Vegetative  Powers  in  Seeds; — Dr.  Hodgkin,on  Inquiries 
Into  the  Races  of  Man ; — Report  of  the  Committee  appointed  to  report  how  far  the  Desiderata 
in  our  knowledge  of  the  Condition  of  the  Upper  Strata  of  the  Atmosphere  may  be  supplied  by 
means  of  Ascents  in  Balloons  or  otherwise,  to  ascertain  the  probable  expense  of  such  Experi- 
ments, and  to  draw  up  Directions  for  Observers  in  such  circumstances  ; — R.  Owen,  Report 
on  British  Fossil  Reptiles  ;— Reports  on  the  Determination  of  the  Mean  Value  of  Railway 
Constants  ;— D.  Lardner,  L.L.D.,  Second  and  concluding  Report  on  the  Determination  of  the 
Mean  Value  of  Railway  Constants; — E.  Woods,  Report  on  Railway  Constants  ;— Report  of  a 
Committee  on  the  Construction  of  a  Constant  Indicator  for  Steam- Engines. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Whew  ell's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWELFTH  MEETING,  at  Manchester, 
184-2,  Published  at  10*  6d. 

Contents  : — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  British 
Association  in  the  System  of  Simultaneous  Magnctical  and  Meteorological  Observations ; — 
J.  Richardson,  M.D.,  Report  on  the  present  State  of  the  Ichthyology  of  New  Zealand  ; — 
W.  S.  Harris,  Report  on  the  Progress  of  Meteorological  Observations  at  Plymouth  ; — Second 
Report  of  a  Committee  appointed  to  make  Experiments  on  the  Growth  and  Vitality  of  Seeds ; 
— C.  Vignoles,  Report  of  the  Committee  on  Railway  Sections  ; — Report  of  the  Committee 
for  the  Preservation  of  Animal  and  Vegetable  Substances ; — Lyon  Playfair,  M.D.,  Abstract 
of  Prof.  Liebig's  Report  on  Organic  Chemistry  applied  to  Physiology  and  Pathology; — 
R.  Owen,  Report  on  the  British  Fossil  Mammalia,  Part  I.; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants ; — L.  Agassis,  Report 
on  the  Fossil  Fishes  of  the  Devonian  System  or  Old  Red  Sandstone ; — W.  Fairbairn,  Ap- 
pendix to  a  Report  on  the  Strength  and  other  Properties  of  Cast  Iron  obtained  from  the  Hot 
and  Cold  Blast ; — D.  Milne,  Report  of  the  Committee  for  Registering  Shocks  of  Earthquakes 
in  Great  Britain  ; — Report  of  a  Committee  on  the  construction  of  a  Constant  Indicator  for 
Steam-Engines,  and  for  the  determination  of  the  Velocity  of  the  Piston  of  the  Self-acting  En- 
gine at  different  periods  of  the  Stroke  ; — J.  S.  Russell,  Report  of  a  Committee  on  the  Form  of 
Ships ; — Report  of  a  Committee  appointed  "to  consider  of  the  Rules  by  which  the  Nomencla- 
ture of  Zoology  may  be  established  on  a  uniform  and  permanent  basis ;  "—Report  of  a  Com- 
mittee on  the  Vital  Statistics  of  large  Towns  in  Scotland ; — Provisional  Reports,  and  Notices 
of  Progress  in  special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Lord  Francis  Egerton's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thb  THIRTEENTH  MEETING,  at  Cork, 
184S,  Published  at  12s. 

Contents  : — Robert  Mallet,  Third  Report  upon  the  Action  of  Air  and  Water,  whether 
fresh  or  salt,  clear  or  foul,  and  at  Various  Temperatures,  upon  Cast  Iron,  Wrought  Iron,  and 
Steel ; — Report  of  the  Committee  appointed  to  conduct  the  cooperation  of  the  British  As- 
sociation in  the  System  of  Simultaneous  Magnet ical  and  Meteorological  Observations  ; — Sir 
J.  F.  W.  Herscbel,  Bart.,  Report  of  the  Committee  appointed  for  the  Reduction  of  Meteoro- 
logical Observations; — Report  of  the  Committee  appointed  for  Experiments  on  Steam- 
Engines  {—Report  of  the  Committee  appointed  to  continue  their  Experiments  on  the  Vitality 
of  Seeds ; — J.  S.  Russell,  Report  of  a  Series  of  Observations  on  the  Tides  of  the  Frith  of 
Forth  and  the  East  Coast  of  Scotland ;— *J.  S.  Russell,  Notice  of  a  Report  of  the  Committee 
on  the  Form  of  Ships; — J.  Blake,  Report  on  the  Physiological  Action  of  Medicines;— Report 
of  the  Committee  on  Zoological  Nomenclature ;— Report  of  the  Committee  for  Registering 
the  Shocks  of  Earthquakes,  and  making  such  Meteorological  Observations  as  may  appear  to 
them  desirable ; — Report  of  the  Committee  for  conducting  Experiments  with  Captive  Balloons; 
—Prof.  Wheatstone,  Appendix  to  the  Report; — Report  of  the  Committee  for  the  Translation 
and  Publication  of  Foreign  Scientific  Memoirs ; — C.  W.  Peach,  on  the  Habits  of  the  Marine 
Testacea;— E.  Forbes,  Report  on  the  Mollusca  and  Radiata  of  the  iEgean  Sea,  and  on  their 
distribution,  considered  as  bearing  on  Geology  ; — L.  Agassis,  Synoptical  Table  of  British 
Fossil  Fishes,  arranged  in  the  order  of  the  Geological  Formations ;— K.  Oweo,  Report  on  the 
British  Fossil  Mammalia,  Part  II.;— E.  W.  Btnney,  Report  on  the  excavation  made  at  the 

ictton  of  the  Lower  New  Red  Sandstone  with  the  Coal  Measures  at  Collyhnrat  j — W. 
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Thompson,  Report  on  the  Fauna  of  Ireland :  Div.  Itwtrtebnta ; — Provisional  Reports,  and 
Notices  of  Progress  in  Special  Researches  entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Earl  of  Rosse's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FOURTEENTH  MEETING,  at  York,  1844, 
Published  at  £\. 

Contents  : — W.  B.  Carpenter,  on  the  Microscopic  Structure  of  Shells ; — J.  Alder  and  A. 
Hancock,  Report  on  the  British  Nudibranchiate  Mollosca ; — R.  Hunt,  Researches  on  the 
Influence  of  Light  on  the  Germination  of  Seeds  and  the  Growth  of  Plants; — Report  of  a 
Committee  appointed  by  the  British  Association  in  1840,  for  revising  the  Nomenclature  of  the 
Stars ; — Lt-Col.  Sabine,  on  the  Meteorology  of  Toronto  in  Canada ; — J.  Blackwall,  Report 
on  some  recent  researches  into  the  Structure,  Functions,  and  Economy  of  the  Araneidea 
made  in  Great  Britain  ; — Earl  of  Rosse,  on  the  Construction  of  large  Reflecting  Telescopes ; 
— Rev.  W.  V.  Harcourt,  Report  on  a  Gas-furnace  for  Experiments  on  Vitrifaction  and  other 
Applications  of  High  Heat  in  the  Laboratory ; — Report  of  the  Committee  for  Registering 
Earthquake  Shocks  in  Scotland; — Report  of  a  Committee  for  Experiments  on  Steam- Engines; 
—Report  of  the  Committee  to  investigate  the  Varieties  of  the  Human  Race; — Fourth  Report 
of  a  Committee  appointed  to  continue  their  Experiments  on  the  Vitality  of  Seeds; — W.  Fair- 
bairn,  on  the  Consumption  of  Fuel  and  the  Prevention  of  Smoke ; — F.  Ronalds,  Report  con- 
cerning the  Observatory  of  the  British  Association  at  Kew ; — Sixth  Report  of  the  Committee 
appointed  to  conduct  the  Cooperation  of  the  British  Association  in  the  System  of  Simulta- 
neous Magnetical  and  Meteorological  Observations; — Prof.  Forchhammer  on  the  influence 
of  Fucoidal  Plants  upon  the  Formations  of  the  Earth,  on  Metamorphism  in  general,  and  par- 
ticularly the  Metamorphosis  of  the  Scandinavian  Alum  Slate ; — H.  E.  Strickland,  Report  on 
the  recent  Progress  and  Present  State  of  Ornithology ; — T.  Oldham,  Report  of  Committee 
appointed  to  conduct  Observations  on  Subterranean  Temperature  in  Ireland ; — Prof.  Owen. 
Report  on  the  Extinct  Mammals  of  Australia,  with  descriptions  of  certain  Fossils  indicative 
of  the  former  existence  in  that  continent  of  large  Marsupial  Representatives  of  the  Order 
Pachydermata ; — W.  S.  Harris,  Report  on  the  working  of  W  he  well  and  Osier's  Anemometers 
at  Plymouth,  for  the  years  1841,  1842,  1843  ; — W.  R.  Rirt,  Report  on  Atmospheric  Waves; 
— L.  Agassis,  Rapport  sur  les  Poissons  Fossiles  de  l'Argile  de  Londres,  with  translation; — J. 
S.  Russell,  Report  on  Waves ; — Provisional  Reports,  and  Notices  of  Progress  in  Special  Re- 
searches entrusted  to  Committees  and  Individuals. 

Together  with  the  Transactions  of  the  Sections,  Dean  of  Ely's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  FIFTEENTH  MEETING,  at  Cambridge, 

1845,  Published  at  12s. 

Contents  : — Seventh  Report  of  a  Committee  appointed  to  conduct  the  Cooperation  of  the 
British  Association  in  the  System  of  Simultaneous  Magnetical  and  Meteorological  Observa- 
tions;— Lr.-Col.  Sabine,  on  some  points  in  the  Meteorology  of  Bombay  ; — J.  Blake,  Report 
on  the  Physiological  Actions  of  Medicines  ; — Dr.  Von  Boguslawski,  on  the  Comet  of  1843; 
— R.  Hunt,  Report  on  the  Actinograph ;■— Prof.  Schonbein,  on  Oxone ; — Prof.  Erman,  on 
the  Influence  of  Friction  upon  Thermo- Electricity; — Baron  Senftenbrrg,  on  the  Self- 
Registering  Meteorological  Instruments  employed  in  the  Observatory  at  Senftenberg ; — 
W.  R.  Birt,  Second  Report  on  Atmospheric  Waves ; — G.  R.  Porter,  on  the  Progress  and  Pre- 
sent Extent  of  Savings'  Banks  in  the  United  Kingdom ;— Prof.  Bunsen  and  Dr.  Playfair, 
Report  on  the  Gases  evolved  from  Iron  Furnaces,  with  reference  to  the  Theory  of  Smelting 
of  Iron ; — Dr.  Richardson,  Report  on  the  Ichthyology  of  the  Seas  of  China  and  Japan  ; — 
Report  of  the  Committee  on  the  Registration  of  Periodical  Phenomena  of  Animals  and  Vege- 
tables ; — Fifth  Report  of  the  Committee  on  the  Vitality  of  Seeds ; — Appendix,  &c. 

Together  with  the  Transactions  of  the  Sections,  Sir  J.  F.  W.  Herschel's  Address,  and  Re- 
commendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  SIXTEENTH  MEETING,  at  Southampton, 

1846,  Published  at  \5s. 

Contents:— G.  G.  Stokes,  Report  on  Recent  Researches  in  Hydrodynamics ;— Sixth 
Report  of  I  he  Committee  on  the  Vitality  of  Seeds ; — Dr.  Schunck  on  the  Colouring  Matters  of 
Madder; — J.  Blake,  on  the  Physiological  Action  of  Medicines; — R.  Hunt,  Report  on  the  Ac- 
tinograph ;— -R.  Hunt,  Notices  on  the  Influence  of  Light  on  the  Growth  of  Plants;— R.  L. 
Ellis,  on  ibe  Rcrcnt  Progress  of  Analysis ;— Prof.  Forchhammer,  on  Comparative  Analytical 
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Researches  on  Sea  Water ;— A.  Erman,  on  the  Calculation  of  the  Gaussian  Constants  for 
1829; — O.  ft.  Porter,  on  the  Progress,  present  Amount,  and  probable  future  Condition  of  the 
Iron  Manufacture  in  Great  Britain  ; — W.  R.  Birt,  Third  Report  on  Atmospheric  Waves;— 
Prof.  Owen,  Report  on  the  Archetype  and  Homologies  of  the  Vertebrate  Skeleton  ;— 
J.  Phillips,  on  Anemometry; — J.  Percy,  M.D.,  Report  on  the  Crystalline  Flags; — Addenda 
to  Mr.  Blrt's  Report  on  Atmospheric  Waves. 

Together  with  the  Transactions  of  the  Sections,  Sir  R.  I.  Murchison's  Address,  and  Re- 
commendations of  the  Aisociation  and  its  Committees. 

PROCEEDINGS  of  the  SEVENTEENTH  MEETING,  at  Oxford, 
\Ml%  Published  at  l%s. 

Contents  :— -Prof.  Langberg,  on  the  Specific  Gravity  of  Sulphuric  Add  at  different  de- 
grees of  dilution,  and  on  the  relation  which  exists  between  the  Development  of  Heat  and  the 
coincident  contraction  of  Volume  in  Sulphuric  Acid  when  mixed  with  Water; — R.  Hum, 
Researches  on  the  Influence  of  the  Solar  Rays  on  the  Growth  of  Plants j — R.  Mallet,  m 
the  Facts  of  Earthquake  Phenomena ; — Prof.  Nilsson,  on  the  Primitive  Inhabitants  of  Scan- 
dinavia;— W.  Hopkins,  Report  on  the  Geological  Theories  of  Elevation  and  Earthquakes; 
—Dr.  W.  B.  Carpenter,  Report  on  the  Microscopic  Structure  of  Shells; — Rev.  W.  WheweJI  aad 
Sir  James  C.  Ross,  Report  upon  the  Recommendation  of  an  Expedition  for  the  purpose  of 
completing  our  knowledge  of  the  Tides  j— Dr.  Schunck,  on  Colouring  Matters  {—Seventh  Re- 
port of  the  Committee  on  the  Vitality  of  Seeds ;— J.  Glynn,  on  the  Turbine  or  Horisonial 
Water- Wheel  of  France  and  Germany; — Dr.  R.  G.  Latham,  on  the  present  state  and  recent 
progress  of  Ethnographical  Philology ; — Dr.  J.  C.  Prichard,  on  the  various  methods  of  Research 
which  contribute  to  die  Advancement  of  Ethnology,  and  of  the  relations  of  that  Science  to 
other  branches  of  Knowledge ; — Dr.  C.  C.  J.  Bunsen,  on  the  results  of  the  recent  Egyptian 
researches  in  reference  to  Asiatic  and  African  Ethnology,  and  the  Classification  of  Languages ; 
— Dr.  C.  Meyer,  on  the  Importance  of  the  Study  of  the  Celtic  Language  as  exhibited  by  the 
Modern  Celtic  Dialects  still  extant; — Dr.  Max  Mttller,  on  the  Relation  of  the  Bengali  co  the 
Arian  and  Aboriginal  Languages  of  India; — W.  R.  Birt,  Fourth  Report  on  Atmospheric 
Waves;— Prof.  W.  H.  Dove,  Temperature  Tables,  with  Introductory  Remarks  by  Lieut-Col. 
E.  Sabine ; — A.  Erman  and  H.  Petersen,  Third  Report  on  the  Calculation  of  the  Gaussian  Con- 
stants for  1829. 

Together  with  the  Transactions  of  the  Sections,  Sir  Robert  Harry  Ioglts's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  EIGHTEENTH  MEETING,  at   Swansea, 

1848,  Published  at  9s. 

Contents: — Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors; — 
J.  Glynn  on  Water-pressure  Engines ; — R.  A.  Smith,  on  the  Air  and  Water  of  Towns ; — Eighth 
Report  of  Committee  on  the  Growth  and  Vitality  of  Seeds; — W.  R.  Birt,  Fifth  Report  on  At. 
mospheric  Waves ; — B.  Schunck,  on  Colouring  Matters ;— J.  P.  Budd,  on  the  advantageous  use 
made  of  the  gaseous  escape  from  the  Blast  Furnaces  at  the  Tstalyfera  Iron  Works; — R.  Hunt. 
Report  of  progress  in  the  investigation  of  the  Action  of  Carbonic  Acid  on  the  Growth  of 
Plants  allied  to  those  of  the  Coal  Formations ; — Prof.  H.  W.  Dove,  Supplement  to  the  Tem- 
perature Tables  printed  in  the  Report  of  the  British  Association  for  1847  ; — Remarks  by  ProC 
Dove  on  his  recently  constructed  Maps  of  the  Monthly  Isothermal  Lines  of  the  Globe,  and  on 
some  of  the  principal  Conclusions  in  regard  to  Climatology  deducible  from  them;  with  an  in- 
troductory  Notice  by  LL-Col.  E.  Sabine ; — Dr.  Daubeny,  on  the  progress  of  the  investigation 
on  the  Influence  of  Carbonic  Acid  on  the  Growth  of  Ferns ; — J.  Phillips,  Notice  of  further 
progress  in  Anemometrical  Researches ; — Mr.  Mallet's  Letter  to  the  Assistant-General  Secre- 
tary;— A.  Erman,  Second  Report  on  the  Gaussian  Constants; — Report  of  a  Committee 
relative  to  the  expediency  of  recommending  the  continuance  of  the  Toronto  Magnetical  and 
Meteorological  Observatory  until  December  1850. 

Together  with  the  Transactions  of  the  Sections,  the  Marquis  of  Northampton's  Address, 
and  Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  NINETEENTH  MEETING,  at  BinmDghain, 

1849,  Published  at  10*. 

Contents: — Rev.  Prof.  Powell,  A  Catalogue  of  Observations  of  Luminous  Meteors ; — Earl 
of  Rosse,  Notice  of  Nebula;  lately  observed  in  the  Six-feet  Reflector; — Prof.  Daubeny,  on  the 
Influence  of  Carbonic  Acid  Gas  on  the  health  of  Plants,  especially  of  those  allied  to  the  Fossil 
Remains  found  in  the  Coal  Formation  ; — Dr.  Andrews,  Report  on  the  Heat  of  Combination  ; 
— Report  of  the  Committee  on  the  Registration  of  the  Periodic  Phenomena  of  Plants  and 
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Animals  {—Ninth  Report  of  Committee  on  Experiment*  on  the  Growth  and  Vitality  of  Seed* ; 
— F.  Ronalds,  Report  concerning  the  Observatory  of  the  British  Association  at  Kew,  from 
Aug.  0, 1848  to  Sept  12,  1849 ; — R.  Mallet,  Report  on  the  Experimental  Inquiry  on  Railway 
Bar  Corrosion;— W.  R.  Birt,  Report  on  the  Discussion  of  the  Electrical  Observations  at  Kew. 
Together  with  the  Transactions  of  the  Sections,  the  Rev.  T.  R.  Robinson's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTIETH  MEETING,  at  Edinburgh, 

1850,  Published  at  15*. 

Contents  : — R.  Mallet,  First  Report  on  the  Facts  of  Earthquake  Phenomena ; — Rev.  Prof. 
Powell,  on  Observations  of  Luminous  Meteors; — Dr.  T.  Williams,  on  the  Structure  and 
History  of  the  British  Annelida; — T.  C.  Hunt,  Results  of  Meteorological  Observations  taken 
at  St.  Michael's  from  the  1st  of  January,  1840  to  the  31st  of  December,  1849;— R.  Hunt,  on 
the  present  State  of  our  Knowledge  of  the  Chemical  Action  of  the  Solar  Radiations; — Tenth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Major-Gen. 
Briggs,  Report  on  the  Aboriginal  Tribes  of  India ; — F.  Ronalds,  Report  concerning  the  Ob- 
servatory of  the  British  Association  at  Kew  ;— E.  Forbes,  Report  on  the  Investigation  of  British 
Marine  Zoology  by  means  of  the  Dredge ; — R.  MacAndrew,  Notes  on  the  Distribution  and 
Range  in  depth  of  Mollusc*  and  other  Marine  Animals,  observed  on  the  coasts  of  Spain,  Por- 
tugal, Barbary,  Malta,  and  Southern  Italy  in  1849 ; — Prof.  Allman,  on  the  Present  State  of 
our  Knowledge  of'  the  Freshwater  Polyioa ; — Registration  of  the  Periodical  Phenomena  of 
Plants  and  Animals ; — Suggestions  to  Astronomers  for  the  Observation  of  the  Total  Eclipse 
of  the  Sun  on  July  28,  1851. 

Together  with  the  Transactions  of  the  Sections,  Sir  David  Brewster's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY- FIRST  MEETING,  at  Ipswich, 

1851,  Published  at  16*.  6d. 

Contents: — Rev.  Prof.  Powell,  on  Observations  of  Luminous  Meteors ;— Eleventh  Re- 
port of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds  j— Dr.  J.  Drew,  on 
the  Climate  of  Southampton  ; — Dr.  R.  A.  Smith,  on  the  Air  and  Water  of  Towns :  Action  of 
Porous  Strata,  Water  and  Organic  Matter ;— Report  of  the  Committee  appointed  to  consider 
the  probabje  Effects  in  an  Economical  and  Physical  Point  of  View  of  the  Destruction  of  Tro- 
pical Forest*  ; — A.  Henfrey,  on  the  Reproduction  and  supposed  Existence  of  Sexual  Organs 
in  the  Higher  Cryptogamous  Plants  i— Dr.  Daubeny,  on  the  Nomenclature  of  Organic  Com- 
pounds ; — Rev.  Dr.  Donaldson,  on  two  unsolved  Problems  in  Indo-German  Philology ; — 
Dr.  T.  Williams,  Report  on.  the  British  Annelida; — R.  Mallet,  Second  Report  on  the  Facts  of 
Earthquake  Phenomena ; — Letter  from  Prof.  Henry  to  Col.  Sabine,  on  the  System  of  Meteoro- 
logical Observations  proposed  to  be  established  in  the  United  States; — Col. Sabine,  Report 
on  the  Kew  Magnetographs ; — J.  Welsh,  Ueporton  the  Performance  of  his  three  Magneto- 
graphs  during  the  Experimental  Trial  at  the  Kew  Observatory  ; — F.  Ronalds,  Report  concern- 
ing the  Observatory  of  the  British  Association  at  Kew,  from  September  12,  1850  to  July  31, 
1851 ; — Ordnance  Survey  of  Scotland. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Airy's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  thb  TWENTY-SECOND  MEETING,  at  Belfast, 

1852,  Published  at  \5s. 

Contents  : — R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena; — Twelfth 
Report  of  Committee  on  Experiments  on  the  Growth  and  Vitality  of  Seeds ; — Rev.  Prof. 
Powell,  Report  on  Observations  of  Luminous  Meteors,  1851-52; — Dr.  Gladstone,  on  the  In- 
fluence  of  the  Solar  Radiations  on  the  Vital  Powers  of  Plants ; — A  Manual  of  Ethnological 
Inquiry  ; — Col.  Sykes,  Mean  Temperature  of  the  Day,  and  Monthly  Fall  of  Rain  at  127  Sta- 
tions under  the  Bengal  Presidency ; — Prof.  J.  D.  Forbes,  on  Experiments  on  the  Laws  of  the 
Conduction  of  Heat; — R.  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations ; — Dr.  Hodges, 
on  the  Composition  and  Economy  of  the  Flax  Plant ; — W.  Thompson,  on  the  Freshwater 
Fishes  of  Ulster; — W.  Thompson,  Supplementary  Report  on  the  Fauna  of  Ireland; — W.  Wills, 
on  the  Meteorology  uf  Birmingham;— J.  Thomson,  on  the  Vortex- Water- Wheel ; — J.  B.  Lawes 
and  Dr.  Gilbert,  on  the  Composition  ot  Foods  in  relation  to  Respiration  and  the  Feeding  of 
Animals. 

Together  with  the  Transactions  of  the  Sections,  Colonel  $*bine>  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 
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PROCEEDINGS  of  the  TWENTY-THIRD  MEETING,  at  Hall, 
1853,  Published  at  10*.  6a\ 

Contents: — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1852-53; 
—James  Oldham,  on  the  Physical  Features  of  the  H umber; — James  Oldham,  on  the  Rise, 
Progress,  and  Present  Position  of  Steam  Navigation  in  Hull; — William  Fairbairn,  Experi- 
mental Researches  to  determine  the  Strength  of  Locomotive  Boilers,  and  the  causes  which 
lead  to  Explosion; — J.  J.  Sylvester,  Provfsional  Report  on  the  Theory  of  Determinants;— 
Professor  Hodges,  M.D.,  Report  on  the  Gases  evolved  in  Steeping  Flax,  and  on  the  Composition 
and  Economy  of  the  Flax  Plant ; — Thirteenth  Report  of  Committee  on  Experiments  on  the 
Growth  and  Vitality  of  Seeds ; — Robert  Hunt,  on  the  Chemical  Action  of  the  Solar  Radiations; 
— John  P.  Bell,  M.D.,  Observations  on  the  Character  and  Measurements  of  Degradation  of  the 
Yorkshire  Coast;  First  Report  of  Committee  on  the  Physical  Character  of  the  Moon's  Sur- 
face, as  compared  with  that  of  the  Earth ; — R.  Mallet,  Provisional  Report  on  Earthquake 
Wave-Transits ;  and  on  Seismoraetrical  Instruments ; — William  Fairbairn,  on  the  Mechanical 
Properties  of  Metals  as  derived  from  repeated  Meltings,  exhibiting  the  maximum  point  of 
strength  and  the  causes  of  deterioration ; — Robert  Mallet,  Third  Report  on  the  Facts  of  Earth- 
quake Phenomena  (continued). 

Together  with  the  Transactions  of  the  Sections,  Mr.  Hopkins's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees, 

PROCEEDINGS  of  the  TWENTY-FOURTH  MEETING,  at  Liver- 
pool, 1854,  Published  at  ISs. 

Contents:— R.  Mallet,  Third  Report  on  the  Facts  of  Earthquake  Phenomena  (continued); 

—Major-General  Chesney,  on  the  Construction  and  General  Use  of  Efficient  life-Boats; Her. 

Prof.  Powell,  Third  Report  on  the  present  State  of  our  Knowledge  of  Radiant  Heat ;— ^Cofooci 
Sabine,  on  some  of  the  results  obtained  at  the  British  Colonial  Magnetic  Observatories;— 
Colonel  Port  lock,  Report  of  the  Committee  on  Earthquakes,  with  their  proceedings  respecting 
Seismometers ; — Dr.  Gladstone,  ov  the  influence  of  the  Solar  Radiations  on  the  Vital  Powers 
of  Plants,  Part  2; — Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1853-51 ; 

— Second  Report  of  the  Committee  on  the  Physical  Character  of  the  Moon's  Surface ; W.  g! 

Armstrong,  on  the  Application  of  Water- Pressure  Machinery  ; — J.  B.  Lawes  and  Dr.  Gilbert', 
on  the  Equivalency  of  Starch  and  Sugar  in  Food ; — Archibald  Smith,  on  the  Deviations  of  the 
Compass  in  Wooden  and  Iron  Ships  ; — Fourteenth  Report  of  Committee  on  Experiments  on 
the  Growth  and  Vitality  of  Seeds. 

Together  with  the  Transactions  of  the  Sections,  the  Earl  of  Harrow  by  *s  Address,  and  Re* 
commendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-FIFTH  MEETING,  at  Glasgow-, 
1855,  Published  at  Us.  5     » 

Contents  :— T.  Dobson,  Report  on  the  Relation  between  Explosions  in  Coal- Mines  and 
Revolving  Storms;— Dr.  Gladstone,  on  the  Influence  of  the  Solar  Radiations  on  the  Vital  Powers 
of  Plants  growing  under  different  Atmospheric  Conditions,  Part  3;— C.  Spence  Bate,  on  the 
British  Edriophthalroa  j— J.  F.  Bateman,  on  the  present  state  of  our  knowledge  on  tlte'supptv 
of  Water  to  Towns ;— Fifteenth  Report  of  Committee  on  Experiments  on  the  Growth  and 
Vitality  of  Seeds ;— Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1854-55  • 
—Report  of  Committee  appointed  to  inquire  into  the  best  means  of  ascertaining  those  pro-' 
perties  of  Metals  and  effects  of  various  modes  of  treating  them  which  are  of  importance  to  the 
durability  and  efficiency  of  Artillery ;— Rev.  Prof.  Henslow,  Report  on  Typical  Object*  m 
Natural  History;— A.  Follett  Osier,  Account  of  the  Self- Registering  Anemometer  and  Rain- 
Gauge  at  the  Liverpool  Observatory ; — Provisional  Reports. 

Together  with  the  Transactions  of  the  Sections,  the  Duke  of  Argyll's  Address,  and  Recen  - 
mendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SIXTH  MEETING,  at  CLd- 
tenham,  1856,  Published  at  18*. 

Contents:— Report  from  the  Committee  appointed  to  investigate  and  report  upon  tb* 
effects  produced  upon  the  Channels  of  the  Mersey  by  the  alterations  which  within  the  la* 
fifty  years  have  been  made  in  its  Banks;— J.  Thomson,  Interim  Report  on  progress  in  Re- 
searches on  the  Measurement  of  Water  by  Weir  Boards;— Dredging  Report,  Frith  of  Clyde 
1856;— Rev.  B.  Powell,  Report  on  Observations  of  Luminous  Meteors,  I855-I856f-_Pro!l 
Bun.cn  and  Dr.  H.  E.  Roscoe,  Photochemical  Researches ;— Rev.  James  Booth,  on  the  Trig©- 
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nometry  of  the  Parabola,  and  tlie  Geometrical  Origin  of  Logarithms ; — R.  MacAndrew,  Report 
on  the  Marine  Testaceous  Mollusca  of  the  North-east  Atlantic  and  Neighbouring  Seas,  and 
the  physical  conditions  affecting  their  development; — P.  P.  Carpenter,  Report  on  the  present 
state  of  our  knowledge  with  regard  to  the  Mollusca  of  the  West  Coast  of  North  America ; — 
T.  C.  Eyton,  Abstract  of  First  Report  on  the  Oyster  Beds  and  Oysters  of  the  British  Shores ; 
— Prof.  Phillips,  Report  on  Cleavage  and  Foliation  in  Rocks,  and  on  the  Theoretical  Expla- 
nations of  these  Phenomena :  Part  I. ; — Dr.  T.  Wright  on  the  Stratigraphical  Distribution  of 
the  Oolitic  Echinodermata ; — W.  Fairbairn,  on  the  Tensile  Strength  of  Wrought  Iron  at  various 
Temperatures ; — C.  Atherton,  on  Mercantile  Steam  Transport  Economy ; — J.  S.  Bower  bank,  on 
the  Vital  Powers  of  the  Spongiadae; — Report  of  a  Committee  upon  the  Experiments  conducted 
at  Stormontfield,  near  Perth,  for  the  artificial  propagation  of  Salmon ; — Provisional  Report  on 
the  Measurement  of  Ships  for  Tonnage ; — On  Typical  Forms  of  Minerals,  Plants  and  Animals 
for  Museums ; — J,  Thomson,  Interim  Report  on  Progress  in  Researches  on  the  Measure- 
ment of  Water  by  Weir  Boards ; — R.  Mallet,  on  Observations  with  the  Seismometer ; — A. 
Cay  ley,  on  the  Progress  of  Theoretical  Dynamics ; — Report  of  a  Committee  appointed  to  con. 
aider  the  formation  of  a  Catalogue  of  Philosophical  Memoirs. 

Together  with  the  Transactions  of  the  Sections,  Dr.  Daubeny's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-SEVENTH  MEETING,  at 
Dublin,  1857,  Published  at  \5s. 

Contents: — A.  Cayley,  Report  on  the  Recent  Progress  of  Theoretical  Dynamics ;— Six- 
teenth and  final  Report  of  Committee  on  Experiment*  on  the  Growth  and  Vitality  of  Seeds  ; 
— James  Oldham,  C.E.,  continuation  of  Report  on  Steam  Navigation  at  Hull; — Report  of  a 
Committee  on  the  Defects  of  the  present  methods  of  Measuring  and  Registering  the  Tonnage 
of  Shipping,  as  also  of  Marine  Engine-Power,  and  to  frame  more  perfect  rules,  in  order  that 
a  correct  and  uniform  principle  may  be  adopted  to  estimate  the  Actual  Carrying  Capabilities 
and  Working-Power  of  Steam  Ships ;— Robert  Were  Fox,  Report  on  the  Temperature  of 
some  Deep  Mines  in  Cornwall  i~^Dr,  O.  Plarr,  De  quelques  Transformations  de  la  Somme 

-«afl+i/3#|+ij*l+i 
2*    -  «..  t  j,..!   <1+it  fl  e*l*nt  entier  negatif,  et  de  quelques  cas  dans  lesquels  celte  somme 

est  eiprimable  par  one  combinaison  de  faetorielles,  la  notation  a'l+1  design  ant  le  produit  des 
t  facteurs  a  (a-f  1)  (a+2)  &c....(a+f-l);— G.Dickie,  M.D.,  Report  on  the  Marine  Zoology 
of  Strangford  Lough,  County  Down,  and  corresponding  part  of  the  Irish  Channel ;— Charles 
Atherton,  Suggestions  for  Statistical  Inquiry  into  the  extent  to  which  Mercantile  Steam  Trans- 
port Economy  is  affected  by  the  Constructive  Type  of  Shipping,  as  respects  the  Proportions  of 
Length,  Breadth,  and  Depth;— J.  S.  Bowerbank,  Further  Report  on  the  Vitality  of  the  Spon- 
giadae; — John  P.  Hodges,  M.D.,  on  Flax; — Major- General  Sabine,  Report  of  the  Committee 
on  the  Magnetic  Survey  of  Great  Britain; — Rev.  Baden  Powell,  Report  on  Observations  of 
Luminous  Meteors,  1856-57  ; — C.Vignoles,  C.E.,  on  the  Adaptation  of  Suspension  Bridges  to 
sustain  the  passage  of  Railway  Trains ; — Professor  W.  A.  Miller,  M.D.,  on  Electro-Chemistry ; 
— John  Simpson,  R.N.,  Results  of  Thermometrical  Observations  made  at  the  '  Plover's ' 
Wintering-place,  Point  Barrow,  latitude  71°  21'  N.,  long.  156°  17'  W.,  in  1852-54 ;— Charles 
James  Hargreave,  LL.D.,  on  the  Algebraic  Couple;  and  on  the  Equivalents  of  Indeterminate 
Expressions; — Thomas  Grubb,  Report  on  the  Improvement  of  Telescope  and  Equatorial 
Mountings; — Professor  James  Buckman,  Report  on  the  Experimental  Plots  in  the  Botanical 
Garden  of  the  Royal  Agricultural  College  at  Cirencester ;— William  Fairbairn  on  the  Resistance 
of  Tubes  to  Collapse  {—George  C.  Hyndman,  Report  of  the  Proceedings  of  the  Belfast  Dredging 
Committee ; — Peter  W.  Barlow,  on  the  Mechanical  Effect  of  combining  Girders  and  Suspen- 
sion Chains,  and  a  Comparison  of  the  Weight  of  Metal  in  Ordinary  and  Suspension  Girders, 
to  produce  equal  deflections  with  a  given  load ; — J.  Park  Harrison,  M.A.,  Evidences  of  Lunar 
Influence  on  Temperature; — Report  on  the  Animal  and  Vegetable  Products  imported  Into 
Liverpool  from  the  year  1851  to  1855  (inclusive) ;— Andrew  Henderson,  Report  on  the  Sta- 
tistics of  Life-boats  and  Fishing-boats  on  the  Coasts  of  the  United  Kingdom. 

Together  with  the  Transactions  of  the  Sections,  Rev.  H.  Lloyd's  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-EIGHTH  MEETING,  at  Leeds, 
September  1858,  Published  at  20s. 

Co  if  tents: — R.  Mallet,  Fourth  Report  upon  the  Facts  and  Theory  of  Earthquake  Phe- 
nomena ;—  Rev.  Prof.  Powell,  Report  on  Observations  of  Luminous  Meteors,  1857-58 ; — R.  II. 
Meade,  on  some  Points  in  the  Anatomy  of  the  Araneidea  or  true  Spiders,  especially  on  the 
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internal  structure  of  their  Spinning  Organs;— W.  Fairbairn,  Report  of  the  Committee  oa  the 
Patent  Law*; — S.  Eddy,  on  the  l^ead  Mining  Districts  of  Yorkshire  ; — W.  Fairbairn,  on  the 
Collapse  of  Glass  Globes  and  Cylinders ; — Dr.  £.  Perceval  Wright  and  Prof.  J.  Reay  Greene, 
Report  on  the  Marine  Fauna  of  the  South  and  West  Coasts  of  Ireland ; — Prof.  J.  Thomson,  on 
Experiment*  on  the  Measurement  of  Water  by  Triangular  Notches  in  Weir  Boards; — Major- 
General  Sabine,  Report  of  the  Committee  on  the  Magnetic  Survey  of  Great  Britain ; — Michael 
Connal  and  William  Keddie,  Report  on  Animal,  Vegetable,  and  Mineral  Substances  imported 
from  Foreign  Countries  into  the  Clyde  (including  the  Ports  of  Glasgow,  Greenock,  and  Port 
Glasgow)  in  the  years  1853, 18*4, 1855, 1856,  and  1857 ;— Report  of  the  Committee  on  Ship- 
ping Statistics; — Rev.  H.  Lloyd,  D.D.,  Notice  of  the  Instruments  employed  in  the  Mag- 
netic Survey  of  Ireland,  with  some  of  the  Results; — Prot  J.  R.  Kinahan,  Report  of  Dahlia 
Dredging  Committee,  appointed  1857-58 ; — Prof.  J.  R.  Kinahan,  Report  on  Crustacea  of  Dub- 
lin District ; — Andrew  Henderson,  on  River  Steamers,  their  Form,  Construction,  and  Fittings, 
with  reference  to  the  necessity  fur  improving  the  present  means  of  Shallow-Water  Navigation 
on  the  Rivers  of  British  India; — George  C  Hyndman,  Report  of  the  Belfast  Dredging  Com- 
mittee ; — Appendix  to  Mr.  Vignoles's  paper  "  On  the  Adaptation  of  Suspension  Bridges  to  sus- 
tain the  passage  of  Railway  Trains ;" — Report  of  the  Joint  Committee  of  the  Royal  Society  and 
the  British  Association,  for  procuring  a  continuance  of  the  Magnetic  and  Meteorological  Ob- 
servatories ?— R.  Beckley,  Description  of  a  Self-recording  Anemometer. 

Together  with  the  Transactions  of  the  Sections,  Prof.  Owen's  Address,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  TWENTY-NINTH  MEETING,  at  Aberdeen, 
September  1859,  PMUkedai  15*. 

Cov tbnts  t — George  C.  Foster,  Preliminary  Report  on  the  Recent  Progress  and  Present 
State  of  Organic  Chemistry ; — Professor  Buck  man,  Report  on  the  Growth  of  Plants  in  the 
Garden  of  the  Royal  Agricultural  College,  Cirencester ;— Dr.  A.  Voelcker,  Report  on  Field 
Experiments  and  Laboratory  Researches  on  the  Constituents  of  Manures  essential  to  cultivated 
Crops ;— A.  Thomson,  Esq.  of  Banchory,  Report  on  the  Aberdeen  Industrial  Feeding  Schools; 
— On  the  Upper  Silurians  of  Lesmahago,  Lanarkshire  ; — Alphonse  Gages,  Report  on  the  Re- 
sults obtained  by  the  Mechanico-Chemical  Examination  of  Rocks  and  Minerals  ; — William 
Fairbairn,  Experiments  to  determine  the  Efficiency  of  Continuous  and  Self-acting  Break*  for 
Railway  Trains; — Professor  J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee  for 
1858-59; — Rev.  Baden  Powell,  Report  on  Observations  of  Luminous  Meteors  for  1853-59 ; 
— Professor  Owen,  Report  on  a  Series  of  Skulls  of  various  Tribes  of  Mankind  inhabiting 
Nepal,  collected,  and  presented  to  the  British  Museum,  by  Bryan  H.  Hodgson,  Esq.,  U:e  Re- 
sident  in  Nepal,  &c.  &c  ; — Messrs.  Ma&kelyne,  11  ado w,  Hardwich,  and  Llewelyn,  Report  on 
the  Present  State  of  our  Knowledge  regarding  the  Photographic  Image ; — G.  C.  Hyndman, 
Report  of  the  Belfast  Dredging  Committee  for  1359 ; — James  Oldham,  Continuation  of  Report 
of  the  Progress  of  Steam  Navigation  at  Hull; — Charles  Atherton,  Mercantile  Steam  Trans- 
port Economy  as  affected  by  the  Consumption  of  Coals; — Warren  de  la  Rue,  Repot t  on  the 
present  state  of  Celestial  Photography  in  England ; — Professor  Owen,  on  the  Orders  of  Fossil 
and  Recent  Reptilia,  and  their  Distribution  in  Time ; — Balfour  Stewart,  on  some  Results  of  the 
Magnetic  Survey  of  Scotland  in  the  years  1857  and  1858,  undertaken,  at  the  request  of  the 
British  Association,  by  the  late  John  Welsh,  Esq.,  F.R.S.;— W.  Fairbairn,  The  Patent  Laws: 
Report  of  Committee  on  the  Patent  Laws; — J.  Park  Harrison,  Lunar  Influence  on  the  Tem- 
perature of  the  Air; — Balfour  Stewart,  an  Account  of  the  Construction  of  the  Self-recording 
Magnetographs  at  present  in  operation  at  the  Kew  Observatory  of  the  British  Association ; — 
Prof.  H.  J,  Stephen  Smith,  Report  on  the  Theory  of  Numbers,  Part  I. ; — Report  of  the 
Committee  on  Steamship  performance ; — Report  of  the  Proceedings  of  the  Balloon  Committee 
of  the  British  Association  appointed  at  the  Meeting  at  Leeds ; — Prof.  William  K.  Sullivan, 
Preliminary  Report  on  the  Solubility  of  Salts  at  Temperatures  above  100°  Cent.,  and  on  the 
Mutual  Action  of  Salts  in  Solution. 

Together  with  the  Transactions  of  the  Sections,  Prince  Albert's  Ad  tress,  and  Recommenda- 
tions of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTIETH  MEETING,  at  Oxford,  June 
and  July  1860,  Published  at  IS*. 

Contents :— James  Glaiaher,  Report  on  Observations  of  Luminous  Meteors,  1859-60; — 
J.  R.  Kinahan,  Report  of  Dublin  Bay  Dredging  Committee  ;— Rev.  J.  Anderson,  Report  on 
the  Excavations  in  Dura  Den ; — Professor  Buckroan,  Report  on  the  Experimental  Plots  in  the 
Botanical  Garden  of  the  Royal  Agricultural  College,  Cirencester ;— Rer.  R.  Walker,  Report  of 
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the  Committee  on  Balloon  Ascents; — Prof.  W.  Thomson,  Report  of  Committee  appointed  to 
prepare  a  Self-recording  Atmospheric  Electrometer  for  Kew,  and  Portable  Apparatus  for  ob- 
serving Atmospheric  Electricity  ; — William  Fairbairn,  Experiments  to  detcimine  the  Effect  of 
Vibratory  Action  and  long-continued  Changes  of  Load  upon  W rough t-ir on  Girders ;— R.  P. 
Greg,  Catalogue  of  Meteorites  and  Fireballs,  from  a.d.  2  to  a.d.  1860 ; — Prof.  H.J.  S.  Smith, 
Report  on  the  Theory  of  Numbers,  Part  II.; — Vice-Admiral  Moorsom,  on  the  Performance  of 
Steam- vessels,  the  Functions  of  the  Screw,  and  the  Relation*  of  its  Diameter  and  Pitch  to  the 
Form  of  the  Vessel; — Rev.  W.  V.  Har court,  Report  on  the  Effects  of  long-continued  Heat, 
illustrative  of  Geological  Phenomena ;— Second  Report  of  the  Committee  on  Steamship  Per- 
formance ; — Interim  Report  on  the  Gauging  of  Water  by  Triangular  Notches ; — List  of  the 
British  Marine  Invertebrate  Fauna. 

Together  with  the  Transactions  of  the  Sections,  Lord  Wrottesley's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  thb  THIRTY-FIRST  MEETING,  at  Manches- 
ter, September  1861,  Published  at  £1. 

Contists  :— James  Glaisher,  Report  on  Observations  of  Luminous  Meteors ; — Dr.  E. 
Smith,  Report  on  the  Action  of  Prison  Diet  and  Discipline  on  the  Bodily  Functions  of  Pri- 
soners,  Part  I. ; — Charles  Atherton,  on  Freight  as  affected  by  Differences  in  the  Dynamic 
Properties  of  Steamships ;— Warren  De  la  Rue,  Report  on  the  Progress  of  Celestial  Photo- 
graphy since  the  Aberdeen  Meeting ;— B.  Stewart,  on  the  Theory  of  Exchanges,  and  Its  re- 
cent extension ;— Drs.  E.  Schunck,  R.  Angus  Smith,  and  H.  E.  Roscoe,  on  tWl  Recent  Pro- 
gress and  Present  Condition  of  Manufacturing  Chemistry  in  the  South  Lancashire  District ; — 
Dr.  J.  Hunt,  on  Ethno- Climatology ;  or,  the  Acclimatisation  of  Man ;— Prof.  J.  Thomson,  on 
Experiments  on  the  Gauging  of  Water  by  Triangular  Notches ;— Dr.  A.  Voeleker,  Report  on 
Field  Experiments  and  Laboratory  Researches  on  the  Constituents  of  Msnures  essential  to 
cultivated  Crops ; — Prof.  H.  Hennessy,  Provisional  Report  on  the  Present  8tate  of  our  Know- 
ledge respecting  the  Transmission  of  Sound-signals  during  Fogs  at  Sea; — Dr.  P.  L.  Sclater 
and  F.  von  Hochstetter,  Report  on  the  Present  State  of  our  Knowledge  of  the  Birds  of  the 
Oenus  Apttryx  living  in  New  Zealand ; — J.  G.  Jeffreys,  Report  of  the  Results  of  Deep-sea 
Dredging  in  Zetland,  with  a  Notice  of  several  Species  of  Molluscs  new  to  8cience  or  to  tht 
British  Isles;— Prof.  J.  Phillips,  Contributions  to  a  Report  on  the  Physical  Aspect  of  tht 
Moon; — W.  R.  Birt,  Contribution  to  a  Report  on  the  Physical  Aspect  of  the  Moon; — Dr. 
Collingwood  and  Mr.  Byerley,  Preliminary  Report  of  the  Dredging  Committee  of  the  Mersey 
and  Dee ; — Third  Report  of  the  Committee  on  Steamship  Performance ;— J.  G.  Jeffreys, 
Preliminary  Report  on  the  Best  Mode  of  preventing  the  Ravages  of  Teredo  and  other  Animals 
in  our  8htps  and  Harbours ; — R.  Mallet,  Report  on  the  Experiments  made  at  Holyhead  to 
ascertain  the  Transit-Velocity  of  Waves,  analogous  to  Earthquake  Waves,  through  the  local 
Rock  Formations ; — T.  Dob  son,  on  the  Explosions  in  British  Coal- Mines  during  the  year  1 859; 
— J.  Oldham,  Continuation  of  Report  on  Steam  Navigation  at  Hull ;— Professor  G.  Dickie, 
Brief  Summary  of  a  Report  on  the  Flora  of  the  North  of  Ireland ;— Professor  Owen,  on  the 
Psychical  and  Physical  Characters  of  the  Mincopies,  or  Natives  of  the  Andaman  Islands,  and 
on  the  Relations  thereby  indicated  to  other  Races  of  Mankind ; — Colonel  Sykes,  Report  of  the 
Balloon  Committee ; — Major-General  Sabine,  Report  on  the  Repetition  of  the  Magnetic  Sur- 
vey of  England  {—Interim  Report  of  the  Committee  for  Dredging  on  the  North  and  East 
Coasts  of  Scotland ; — W.  Fairbairn,  on  the  Resistance  of  Iron  Plates  to  8utical  Pressure  and 
the  Force  of  Impact  by  Projectiles  at  High  Velocities , — W.  Fairbairn,  Continuation  of  Report 
to  determine  the  effect  of  Vibratory  Action  and  long-continued  Changes  of  Load  upon 
Wrought-Iron  Girders ;— -Report  of  the  Committee  on  the  Law  of  Patents ;— Prof.  H.  J.  8. 
Smith,  Report  on  the  Theory  of  Numbers,  Part  III. 

Together  with  the  Transactions  of  the  Sections,  Mr.  Pairbairn'a  Address,  and  Recommen- 
dations of  the  Association  and  its  Committees. 


PROCEEDINGS  of  the  THIRTY-SECOND  MEETING,  at  Cam- 
bridge, October  1862,  PuMUked  at  £1. 

Contbmtb  :— James  Glaisher,  Report  on  Observations  of  Luminous  Meteors,  1861-68  r— 
G.  B.  Airy,  on  the  8trains  in  the  Interior  of  Beans ;— Archibald  Smith  and  F.  J.  Evans, 
Report  on  the  three  Reports  of  the  Liverpool  Compass  Committee  j— Report  on  Tidal  Ob- 
servations on  the  Homber »— T.  Aston,  on  Rifled  Guns  and  Projectiles  adapted  for  Attacking 
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Armour-plate  Defences ;— Extracts,  relating  to  the  Observatory  it  Kew,  from  a  Report 
presented  to  the  Portuguese  Government,  by  Dr.  J.  A.  de  Souza;— H.  T.  Mennell,  Report 
on  the  Dredging  of  the  Northumberland  Coast  and  Dogger  Bank ; — Dr.  Cuthbert  ColKng. 
wood.  Report  upon  the  best  means  of  advancing  Science  through  the  agency  of  the  Mercan- 
tile Maxiue; — Messrs.  Williamson,  Wheatstone,  Thomson,  Miller,  Matthiessen,  and  Jenkia, 
Provisional  Report  on  Standards  of  Electrical  Resistance ; — Preliminary  Report  of  the  Com- 
mittee  for  investigating  the  Chemical  and  Mineralogical  Composition  of  the  Granites  of  Do- 
nega! ; — Prof.  H.  Hennessy,  on  the  Vertical  Movements  of  the  Atmosphere  considered  ia 
connexion  with  Storms  and  Changes  of  Weather ;— Report  of  Committee  on  the  application 
of  Gauss's  General  Theory  of  Terrestrial  Magnetism  to  the  Magnetic  Variations ; — Ftoeming 
Jenkin,  on  Thermo-electric  Currents  in  Circuits  of  one  Metal ;— W.  Pairbairn,  on  the  Me- 
chanical Properties  of  Iron  Projectiles  at  High  Velocities; — A.  Cayley,  Report  on  the  Pro- 
gress of  the  Solution  of  certain  Special  Problems  of  Dynamics ; — Prof.  G.  G.  Stokes,  Report 
on  Double  Refraction ; — Fourth  Report  of  the  Committee  on  Steamship  Performance ; — 
G.  J.  Symons,  on  the  Fall  of  Rain  in  the  British  Isles  in  1860  and  1861 ;— J.  Ball,  on  Tber- 
mometric  Observations  in  the  Alps ;— J.  G.  Jeffreys,  Report  of  the  Committee  for  Dredging 
on  the  N.  and  E.  Coasts  of  Scotland ;— Report  of  the  Committee  on  Technical  and  Scientific 
Evidence  in  Courts  of  Law ; — James  Glaisher,  Account  of  Eight  Balloon  Ascents  in  1862  ;— 
Prof.  II.  J.  S.  Smith,  Report  on  the  Theory  of  Numbers,  Part  IV. 

Together  with  the  Transactions  of  the  Sections,  the  Rev.  Prot  R.  Willis's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTY-THIRD  MEETING,  at  New- 
castle- upon^Tyne,  August  and  September  1S6S,  Published  at  £\  5*. 

Contents  :— -Report  of  the  Committee  on  the  Application  of  Gun-cotton  to  Warlike  Par- 
poses;— A.  Matthiessen,  Report  on  the  Chemical  Nature  of  Alloys ;— Report  of  the  Com- 
mittee on  the  Chemical  and  Mineralogical  Constitution  of  the  Granites  of  Donegal,  and  of 
the  Rocks  associated  with  them ; — J.  G.  Jeffreys,  Report  of  the  Committee  appointed  for 
Exploring  the  Coasts  of  Shetland  by  means  of  the  Dredge ; — G.  D.  Gibb,  Report  on  the 
Physiological  Effects  of  the  Bromide  of  Ammonium ;— C.  K.  A  ken,  on  the  Transmutation  of 
Spectral  Rays,  Part  I.: — Dr.  Robinson,  Report  of  the  Committee  on  Fog  Signal*; — Report 
of  the  Committee  on  Standards  of  Electrical  Resistance ; — E.  Smith,  Abstract  of  Report  by 
the  Indian  Government  on  the  Foods  used  by  the  Free  and  Jail  Populations  in  India ; — A. 
Gages,  Synthetical  Researches  on  the  Formation  of  Minerals,  &c. ; — R.  Mallet,  PreBmiaary 
Report  on  the  Experimental  Determination  of  the  Temperatures  of  Volcanic  Foci,  and  of  the 
Temperature,  State  of  Saturation,  and  Velocity  of  the  issuing  Gases  and  Vapours ; — Report 
of  the  Committee  on  Observations  of  Luminous  Meteors; — Fifth  Report  of  the  Committee 
on  Steamship  Performance ;  G.  J.  AUman,  Report  on  the  Present  State  of  our  Knowledge 
of  the  Reproductive  System  in  the  Hydroida; — J.  Glaisher,  Account  of  Five  Balloon  Ascents 
made  in  1863; —  P.  P.  P,«rp<*ntgr.  Supplementary  Report  on  the  Present  State  of  our  Know- 
ledge with  regardLtQ  JJje  MoJlusca  of  the  west'uoast  of  Worth  America  s—l'fUfllMii  Airy, 
Report  on  Steam-boiler  Explosions; — C.  \V.  Siemens,  Observations  on  tne  Electrical  Resist- 
ance and  Electrification  of  some  Insulating  Materials  under  Pressures  np  to  300  Atmo- 
spheres ; — C  M.  Palmer,  on  the  Construction  of  Iron  Ships  and  the  Progress  of  Iron  Ship- 
building on  the  Tyne,  Wear,  and  Tees ; — Messrs.  Richardson,  Stevenson,  and  Ciapham,  on 
the  Chemical  Manufactures  of  the  Northern  Districts; — Messrs.  Sopwith  and  Richardson, 
on  the  Local  Manufacture  of  Lead,  Copper,  Zinc,  Antimony,  dec. ; — Messrs.  Daghsh  and 
Forster,  on  the  Magnesian  Limestone  of  Durham ;— J.  L.  Bell,  on  the  Manufacture  of  Iron 
in  connexion  with  the  Northumberland  and  Durham  Coal-field ;— T.  Spencer,  on  the  Manu- 
facture of  Steel  in  the  Northern  District;— H.  J.  S.  Smith,  Report  on  the  Theory  of  Num- 
bers, Part  V. 

Together  with  the  Transactions  of  the  Sections,  Sir  William  Armstrong's  Address,  and 
Recommendations  of  the  Association  and  its  Committees. 

PROCEEDINGS  op  the  THIRTY-FOURTH  MEETING,  at  Bath, 
September  1 864.    Published  at  1 8*. 

Contents  : — Report  of  the  Committee  for  Observations  of  Luminous  Meteors ;— Report 
of  the  Committee  on  the  best  means  of  providing  for  a  Uniformity  of  Weights  and  Mea- 
sures ; — T.  S.  Cobbold,  Report  of  Experiments  respecting  the  Development  and  Migration 
of  the  Entozoa ; — B.  W.  Richardson,  Report  on  the  Physiological  Action  of  Nitrite  of  Amy  I; 
—J.  Oldham,  Report  of  the  Committee  on  Tidal  Observations  ; — 0.  S.  Brady,  Report  on 
deep-sea  Dredging  on  the  Coasts  of  Northumberland  and  Durham  in  1864 ;— J.  Glaisher, 
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Account  of  Nine  Balloon  Ascents  mtde  in  1863  and  1864; — J.  O.  Jeffreys,  Farther  Report 
on  Shetland  Dredging* ; — Report  of  the  Committee  on  the  Distribution  of  the  Organic 
Remains  of  the  North  Staffordshire  Coal-field ; — Report  of  the  Committee  on  Standards  of 
Electrical  Resistance ;— G.  J.  Symons,  on  the  Fall  of  Rain  in  the  British  Isles  in  1862  and 
1863 ;—  W.  Fairbairn,  Preliminary  Investigation  of  the  Mechanical  Properties  of  the  pro- 
posed Atlantic  Cable. 

Together  with  the  Transactions  of  the  Sections,  Sir  Charles  Lyell'i  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 

PROCEEDINGS  of  the  THIRTY-FIFTH  MEETING,  at  Birming- 
ham, September  1865,  Published  at  £l  5s. 

Contents  : — J.  O.  Jeffreys,  Report  on  Dredging  among  the  Channel  Isles ; — F.  Bnckland, 
Report  on  the  Cultivation  of  Oysters  by  Natural  and  Artificial  Methods ; — Report  of  the 
Committee  for  exploring  Kent's  Cavern ; — Report  of  the  Committee  on  Zoological  Nomen- 
clature;— Report  on  the  Distribution  of  the  Organic  Remains  of  the  North  Staffordshire 
Coal-field ;— Report  on  the  Marine  Fauna  and  Flora  of  the  South  Coast  of  Devon  and  Corn- 
wall ; — Interim  Report  on  the  Resistance  of  Water  to  Floating  and  Immersed  Bodies ; — Re- 
port on  Observations  of  Luminous  Meteors ;— Report  on  Dredging  on  the  Coast  of  Aberdeen- 
shire ; — J.  Glaisher,  Account  of  Three  Balloon  Ascents ; — Interim  Report  on  the  Transmis- 
sion of  Sound  nnder  Water ; — G.  J.  Symons,  on  the  Rainfall  of  the  British  Isles; — W.  Fair- 
bairn,  on  the  Strength  of  Materials  considered  in  relation  to  the  Construction  of  Iron  Ships ; 
— Report  of  the  Gun-Cotton  Committee ;— A.  F.  Osier,  on  the  Horary  and  Diurnal  Variations 
in  the  Direction  and  Motion  of  the  Air  at  Wrottesley,  Liverpool,  and  Birmingham  ; — B.  W. 
Richardson,  Second  Report  on  the  Physiological  Action  of  certain  of  the  Amyl  Compounds ; 
— Report  on  further  Researches  in  the  Lingula-flags  of  South  Wales ; — Report  of  the  Lunar 
Committee  for  Mapping  the  Surface  of  the  Moon ;— Report  on  Standards  of  Electrical  Re- 
sistance ;— Report  of  the  Committee  appointed  to  communicate  with  the  Russian  Govern- 
ment respecting  Magnetical  Observations  at  Tiflis ;— Appendix  to  Report  on  the  Distribution 
of  the  Vertebrate  Remains  from  the  North  Staffordshire  Coal-field;— H.  Woodward,  First 
Report  on  the  Structure  and  Classification  of  the  Fossil  Crustacea  ; — H.  J.  S.  Smith,  Report 
on  the  Theory  of  Numbers,  Part  VI. ;— Report  on  the  best  means  of  providing  for  a  Unifor- 
mity of  Weights  and  Measures,  with  reference  to  the  interests  of  Science ; — A.  G.  Findlay, 
on  the  Bed  of  the  Ocean ;— Professor  A.  W.  Williamson,  on  the  Composition  of  Gases 
evolved  by  the  Bath  Spring  called  King's  Bath. 

Together  with  the  Transactions  of  the  Sections,  Professor  Phillips's  Address,  and  Recom- 
mendations of  the  Association  and  its  Committees. 


Printed  by  Taylor  ted  Francis,  Red  Lion  Court,  Fleet  Street. 
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1861.  *  Baker,  John.     (R.  Brooks  &  Co.,  St.  Peter's  Chambers,  Cornhfll, 

London.) 
1865.  §Baker,  Robert  L.     Victoria-villa,  Moseley-road,  Birmingham. 


LIST  OF  MEMBERS.  5 

Tear  of 
Election. 

1847.  {Baker,  Thomas  B.  Lloyd.    Hardwick-court,  Gloucester. 

1849.  #Baker,  William.    63  Gloucester-place,  Hyde  Park,  London,  W. 
1863.  §  Baker,  William.    6  Taptonville,  Sheffield. 

1845.  {Bake  well,  Frederick.  6  H  avers  tock- terrace,  Hampstead,  London,N.W. 

1860.  §Balding,  James,  M.R.C.S.    Barkway,  Royston,  Herts. 

1861.  •Baldwin,  The  Hon.  Robert,  H.M.  Attorney-General.    Spadina,  Co. 

York,  Upper  Canada. 
•Balfour,  John  Hutton,  M.D.,  M.A.,  F.R.S.  L.  &  E.,  F.L.S.,  Professor 
of  Medicine  and  Botany  in  the  University  of  Edinburgh.    27 
Inverleith-row,  Edinburgh. 
•Ball,  John,  M.R.I.A.,  F.L.S.    Oxford  and  Cambridge  Club,  Pall 
Mall,  London. 
1866.  §Ball,  Robert.    43  Wellington  Place,  Dublin. 
1863.  §Ball,  Thomas.    Bramcote,  Nottingham. 

•Ball,  William.    Bruce-grove,  near  London,  and  Rydall,  Ambleside! 
Westmoreland. 

1852.  {Bangor,  Viscount.    Castleward,  Co.  Down,  Ireland. 

1856.  {Banks,  Richard  William.    Kington,  Herefordshire. 
184a  {Banks,  Rev.  S.  H.,  LL.D.    Dullingham,  Newmarket. 
1842.     Bannerman,  Alexander. 

1861.  {Bannerman,  James  Alexander.   Limefield  nouse,  Higher  Broughton, 
near  Manchester. 

1853.  \Banni*Ury  Anthony . 

1866.  §Barber,  John.    Long-row,  Nottingham. 

1861.  # Barbour,  George.    Bolesworth  Castle,  Tattenhall,  Chester. 

1850.  {Barbour,  George  F.    Bouskeid,  Edinburgh. 
•Barbour,  Robert.    Bolesworth  Castle,  Chester. 

1855.  {Barclay,  Andrew.    Kilmarnock,  Scotland. 

Barclay,  Charles,  F.S.A.,  M.R.A.S.    Bury-hill,  Dorking. 

Barclay,  James.    Catrine,  Ayrshire. 
1852.  •Barclay,  J.  Gurney.    Walthamstow,  Essex. 
I860.  •Barclay,  Robert.  "Leyton,  Essex. 

1863.  {Barford,  J.  Gale.    Wellington  College,  Berks. 

1860.  •Barker,  Rev.  Arthur  Alcock,  B.D.    East  Bridgeford  Rectory,  Notts. 

1857.  {Barker,  John,  M.D.,  Curator  of  the  Royal  College  of  Surgeons  of 

Ireland.    Dublin. 

1865.  {Barker,  Stephen.    30  Frederick-street,  Edgbaston,  Birmingham. 
1846.  {Barlow,  Rev.  John,  M.A.,  F.R.S.,  F.L.S.,  F.G.S.    5  Berkeley-street, 

London,  W. 

Barlow,  Lieut.-Col.  Maurice  (14th  Regt.  of  Foot).    5  Great  George- 
street,  Dublin. 

Barlow,  Peter.    6  Great  George-street,  Dublin. 
1857.  {Barlow,  Peter  William,  F.R.S.,  F.G.S.     26  Great  George-street, 
Westminster,  London. 

1861.  •Barnard,  Major  R.  Cary.    Cambridge  House,  Bays-hill,  Cheltenham. 

1864.  *Barneby,  John  n.    Brockhampton  Park,  Worcester. 

Barnes,*  Rev.  Joseph  Watkins,M.A.,  F.C.P.S.  Kendal,  Westmoreland. 
•Barnes,  Thomas,  M.D.,  F.R.S.E.    Carlisle. 

Barnes,  Thomas  Addison, 
•Barnett,  Richard,  M.R.C.S.     10  The  Crescent,  Oxford. 

1859.  {Barr,  Lieut-Colonel,  Bombay  Army.   (Messrs.  Forbes,  Forbes  &  Co., 

0  King  William-street,  London.) 
1861.  #Barr,  W.  R.    Norris  Bank,  Heaton  Norris,  Stockport. 

1860.  {Barrett,  T.  B.    High-street,  Welshpool,  Montgomery. 
1852.  §Barrington,  Edward.    Fassaroe  Bray,  Co.  Wicklow. 

1852.  {Harrington,  Richard  S.    Trafalgar-terrace,  Monkstown,  Co.  Dublin. 

1866.  §  Barron.  William.    Elvaston  Nurseries,  Borrowash,  Derbv. 
.1863.     Barrow,  Capt.  C.  J.    Southwell. 
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1868.  \JBarry,  Bev.  A. 

1862.  #Barry,  Charles.    Lapswood,  Sydenham-hill,  Kent. 

Baretow,  Thomas*    Garrow-hill,  near  York. 
.1858.  *  Bartholomew,  Charles.    Broxholme,  Doncaater. 

1866.  {Bartholomew,  Hugh.    New  Gas-works,  Glasgow. 

1858.  'Bartholomew,  William  Hamond.    6  Grove-terrace,  Leeds. 

1851.  JBartlet,  A.  H.    Lower  Brook-street,  Ipswich. 

1867.  {Barton,  Folloit  W.    Clonellv,  Co.  Fermanagh. 

1862.  JBarton,  James.    Famdreg,  Dundalk 
•Barton,  John.    Bank  of  Ireland,  Dublin. 

1864.  §Bartrum,  John  S.    41  Gay-street,  Bath. 

1868.  *Barwick,  John  Marshall.    Albion-street,  Leeds. 

•Bashforth,  Rev.  Francis,  B.D.  Minting,  near  Horncastle,  Lincolnshire. 
1861.  JBass,  John  H.f  F.G.S.    287  Camden-road,  London,  N. 
1866.  *Bassett,  Henry.     10  Alfred-place,  Bedford-square,  London. 
1800.  §Bassett,  Richard.     Pelham-street,  Nottingham. 

1860.  {Bastard,  Thomas  H.    Charleton,  Blandford. 

1848.  {Bate,  C.  Spence,  F.R.S.,  F.L.S.    8  Mulgrave-place,  Plymouth 

Bateman,  James,  M.A.,  F.R.S.,  F.L.S.,  F.H.S.      Knyperslej  fl*U, 
near  Congleton,  Staffordshire. 
1842.  #Bateman,  John  Frederic,  C.E.,  F.R.S.,  F.G.S.     16  Great  George- 
street,  Westminster,  London. 
•Bateman,  Joseph,  LL.D.,  F.R.A.S.    Walthamstow,  London,  N.E. 

1864.  §Bates,  Henry  Walter,  Assist-Sec.  R.G.S.   15  Whitehall-place,  I*n- 

don,  S.W. 
Bateson,  John  Glynn.    Liverpool. 

1852.  {Bateson,  Sir  Robert,  Bart    Belvoir  Park,  Belfast 

1866.  §Bathoe,  Charles.    28  York-place,  Portman-square,  London,  W. 

1863.  *Bathurst,  Rev.  W.  H.    Lydney  Park,  Gloucestershire. 
1803.  §Bauerman,  H.    22  Acre-lane,  Brixton,  London. 

1861.  {Baxendell,  Joseph,  F.R.A.S.    108  Stock-street,  Manchester. 
1868.  %Baxter,  Mobert. 

•Bayldon,  John.    Horbury,  near  Wakefield. 
1851.  *Bayley,  George.    2  Cowper's-court,  Cornhill,  London,  E.C. 
1866.  §Bayley,  Thomas.     Lenton,  Nottingham. 

1854.  {Baylis,  C.  O.,  M.D.    51  Hamilton-square,  Birkenhead. 

1855.  \Bayly,  Capt.,  R.E. 

Bayly,  John.     1  Brunswick-terrace,  Plymouth. 
1842.    Bailey,  Thomas  Sebastian,  B.A.    Agden  Hall,  Lynim,  Warrington. 
Beal,  Captain.     Toronto,  Upper  Canada. 

1860.  •Beale,  Lionel  S.,  M.B.,  F.R.S.,  Professor  of  Physiology  and  of  Gene- 

ral and  Morbid  Anatomy  in  King's  College,  London.    61  Gros- 
venor-street,  London,  W. 
Beamish,  Francis  B. 

•Beamish,  Richard,  F.R.S.     {Local  Treasurer.)    Brightotone,  Im- 
port, Isle  of  Wight. 

1861.  JBean,  William.    Alfreton,  Derbyshire. 

1866.  •Beardmore,Nathanial.  30  Great  "George-street,  Westminster,  London. 
•Beatson,  William.    Rotherham. 

1857.  \Beattie,  Joseph. 

1865.  'Beaufort,  William  Morris,  F.R.G.S.    India.  .. 
1861.  #Beaumont,  Rev.  Thomas  George.    Chelmondiston  Rectory,  Ipaw** 

1859.  *Beck,  Joseph,  F.R.A.S.    31  Cornhill,  London. 
1851.  §Bec1cer,  Ernest,  Ph.D.     Darmstadt. 

1864.  §Becker,  Miss  L.  E.     10  Grove-street,  Ardwick,  Manchester. 

1865.  §  Beckett,  Henry,  F.G.S.    Pecnover,  near  Wolverhampton. 

1858.  'Beckett,  William.    Kirkstall  Grangb,  Leeds.  . 
1«60.  {Beckles,  Samuel  H.,  F.R.S..  F.G.S.     Enden-vilk.«f  Scbi<*f-«*4 

South  Norwood. 
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1866.  §Beddard,  James.    Derby-road,  Nottingham. 
1846.  { Beddome,  J.,  M.D.    Ramsey,  Hants. 

1854.  \Bedford,  Jam*,  Ph.D. 
1868.  ^Bedford,  James. 

1850.  {Begbie,  James,  M.D.    21  Alva-street,  Edinburgh. 

1846.  {Beke,  Charles  T.,  Ph.D.,  F.S.A.,  F.R.G.S.      Bekesbourno  House, 

near  Canterbury,  Kent. 
1865.  'Belavenetz,  I.,  Captain  of  the  Russian  Imperial  Navy,  F.R.I.G.S., 
M.S.C.M.A.,   Superintendent   of  the    Compass  Observatory, 
Cronstadt.    (Care    of  Messrs.  Baring  Brothers,  Bishopsgate- 
etreet,  London.) 

1847.  #Belcher,  Vice-Admiral  Sir  Edward,  Knt  C.B.,  F.R.A.S.,  F.R.G.S. 

22a  Connaught-square,  Edgeware-road,  London,  W. 
1847.  {Belcher,  William.    Abingdon. 
1850.  {Bell,  Charles,  M.D.    3  St.  Colme-street,  Edinburgh. 

Bell,  Frederick  John.    Woodlands,  near  Maldon,  Essex. 

1859.  {Bell,  George.    Windsor-buildings,  Dumbarton. 

1860.  {Bell,  Rev.  George  Charles,  M.A.    The  College,  Dulwich,  Surrey,  S. 

1855.  {Bell,  Capt  Henry.    Chalfont  Lodge,  Cheltenham. 

1862.  #Bell,  Isaac  Lowthian.    The  Hall,  Washington,  Co.  Durham. 

1853.  J  Bell,  John  Pearson,  M.D.    Waverley  House,  Hull. 
•Bell,  Matthew  P.    245  St.  Vincent-street,  Glasgow. 

1859.  {Bell,  Robert,  jun.    3  Airlie-place,  Dundee. 
1864.  {Bell,  R.    Queen's  College,  Kingston,  Canada. 
1855.  \BeUy  the  late  Sheriff.     Glasgow. 

BeU,  Thomas,  F.R.S.,  F.L.S.,  F.G.S.,  Professor  of  Zoology  King's 
College,  London.    The  Wakes,  Selborne,  near  Alton,  Hants. 

1863.  #Bell,  Thomas.    Usworth  House,  Gateshead,  Durham. 
1842.    Bellhouse,  Edward  Taylor.    Eagle  Foundry,  Manchester. 

1854.  {Bellhouse,  William  Dawson.     1  Park-street,  Leeds. 

Bellingham,  Sir  Alan.    Castle  Bellingham,  Ireland. 
1866.  *Belper,  The  Right  Hon.  Lord,  M.A.,  F.R.S.,  F.G.S.    88  Eaton- 

Xire,  London,  S.W. :  and  Kingston  Hall,  Nottingham. 

1848.  {Benham,  E.    18  Essex-street,  Strand,  London. 

1850.  {Bennett,  John  Hughes,  M.D.,  F.R.S.E.,  Professor  of  Institutes  of 

Medicine  in  the  University  of  Edinburgh.     1  Glenfinlas-street, 

Edinburgh. 
1852.  •Bennoch,  Francis.    The  Knoll,  Blackheath,  Kent. 
1&37.  {Benson,  Charles.     11  Fitzwilliam-square  West,  Dublin. 

Benson,  Robert,  jun.    Fairfield,  Manchester. 
1848.  {Benson,  Starling,  F.G.S.    Gloucester-nlace,  Swansea. 
1863.  {Benson,  William.    Fourstones  Court,  Newcastle-on-Tyne. 
1848.  {Bentham,  George,  F.R.S.,  Pres.  L.S.  26  Wilton-place,  Knightsbridge, 

London. 
1842.    Bentley,  John.    9  Portland-place,  London. 
1845.  {Bentley,  J.  Flowers.    Stamford,  Lincolnshire, 
1863.  SBentley,  Robert,  F.L.S.,  Professor  of  Botany  in  King's  College. 

55  Clifton-road,  St  John's-wood,  London,  N.W. 
1865.  SBergor,  C.  H.,  F.C.S.    Lower  Clapton,  London,  N.E. 
1863.  {Berkley,  C.     Marley  Hill,  Gateshead,  Durham. 
1848.  {Berrington,  Arthur' V.  1).    Woodlands  Castle,  near  Swansea. 

*Berryman,  William  Richard.    6  Tamar-terrace,  Stoke,  Devonport 
1862,  {Besant,  William  Henry,  M.A.    St.  John's  College,  Cambridge. 
1865.  §  Bessemer,  Henry.    Denmark-hill,  Camberwell,  London,  S. 

1858.  {Best,  William.     Leydon-terrace,  Leeds. 

1865.  §  Sevan,  Hugh  J.  C.    The  Temple,  London,  E.C. 

1859.  {Beveridge,  Robert,  M.B.    20  Union-street,  Aberdeen. 
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1863.  |  Bewick,  Thomas  John.    Allenheads,  Carlisle, 

•BickerdLike,  Rev.  John,  M.A.    St.  Mark's  Parsonage,  Leeds. 
Bickersteth,  Robert    Rodney-street,  LiverpooL 
1863.  {Bigger,  Benjamin.    Gateshead,  Durham. 
1864  {Biggs,  Robert.    17  Charles-street,  Bath. 

1655.  | Billings,  Robert  William.  4  St  Mary's-road,  Canonbury,  London,  N. 
Bilton,  Rev.  William,  MA.,  F.G.S.   United  University  Club,  Suffolk- 
street,  London,  S.W. ;  and  Chislehurst,  Kent 
1842.    Binnev,  Edward  William,  F.R.S.,  F.G.S.    40  Cross-street,  Man- 
chester. 
1842.  'Binyon,  Thomas.    Henwick  Grove,  Worcester. 
Birchall,  Edwin.     College-house,  Bradford. 
Birchall,  Henry.     Scarsdale-villas,  Kensington. 
1854  {Bird,  William  Smith.    Dingle  Priory,  near  Liverpool. 

1865.  ^Birkenhead,  Edward  Hasketh,  D.Sc/F.G.S.,  Royal  Lrfimary  School 

of  Medicine,  Liverpool. 
Birkenshaw.  John  Cam. 

1862.  §Birkin,  Richard.    Apslev  Hall,  Nottingham. 

1866.  *Birkin,  Richard,  jun.    The  Park,  Nottingham. 
*Birks,  Rev.  Thomas  Rawmm. 

1842.  *Birley,  Richard.    Seedley,  Pendleton,  Manchester. 
1861.  {Birley,  Thomas  Thornely.    Highiield,  Heaton  Mersey,  Manchester. 
1841.  #Birt,  William   Radcliff,"  F.R.A.S.     Cynthia-villa,  Clarendon-road, 
Walthamstow. 

1854.  \Bishop,  Rev.  Francis. 

1866.  §  Bishop,  Thomas.    Bramcote,  Nottingham. 

1863.  J  Black,  William.    South  Shields. 

Blackburn,  Betcicke. 

Blackburne,  Right  Hon.  Francis.    34  Merrion-square  South,  Dublin. 
Blackburne,  Rev.  John,  M.A.    Yarmouth,  Isle  of  Wight 
Blackburne,  Rev.  John,  jun.,  M.A.    Rectory,  Horton,  near  Chip* 
penham. 
1850.  JBlackie,  John  Stewart,  Professor  of  Greek.    Edinburgh. 

1855.  •Blackie,  W.  G.,  Ph.D.,  F.R.G.S.     10  Kew-terrace,  Glasgow. 
•Blackball,  John,  F.L.S.  Ilendre  House,  near  Llanrwst,  Denbigh- 
shire. 

1863.  {Bladen,  Charles.    Jarrow  Iron  Company,  Newcastle-on-Tyne. 

1859.  {Blaikie,  Sir  Thomas.    Kingseat,  Aberdeen. 

1863.  §  Blake,  C.  Carter,  F.G.S.  Anthropological  Society,  4  St  Martin  V 
place,  Trafalgar-square,  London,  W.C. 

1840.  •Blake,HenryWoflaston,M.A.,F.R.S.  8  Devonshire-place,  Portland- 
place,  London,  Wr. 

1846.  •  Blake,  William.    South  Petherton,  Ilminster. 

1865.  *Blakeley,  Captain.  Blakeley  Ordnance  Company,  Bear-lane,  South- 
wark,  London. 

1860.  {Blakeley,  Capt  A.  T.  34  Montpellicr-square,  Knightsbridge,  London. 
1845.  {Blakesley,  Rev.  J.  W.,  RD.    Ware  Vicarage,  Heiifoidsbiie, 

1861.  §Blakiston,  Matthew.    Mobberley,  Knutsford. 
•Blakiston,  Peyton,  M.D.,  F.R.S.    St  Leonard's-on-Sea. 

.     #Bland,  Rev.  Miles,  D.D.,  F.R.S.,  F.S.A.,  F.R. A.S.    5  Royal- 
Ramsgate. 
Blanshard,  William.    Redcar. 

Blore,  Edward,  F.S.A.    4  Manchester-square,  London,  W. 
1853.  {Blundell,  Henry  J.  P.    Brunswick  House,  Beverley-road,  HulL 
1850.  {Blunt,  Sir  Charles,  Bart.     Heathfield  Park,  Sussex. 

Blunt,  Henry.    Shrewsbury. 
1850.  {Blunt,  Cant  Richard.    Bretlands,  Chertsey,  Surrey. 
Blyth,  B.  Hall.    135  George-street,  Edinburgh, 
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1850.  tBlyth,  John,  M.D.,  Professor  of  Chemistry  in  Queen's  College!  Cork. 

1868.  *  Blythe,  William.    Holland  Bank,  Church,  near  Accrington. 

Boase,  C.  W.    Dundee. 

1845.  £Bodmer,  Rodolphe.    Newnort,  Monmouthshire. 
1864.  JBogg,  J.    Louth,  Lincolnshire. 

1866.  §Bogg,  Thomas  Wemvss.    Louth.  Lincolnshire. 
1859.  #Bohn,  Henry  G.,  F.R.G.S.    York-street.  Covent  Garden,  London. 
•Boileau,  Sir  John  Peter;  Bart.,  F.R.S.     20  Upper  Brook-street, 
London ;  and  Kettenngham  Hall,  Norfolk. 

1869.  ^Bolster,  Her.  Prebendary  John  A.    Cork. 

Bolton,  R.  L.    Gambier-terrace,  Liverpool. 
1849.  J  Bolton,  Thomas.    Hyde  House,  near  Stourbridge. 
1866.  §Bond,  Banks.    Low  Pavement,  Nottingham. 
1863.  {Bond,  Francis  T.,  M.D.    Hartley  Institution,  Southampton. 

Bond,  Henry  John  Hayes,  M.D.     Cambridge. 

Bonomi,  Ignatius.    86  BLandford-equare,  London,  N.  W. 

Bonomi,  Joseph.    Soane's  Museum,  15  Lincoln's-Inn-fields,  London. 
1866.  JBooker,  W.  II.     Cromwell-terrace,  Nottingham. 
1861.  §Booth,  James.    Castlemere,  Rochdale. 
1835.  JBooth,  Rev.  James,  LL.D.,  F.R.S.,  F.R.A.S.    The  Vicarage,  Stone, 

near  Aylesbury. 
1861.  #Booth,  John.    Monton,  near  Manchester. 
1861.  *Booth,  Councillor  William.    Dawson-street,  Manchester. 
1861.  #Borchardt,  Dr.  Louis.    Bloomsbury,  Oxford-road,  Manchester. 

1849.  JBoreham,  William  W.,  F.R.A.S.    Haverhill,  Suffolk. 
1863.  JBorries,  Theodore.    Lovaine-crescent,  Newcastle-on-Tyne. 

•Boseey,  Francis,  M.D.    Oxford-terrace,  Red  Hill,  Surrey. 
Bosworth,  Rev.  Joseph,  LL.D.,  F.R.S.,  F.S.A.,  M.R.I.A.,  Professor 
of  Aiiglo-Saxon  in  the  University  of  Oxford.    Oxford. 
1859.  JBothwell,  Ueorge  B.    9  Bon  Accord-square,  Aberdeen. 
1858.  JBotterill,  John.    Burley,  near  Leeds. 

Bottomley,  William,    i'orbreda,  Belfast 

1850.  JBouch,  Thomas,  C.E.    1  South  Hanover-street,  Edinburgh. 

Bourne,  Lieut. -Col.  J.  D.     Heathfield,  Liverpool. 
1866.  §Bourne,  Stephen.    Hudstone-drive,  Harrow. 
1858.  jBousfield,  Charles.    Roundhay,  near  Leeds. 

1846.  #Bowerbank,  James  Scott,  LL.D.,  F.R.S.,  F.R.A.S.    2  East  Ascent, 

St.  Leonard's. 

1856.  *Bowlby,  Miss  F.  E.    27  Lansdown-crescent,  Cheltenham. 
1866.  *Bowman,  E.    Victoria  Park,  Manchester. 

1863.  {Bowman,  R.  Benson.    Newcastle-on-Tyne. 

Bowman,  William,  F.R.S.    6  Clifford-street,  London,  W. 
JBowring,  Sir  John,  LL.D.,  F.R.S.     Athenaeum  Club,  Pall  Mall, 
London ;  and  Claremont,  Exeter. 
1863.  SBowron,  James.    South  Stockton-on-Tees. 

1863.  5  Boyd,  Edward  Fen  wick.    Moor  House,  near  Durham. 

Boyle,  Alexander,  M.R.I. A.    35  College  Green,  Dublin. 
1865.  {Boyle,  Rev.  G.  D.    Soho  House,  Handsworth,  Birmingham. 

Brabant,  R.  H,  M.D.    Bath. 

Bracebndce,  Charles  Holt,  F.R.G.S.    The  Hall,  Atherstone,  War- 
wickshire. 
1849.  tBracey,  Charles.    Birmingham. 

1864.  §  Bradbury,  Thomas.    Longroyde,  Brighouse. 

Bradshaw,  Rei\  John. 
1 80 1 .  *  Bradshaw,  William .    Mosley-street ,  Manchester. 
1842.  *Bradv,  Antonio.     Maryland  Point,  Essex. 
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De  Tablev,  George,  Lord,  F.Z.S.  Tabley  House,  Knutsford,  Cheshire. 
•Devonshire,  William,  Duke  of,  KG.,  M.A.,  LL.D.,  F.R.S.,  F.G.S., 
F.R.G.S.,  Chancellor  of  the  University  of  Cambridge.    Devon- 
shire House,  Piccadilly,  London,  W.  j  and  Chatsworth,  Derby- 
shire. 
I860.  (Dewar,  Rev.  D.,  D.D.,  LL.D.,  Principal  of  Marischal  College,  Aber- 
deen. 

1858.  tDibb,  Thomas  Townend.    Little  Woodhouse,  Leeds. 

1860.  jDick,  Professor  Wrilliam.     Veterinary  College,  Edinburgh* 
1854.  (Dicker,  J.  R.     29  Exchange-alley  North,  Liverpool. 

1862.  (Dickie,  G.,  M.D.,  Professor  of  Natural  History  in  Queen's  College 

Belfast. 
1804.  ^Dickinson,  F.  H.    Wringweston.  Somerton,  Taunton, 

1863.  (Dickinson,  G.  T.     Claremont-place,  Newcastle-on-Tvne. 

1853.  •Dickinson,  Joseph,  M.D.,  F.R.S.   92  Bedford-street  South,  Liverpool. 

1861.  *Dickinson,  W.  L.     1  St.  James's-street,  Manchester. 
1848.  (Dickson,  Peter.     28  Upper  Brook-street,  London,  W. 

1863.  *Dickson,  William,  Clerk  of  the  Peace  for  Northumberland.    Alnwick, 

Northumberland. 
•Dikes,  William  Hev,  F.G.S.    WakeBeld. 
•Dilke,  Sir  C.  Wentworth,  Bart.,  F.L.S.,  F.G.S.,  F.R.G.S.    76Slotne- 

street,  London. 

1862.  #Dilke,  Charles  W7entworth.    76  Sloane  Street,  London,  S.W. 
1848.  (Dillwyn,  Lewis  Llewelyn,  M.P.,  F.L.S.,  F.G.S.     Parkwern,  new 

Swansea. 

1859.  #Dingle,  Rev.  J.    Lanchester,  Durham. 

Dircks,  Henry,  C.E.,  F.C.S.     48  Charing  Cross,  London,  W.C. 

1853.  (Dixon,  Edward,  M.InstC.E.    Wilton  House,  Southampton. 

1854.  (Dixon,  Hugh.    Devonshire  House,  Birkenhead. 
1865.  (Dixon,  L.    Hooton,  Cheshire. 

1858.  \Dirm,  Isaiah. 

Dixon,  Rev.  W.  H.    Bishopthorpe,  near  York. 
1861.  (Dixon;  W.  Hepworth,  F.S. A.,  F.R.G.S.    Essex-villas,  QaeenVroad, 
St.  John's-wood,  London. 

1859.  (Duron,  William  Smith. 

•Dobbin,  Leonard, jun.,  M.R.I.A.    27  Gardiner's-place,  Dublin. 
1851.  (Dobbin,  Orlando  T.,  LL.D.,  M.R.I. A.    Ballivor,  Kells,  Co.  Meat*. 

1860.  (Dobba,  Archibald  Edward.    Balliol  College,  Oxford. 

1864.  •Dobson,  William.    Oakwood,  Bathwick-hill,  Bath. 

Dockray,  Benjamin.    Lancaster. 
1857.  (Dodds,  Thomas  W.,  C.E.    Rotherham. 

•Dods worth,  Benjamin.    St.  Leonard's-place,  York. 
•Dodsworth,  George.     Clifton-grove,  near  York. 
Dolphin,  John.     Delves  House,  Berry  Edge,  near  Gateshead. 
1851.  (Domvile,  William  C,  F.Z.S.    Thorn-hill,  Bray,  Dublin. 

•Donisthorpe,  George  Edmund.    Hollv  Bank,  Moortown,  Leeds. 

1860.  (Donkin,  William  Fishburn,M.  A.,  F.R'S.,  F.R.A.S.,  Savilian ProfesMf 

of  Astronomy  in  the  University  of  Oxford.     34  Broad-street, 
Oxford. 

1861.  (Donnelly,  Captain,  R.E.    South  Kensington  Museum,  London,  "• 
1857.  #Donnelly,  William,  C.B.,  Registrar-General  for  Ireland.     Auburn, 

Malahide,  Ireland. 
1857.  (Donovan,  M.,  M.R.LA.     Clare-street,  Dublin. 

1863.  (Doubleday,  Thomas.    25  Ridley-place,  Newcastle-upon-iyue. 
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1863.  *Doughty,  C.  Montague.    Downing  College,  Cambridge. 
Douglas,  James.    Cavers,  Roxburghshire. 

1855.  §Dove,  Hector,  F.G.S.    Rose  Cottage,  Trinity,  near  Edinburgh. 

Downall,  Rev.  John.     Okehampton,  Devon. 

1857.  J  Downing,  S.,  LL.D.,  Professor  of  Civil  Engineering  in  the  University 

of  Dublin.    Dublin. 
1865.  *Dowson,  E.  Theodore.    Geldestone,  near  Beccles,  Suffolk. 
1852.  {Drennan,  Dr.    Chichester-street,  Belfast. 

Drennan,  William,  M.R.I.A.    85  North  Cumberland-street,  Dublin. 

1865.  {Drew,  Robert  A.    6  Stanley-place,  Duke-street,  Broughton,  Man- 

chester. 
Drummond,  David.     Stirling. 
Drummond,  H.  Home,  F.R.S.E.    Blair  Drummond,  Stirling. 

1858.  {Drummond,  James.    Greenock. 

1859.  f  Drummond,  Robert    17  Stratton-street,  London,  W. 

1866.  *Dry,  Thomas.    12  Gloucester-road,  Regent's  Park,  London. 

1863.  {Dryden,  James.    South  Benwell,  Northumberland. 

1856.  *Ducie,  Henry  John  Reynolds  Moreton,  Earl  of,  F.R.S.     1  Belgrave- 

square,  London,  S.  W.j  andTortworth-court,Wotton-under-Edge, 
1835.  \DuckeU,  Joseph  F. 
1846.  {Duckworth,  William.    Beechwood,  near  Southampton. 

1852.  {Dufferin,  The  Rt  Hon.  Lord.    Highgate,  London ;  and  Clandeboye, 

Belfast 
1859.  #Duncan,  Alexander.    Rhode  Island,  United  States. 
1859.  {Duncan,  Charles.    52  Union-place,  Aberdeen. 

•Duncan,  James,  M.D.    Farnham  House,  Finglass,  Co.  Dublin. 
1866.  *Duncan,  James.    9  Mincing-lane,  London,  E.C. 
1861.  I  Duncan,  James,     Greenock. 
{ Duncan,  John  W. 

Duncan,  J.  F.,  M.D.     19  Gardiner's-place,  Dublin. 
Duncan,  W.  Henri/,  M.D.    Liverpool. 

1848.  %Dwidas,  Colonel,  k.A. 

Dundas,  Major- General  Robert. 

Dunlop,  Alexander.     Clober,  Milngavie,  near  Glasgow. 

1853.  *  Dunlop,  William  nenry.    Annan-hill,  Kilmarnock. 

1865.  §Dunn,  David.     Annct  House,  Skelmorlie,  by  Greenock,  N.B. 
SDunn,  Robert,  F.R.C.S.     31  Norfolk-street,  Strand,  London  W.C. 

Dunnington-Jefferson,  Rev.  Joseph,  M.A.,  F.C.P.S.    Thicket  Hall, 
York. 

1857.  {Du  Noyer,  George  V.     51  Stephen's  Green,  Dublin. 
•Dunraven,  Edwin,  Earl  of,  F.R.S.,F.R.A.S.,  F.G.S.,  F.R.G.S.  Adare 

Manor,  Co.  Limerick ;  and  Dunraven  Castle,  Glamorganshire. 

1859.  {Duns,  Rev.  John,  F.R.S.E.    Torphichan,  Bathgate,  N.  B. 
1852.  {Dunville,  William.    Richmond  Lodge,  Belfast. 

1849.  {Duppa,  Duppa.     Church  Stretton,  Shropshire. 

1866.  §Duprey,  Perry.    Woodbury  Down,  Stoke  Newington,  London,  N. 

1860.  {Durham,  Arthur  Edward,  F.R.C.S.,  F.L.S.,  Demonstrator  of  Ana- 

tomv,  Guy's  Hospital,  London,  S.E. 

Durnford,  Rev.  R.  Middleton,  Lancashire. 
1851.  {Durrant,  C.  M.,  M.D.  Rushmere,  Ipswich. 
1857.  {Dwyer,  Henry  L.f  M.A.,  M.B.    67  Upper  Sackville-street,  Dublin. 

Dykes,  Robert    Kilmorie,  Torquay,  Devon. 

1861.  {Eadson,  Richard.    13  Hyde-road,  Manchester. 

1864.  {Earle,  Rev.  A.     Rectorv,  Monkton  Farleigh,  Bath. 

Earle,  Charles,  F.G.S. 
•Earnshaw,  Rev.  Samuel,  M.A.    Broomfield,  Sheffield. 
1863.  §Easton,  James.    Nest  House,  near  Gateshead,  Durham 
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Eaton,  Rev.  George,  M.A.    The  Pole,  Northwich. 
Ebden,  Rev. James  Collett,  M. A.,  F.R.A.S.,  F.C.P.S.    Great  Stukeley 
Vicarage,  Huntingdonshire. 
1801.  tEcroyd,  William  Fairer.     Spring  Cottage,  near  Burnley. 

•Eddison,  Edwin.    Headingley-hill,  Leeds. 
18-58.  *  Eddison,  Francis.    North  Laiths,  Ollerton,  Newark. 
•Eddy,  Jamea  R.,  F.G.S.     Carleton  Grange,  Skipton. 
Eden,  Thomas.    Riversdale-road,  Aigburth,  Liverpool. 

1852.  t Edgar,  Rev.  — ,  D.D.     University-square,  Bel&st 
186L  J  Edge,  John  William.    Peicv-street,  Hulme,  Manchester. 

•Edgeworth,  Michael  P.,  F.LT.S.,  F.R. A.S.     Mastriin  House,  Anerley. 
London,  S. 
1855.  }JEWjyfofi,  Thomas. 

1855.  JEdmiston,  Robert.    Elmbank-crescent,  Glasgow. 
1859.  {Edmond,  James.    Cardena  Haugh,  Aberdeen. 

1853.  *Edmonddmy  Set.  John. 

Edwards,  James,  JB^i. 
Edwards,  John.    Halifax. 
1855.  •  Edwards,  J.  Baker,  Ph.D.    Royal  Institution  Laboratory,  Liverpool. 
•Egerton,  Sir  Philip  de  Malpas  Grey,  Bart,  M.P.,  F.R.S.,  P.U.& 

Oulton  Park,  Tarporlev,  Cheshire. 
Eeginton,  Samuel  Hall.    Sorth  Ferriby,  Yorkshire. 
1859.  •ETsdale.  David  A.,  M.A.    38  Dublin-street,  Edinburgh. 

1854.  JElcum,  Charles  Frederick.    3  Crescent-terrace,  Cheltenham. 

1855.  |  Elder,  l^avid.     19  Paterson-street,  Glasgow. 

1858.  {Elder,  John.     12  Centre-street,  Glasgow. 

EUacombe,  Rev.  H.  T.,  F.S.A.    Bilton,  near  Bristol. 

1863.  tEllenberger,  J.  L.    Worksop. 

1855.  §EUiot,  Robert.     Wolflee,  Hawick. 

1861.  •Elliot,  Sir  Walter,  F.L.S.    Wolflee,  Hawick. 

1864.  JElliott,  R  B.     Washington,  United  States, 

1862.  §Elliott,  Frederick  Henry,  M.A.    449  Strand,  London,  W.C. 

Elliott,  John  Fo<r?r.    Elvet-hill,  Durham. 

1859.  JEllis,  Henry  S.,  F.R.A.S.    Fair  Park,  Exeter. 

1857.  {Ellis,  Hercules.    Lisnaroc,  Clones,  Ireland. 

1864.  •Ellis,  Alexander  John,  B.A.,  F.R.S.    25  Argyll-road,  Kensington, 

London,  W. 
1864.  •  Ellis,  Joseph.    Brighton. 
1864.  §EUis,  J.  W*.     High  House,  Thornwaite,  Ripley,  Yorkshire. 

•Ellis,  Rev.  Robert,  A.M.  Grimstone  House,  near  Malton,  Yorkshire. 
Ellman,  Rev.  E  B.    Berwick  Rectory,  near  Lewes,  Sussex. 

1862.  JElphinstone,  H.  W.,  M.A.,  F.L.S.    Cadogan-place,  London,  S.W. 

Eltoft,  William.    Care  of  J.  Thompson,  Esq.,  30  New  Cannon-street, 
Manchester. 

1856.  XElwait,  Mons^  LL.D. 

1863.  (Emhleton,  Dennis,  M.D.    Northumberland-street,  Newcastle-upon- 

Tyne 
1863.  tEmery>  Rev.  W.,  B.D.     Corpus  Christi  College,  Cambridge. 

1858.  jEmpeon,  Christopher.  Heaaingley,  near  Leeds. 
1866.  §Enfield,  Richard.  Low  Pavement,  Nottingham. 
1866.  §  Enfield,  William.    Low  Pavement,  Nottingham. 

1853.  {English,  Ed garWilkins.  Yorkshire  Banking  Company,  Lowgate, Hull. 
Enniskillen,  William  Willoughby,  Earl  of,  D.C.L.tF.R.S.,M.R.I^t 
F.G.S.  32a  Mount-street,  Grosvenor-aquare, London,' S.W. ;  and 
Florence  Court,  Fermanagh,  Ireland. 
•Envs,  John  Samuel,  F.G.S.    Envs,  Cornwall. 
•Erie,   Rev.   Christopher,  M.A./  F.G.S.     Hardwick  Rectory,  near 
Aylesbury 
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1664.  #Eskrigra,  R.  A.    24  Albany,  Old  Hall-street  LiverpopL    . 

1862.  #Esson,  William,  M.A.    Ness  House,  Cheltenham. 

Estcourt,  Rev.  W.  J.  B.    Long  Newton,  Tetbury. 

&utacet  John,  M.J). 
1866.  #Evans,  Rev.  Charles,  M.A.     King  Edward's  School,  New-street, 

Birmingham. 
1864.  {Evans,  Edward.    Rock  Ferry,  Liverpool. 
1849.  *Evans,  George  Fabian,  M.D.    Waterloo-street,  Birmingham. 

1848.  SEvans,  Griffith  F.  D.,  M.D.    Trewern,  near  Welshpool,  Montgomery- 

shire. 
1861.  #Evans,  John,  F.R.S.,  F.S.A.,  F.G.S.  Nash  Mills,  Hemel  Hempstead. 
1866.  §Evans,  Sebastian,  M.A.    Highgate,  near  Birmingham. 
1866.  J  Evans,  Thomas.    Belper,  Derbyshire. 
1866.  •  Evans,  William.    Chad-road,  Edgbaston,  Birmingham. 

Evanson,  R.  T.,  M.D.    Holme  Hurst,  Torquay. 
1864.  (Everest,  A.  M.  Robert.    11  Reform  Club,  London,  S.W. 

1863.  *Everitt,  George  Allen,  F.R.G.S.,  Belgian  ConsuL    Birmingham. 

Ewart,  William,    6  Cambridge-square,  Hyde  Park,  London,  W.; 
and  Broadlands,  Devizes. 
1869.  *Ewing,  Archibald  Orr.    Clermont  House,  Glasgow. 
1866.  *Ewing,  William.    209  Brandon-place,  West  George-street,  Glasgow. 
1846  #Eyre,    George   Edward,   F.G.S..   F.R.G.S.     69  Lowndes-square, 
Knightsbridge,  London j  and  Warren's,  near  Lyndhurst,  Hants. 
1866.  §Eyre,  Maior-GeneraL    Athenaeum  Club,  Pall  Mall,  London,  S.W. 
Eyton,  Charles.    Hendred  House,  Abingdon. 

1849.  {Eyton,  T.  C.    Eyton,  near  Wellington,  Salop. 

1842,    Fairbairn,  Thomas.    Manchester. 

•Fairbairn,  William,  C.E.,  LL.D.,  F.R.S.,  F.R.G.S.    Manchester. 
1866.  JFairbank,  F.  R,  M.A.    St  Mary's-terrace,  Hulme,  Manchester. 
1866.  iFairley,  Thomas.    Medical  School,  Leeds. 
.  1864.  JFalkner,  F.  H.     Lyncombe,  Bath. 

Fannin,  John,  M.A.    41  Grafton-street,  Dublin. 
•Faraday,  Michael,  D.C.L.,  LL.D.,  F.R.S.,  M.R.LA.,  Fullerian  Pro- 
fessor of  Chemistry  in  the  Royal  Institution  of  Great  Britain. 
21  Albemarle-street,  London,  W. 
1869.  tFarquharson,  Robert  O.    Houghton,  Aberdeen. 

1861.  §Farr,  William,  M.D.,  D.C.L.,  F.R.S.,  Superintendent  of  the  Statis- 

tical Department  General  Registry  Office,  London.    Southlands, 
Bickley,  Kent 

1866.  •Farrar,  Rev.  Frederick  William,  M.A.,  F.R.S.    Harrow. 

1867.  IFarrelly,  Rev.  Thomas.    Royal  College,  Maynooth. 

1869.  #Faulkner,  Charles,  F.S.A.,  RG.S.,  F.R.G.S.  Museum,  Deddington, 
Oxon. 

1859.  *Fawcett,  Henry,  M.P.,  Professor  of  Political  Economy  in  the  Univer- 
sity of  Cambridge.    Trinity  Hall,  Cambridge. 

1864.  %Fawcett,  John. 

1863.  jFawcus,  George.    Alma-place,  North  Shields. 
1833.    Fearon,  John  Peter.    Cuckfield,  Sussex. 

1846.  jFelkin,  WiUiam,  F.L.S.    The  Park,  Nottingham. 
Fell,  John  B.     Ul  vers  ton,  Lancashire. 

1864.  SFellowes,  Frank  P.    8  The  Green,  Hampstead,  London,  N.W. 

1862.  (Fenton,  Samuel  Greame.    9  College-square,  Belfast ;  and  Keswick, 

near  Belfast. 
1856.  JFerguson,  James.    Gas  Coal-works,  Lesmahago,  Glasgow, 
1859.  {Ferguson,  John.    Cove,  Nigg,  Inverness. 

1856.  tFer?H$oH,  Peter. 

1857.  {Ferguson,  Samuel.    20  North  Great  Georpe-street,  Dublin. 
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1854.  {Ferguson.  William,  F.L.S.,  F.G.S.     2  St.  AidenVtewace,  Birken- 
head. 
1803.  •Femie,  John.    Clarence  Iron  Works,  Leeds. 

Ferrall,  J.  M.,  M.D.,  M.R.I.A.    35  Rutland-square,  Dublin. 

1862.  (Ferrers,  Rev.  N.  M.,  M.A.    Caius  College,  Cambridge. 

Ferrier,  Alexander  James.    69  Leeson-street  Dublin. 
Field,  Edwin  W.    36  Lincoln's  Inn  Fields,  London,  W.C. 
Fielding,  G.  H.,  M.D.    Tunbridce,  Kent 
1854.  {Fielding,  James.    Mearclough  Mill,  Sowerby  Bridge,  near  Halifax. 

1864.  {Finch,  Frederick,  George,  B.A.,  F.G.S.    Blackheath  Park,  London. 

Finch,  John.    Bridge  Work,  Chepstow. 
Finch,  John,  jun.    Bridge  Work,  Chepstow. 

1850.  {Fmdlay,  Alexander  George,  F.R.G.S.     53  Fleet-street,  London, 

E.C. ;  and  Haves,  Kent 

1863.  {Finney,  Samuel.    Sheriff-hill  Hall,  Newcastle-upon-Tyne. 

Firth,  Thomas.    Northwick. 

1854.  \Fischel,  Rev,  Arnold,  DD. 

1851.  #Fischer,  William  L.  F.,  M.A.,  Professor  of  Natural  Philosophy  in 

the  Universitv  of  St  Andrews,  Scotland. 
1858.  {Fishbourne,  Captain  E.  G.,  R.N.,  F.R.G.S.      6  Welamere-tenaw, 
Paddington,  London,  W. 
Usher,  Rev.  John  Hutton,  M.A.,  F.G.S.,  F.C.P.8.    Kirkby  Urn- 
dale,  Westmoreland. 
1858.  tFishwick,  Captain  Henry.    Caxr-hill,  Rochdale. 
1857.  {Fitzgerald,  The  Right  Hon.  Lord  Otho.    13  Dominick-street,  Dublin. 
1857.  {Fitzpatrick,  Thomas,  M.D.    81  Lower  Bagot-strtset,  Dublin. 

Fitzwilliam,  Hon.  George  Wentworth,  M.P.,  F.R.G.S.    19  Grosre- 
nor-square,  London,  S.  W. ;  and  Wentworth  House,  Botherham. 

1865.  {Fleetwood,  D.  J.    45  George  Street,  St  Paul's,  Birmingham. 

Fleetwood,   Sir  Peter  Hesketh,  Bart    Roesall  Hall,  Fleetwood, 
Lancashire. 
1850.  {Fleming,  Professor  Alexander,  M.D.    20  Temple  Row,  BirmingliaBL 

Fleming,  Christopher,  M.D.    Merrion-square  North,  Dublin. 
1842.    Flemitvg,  John,  M.A. 

1855.  \Fleming,  John. 

Fleming,  John  G.,  M.D.     155  Bath-street,  Glasgow. 
•Fleming,  William,  M.D.     Rowton  Grange,  near  Chester. 
Fletcher,  Edward.    4  India-buildings,  Liverpool. 

1853.  {Fletcher,  Isaac,  F.R.S.,  F.R.A.S.    Tarn  Bank,  Workington. 

Fletcher,  T.  B.  E.,  M.D.    7  Waterloo-street,  Birmingham. 
Flood,  Rev,  James  Charles,  . 

1862.  {Flower,  William  Henry,  F.R.S.,  F.L.S.,  F.G.S.,  F.R.C.S.    Boral 
College  of  Surgeons,  Lincoln's  Inn-fields,  London,  W.C. 

1866.  §Flowers,  J.  W.    Park  Hill,  Croydon,  Surrey. 

1854.  'Forbes,  David,  F.R.S.,  F.G.S.     12  York-place,  Portman-aquare, 

London,  W. 
Forbes,  George,  F,R,S.E.  ,    t   e 

•Forbes,  James  David,  LL.D.,  F.R.S.  L.  &  E.,  F.G.S.,  Principal  of 
the  United  Colleges  of  St  Salvator  and  St  Leonards,  St  An- 
drews.   Pitlochrie. 

1855.  {Forbes,  Rev.  John.    Svmington  Manse,  Biggar,  Scotland. 

1855.  {Forbes,  Rev.  John,  D.l).     150  West  Regent-street,  Glasgow. 

Forbes,  Sir  John  Stuart,  Bart.,  F.R.S.E.    Fettercairne  House,  Kin- 
cardineshire. 

1856.  {Forbes,  Colonel  Jonathan.     12  Lansdowne-terrace,  Cheltenham. 
Ford,  II.  R.    Morecombe  Lodge,  Yealand  Congers,  Lancashire. 

1866.  §Ford,  William.    Hartedown  Villa,  Kensington  Park  Gardens  E**» 
London,  W. 
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•Forrest,  William  Ilutton.    Stirling. 

1849.  #Forster,  Thomas  Emerson.    7  Ellison-place,  Newc 
•Forster,  William.    Ballynure,  Clones,  Ireland. 

1868.  {Forster,  William  Edward.    Burley,  Otlev,  near  Leeds. 
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London.    26  Abbey  Place,  St.  John's  Wood,  London. 
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1859.  §  Jack;  John.    Belhelvie  by  Whitecairns,  Aberdeenshire. 
1863.  •  Jackson,  Mrs.  H.    24  Hereford-square;  Gloucester-road;  Old  Bramp- 
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1865.  %Jaek*on9  Edwin. 

1858.  \  Jackson,  Edwin  W. 
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nance  Survey  Office,  Southampton. 
James,  Sir  John  lL,  Bart.,  M.R.I.A.    9  Cavendish-row,  Dublin. 
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Jebb,  Rev.  John.    Peterstow  Rectory,  Ross,  Herefordshire. 
1842.  *Jee,  Alfred  S.    2  Oxford-square,  Hyde  Park,  London,  W. 
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sophy in  Trinity  College,  Dublin. 
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•Jerrard,  George  Birch,  B.A.    Long  Stratton,  Norfolk. 
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1865.  *  Johnson,  G.  J.    34  Waterloo-street,  Birmingham. 
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1866.  §  Johnson!  John  G.    Basinghall-street,  London,  E.C. 
1861.  {Johnson,  Richard.    27  Dale-street,  Manchester. 

1863.  {Johnson,  R.  S.    Hanwell,  Fence  Houses,  Durham. 

•  Johnson,  Thomas.    The  Hermitage,  Frodsham,  Cheshire. 

1864.  {  Johnson,  Thomas.    30  Bel  ^rave-street,  Commercial-road,  London,  E. 

Johnson,  William.    The  W  ynds  Point,  Colwall,  Malvern,  Worcester- 
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1861.  {Johnson,  William  Beckett.    Woodlands  Bank,  near  Altrincham. 
1849.  {Johnston,  Alexander  Keith,  LL.D.,F.R.S.E.,F.G.S.,F.R.G.S.  4  St 
Andrew-square,  Edinburgh. 
Johnston,  Alexander  Robert,  F.R.S.     19  Great  Cumberland-place, 
London ;  and  The  Grove,  Yoxford,  Suffolk. 
1859.  %  Johnston,  David,  M.D,    Montrose, 
1864.  {Johnston,  David.    13  Marlborough-buildings,  Bath. 

Johnston,  Edward.    Field  House,  Chester. 
1845.  t Johnston,  O.,  M.D. 

1859.  {Johnston,  James.    Newmill,  Elgin,  N.  B. 

1864.  {Johnston,  James.    Manor  House,  Northend,  Hampstead,  London,  N. 
Johnston,  Percival  Norton,  F.R.S.,  F.G.S.     Stoke  House,  Stoke 
Fleming,  Dartmouth. 

*  Johnstone,  James.    Alva,  near  Alloa,  Stirlingshire. 
•Johnstone,  Sir  John  Vanden  Bempde,  Bart.,  M.P.,  M.A.,  F.G.S 

27  Grosvenor-square,  London ;  and  Harkness. 
1864.  {Johnstone,  John.     1  Barnard-villas,  Bath. 

Jollie,  Walter.    Edinburgh. 
1864.  {Jolly,  Thomas.    Park  View-villas,  Bath. 
1849.  {Jones,  Baynham.    Selkirk  Villa,  Cheltenham. 

•Jones,  Christopher  Hird.    2  Castle-street,  Liverpool. 
1866.  {Jones,  C.  W.    7  Grosvenor-place,  Cheltenham. 

Jones,  Rev.  Harry  Lonqueviue,  Inspector  of  Schools. 
1858.  {Jones,  Henry  Bence,  M.A.,  M.D.,  F.R.S.,  Hon.  Sec.  to  the  Royal  In- 

stitution.    31  Brook-street,  Grosvenor-sqitare,  London,  S.W. 
1854.  t  Jones,  Rev.  Henry  H.    Cemeterv,  Manchester. 
1854.  {Jones,  John.    28  Chapel-street,  Liverpool. 

1864.  {Jones,  John,  F.G.S. 

1865.  $  Jones,  John.    49  Union-passage,  Birmingham. 
•Jones,  Josiah.    2  Castle-street,  Liverpool. 
•Jones,  Robert.    2  Castle-street,  Liverpool. 

1854.  •  Jones,  R.  L.    Princes  Park,  Liverpool. 

1847.  {Jones,  Thomas  Rymer,  Professor  of  Comparative  Anatomy  in  Kind's 

College.     18  St.'  Leonard's- terrace,  ulifton-gardens,  Maida-hill, 
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1864.  §Jones,  Sir  Willoiighby.    Cranmer  Hall,  Fakenham,  Norfolk. 
1853.  \JopL\ng,  R.  Thompson, 
1851.  {Josselyn,  G.    Tower-street,  Ipswich. 

•Joule,  Benjamin  St.  John  B.    Thorncliffe,  Old  Trafibrd,  Manchester, 
1842.  #Joule,  James  Prescott,  LL.D.,  F.R.S.,  F.C.S.     Thorncliffe,  Old 

Trafford,  Manchester. 

1848.  *  Joy,  Rev.  Charles  Ashfield.    Grove  Parsonage,  near  Wantage,  Berk- 
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Joy,  Henry  Holmes,  M.A.,  M.R.I.A.     17  Mountjoy-square  East, 

Dublin. 
Joy,  William  B.,  M.D.    48  Leeson-street,  Dublin. 
1847.  {Jowett,  Rev.  B.,  M.A.    Balliol  College,  Oxford. 
1858.  {Jowett,  John,  jun.    Leeds. 
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•  Jubb,  Abraham.    Halifax. 

1863.  J  Jokes,  Rev.  Andrew.    Spring  Bank,  Hull. 

Jukes,  Joseph  Beete,  M.A.,  F.R.S.,  F.G.S.,  M.R.LA.,  Local  Director 
of  the  Government  Geological  Surrey  of  Ireland.  51  Stephen's 
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1856.  tKay-Shuttleworth,  Sir  James,  Bart    Gawthorpe,  Burnley. 
1855.  }Kaye,  Robert    Mill  Brae,  Moodjes  Burn,  by  Glasgow. 
1855.  {Keddie,  William-     15  North-street,  Mungo-street,  Glasgow. 
JL866.  §Keene,  Alfred.    Eastmoor  House,  Leamington. 

1850.  jKelland,  Rev.  Philip,  M.A.,F.R.S.L.  &  E.,  Professor  of  Mathematics 
in  the  University  of  Edinburgh.  20  Clarendon  Crescent,  Edin- 
burgh. 

1849.  {Kelly,  John,  C.E.    38  Mount  Pleasant-square,  Dublin. 

1857.  J  Kelly,  John  J.    38  Mount  Pleasant-square,  Dublin. 

1864.  *Kelly,  W.  M.,  M.D.     11  The  Crescent,  Taunton,  Somerset. 
1842.  •Kelsall,  Henrv.    Rochdale,  Lancashire. 

1842.    Kelsall,  J.    ftochdale,  Lancashire. 

1864.  #Kemble,  Rev.  Charles,  M.A.    Vellore,  Bath. 

1853.  {Kemp,  Rev.  Henry  William,  B.A.    Thanet  House,  Hull. 

1858.  IKemplay,  Christopher.    Leeds. 

1850.  XKempson,  Samuel. 

1854.  {Kennedy,  James.    33  Erskine-street,  Liverpool. 
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1858.  \Kennie,  C.  G.  Colleton. 
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Kenrtcky  Rev.  George. 
1865.  JKenrick,  William.    Norfolk-road,  Edgbaston,  Birmingham. 
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1857.  {Kent,  William  T.,  M.R.D.S.    51  Rutland-square,  Dublin. 
1857.  f  Ken  worth,  James  Ryley.     7  Pembroke-place,  Liverpool. 

1857.  *Ker,  Andre*  Allen  Murray.    Newbliss  House,  Newbuss,  Ireland. 
1855.  #Ker,  Robert.    Auchinraith,  Glasgow. 

1865.  •Kerr,  William  D.,  M.D.,  R.N.    Bc>nnyrigg,  Edinburgh. 
1861.  *KevmevJohn.    Parker-street,  Manchester. 
1854.  {Kilpin,  Thomas  Johnstone.     \  Arrad-street,  Liverpool. 
1865.  *Kinahan,  Edward  Hudson.     11  Merrion-equare  North,  Dublin. 
1860.  jKinahan,  G.  Henry.    Geological  Survey  of  Ireland,  51  Stephen's 
Green,  Dublin. 

1858.  jKincaid,  Henry  Ellis,  M.A.    8  Lyddon-terrace,  Leeds. 
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1868.  {Lawson,  Samuel.    Kirkstall,  near  Leeds. 
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1857.  {Leach,  Capt.  R.  E.    Mountjoy,  Phoenix  Park,  Dublin. 

Leadbetter,  John.    Glasgow. 

1847.  •Leatham,  Edward  Aldam.    Whitley  Hall,  Huddersfield. 
1868.  {Leather,  George.    Knostrop,  near  Leeds. 
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1842.  •Lingard,  John  R.,  F.G.S.    Maytield,  Shortlands,  by  Bromley,  Kent 
Lingwood,  Robert  M.,  M.A.,  F.L.8.,  F.G.S. 

Lister,  James.    Liverpool  Union  Bank,  Liverpool;  and  Greenbank, 
Everton. 
1868.  #Lister,  John,  F.G.S.    Shibden  Hall,  near  Halifax. 
•Lister,  Joseph  Jackson,  F.R.S.    Upton,  Essex. 
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Lloyd,  Rev.  A.  R.    Hengold,  near  Oswestry. 
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1855.  JM'Clelland,  James.     10  Claremont-terrace,  Glasgow. 
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1862.  JMacmillan,  Alexander.    1  Trinity-street,  Cambridge. 
1855.  \MNab,  John.    Edinburgh. 

MacNeill,  The  Right  Hon.  Sir  John,  G.C.B.,  F.RS.R,  F.RGJ3. 
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1856.  {Marsh,  M.  H.    Wilbury  Park,  Wilts. 

1864.  fMarsh,  Thomas  Edward  Miller.    37  Grosvenor-place,  Bath. 

Marshall,  James.    Headingly,  near  Leeds. 
1852.  {Marshall,  James  D.    Holy  wood.  Belfast. 

•Marshall,  James  Garth,  MA.,  F.G.S.    Pleadingly,  near  Leeds. 

1858.  {Marshall,  Reginald  Dykes.    Adel,  near  Leeds. 

1849.  *Marshall,  William  P.    6  Portland-road.  Edgbaston,  Birmingham. 

1865.  §Marten,  ft.  R    13  High-street,  Stourbridge. 

Martin,  Rev.  Francis,  MA.    Trinity  College,  Cambridge. 
*Martiny  Francis  P.  Brouncher. 
1848.  {Martin,  Henry  D.    4  Imperial  Circus,  Cheltenham. 

Martin,  Studley.    107  Bedford-street  South,  Liverpool. 
•Martindale,  Nicholas.    Peter-lane,  Hanover-street,  Liverpool. 
•Martineau,  Rev.  James.    10  Gordon-street,  Gordon-square,  London. 
1865.  {Martineau,  R.  F.    Highfield-road,  Edgbaston,  Birmingham. 
1865.  {Martineau,  Thomas.    7  Cannon-street,  Birmingham. 
1847.  {Maskelyne,Nevil  Story,  M. A.,  F.G.S.  British  Museum,  London,W.C. 
1861.  *  Mason,  Hugh.    Ashton-under-Lyne. 
•Mason,  Thomas.    York. 

Massey,  Hugh,  Lord.    Hermitage,  Castleconnel,  Co.  limerick. 
•Mather,  Daniel.    58  Mount  Pleasant,  Liverpool. 
•Mather,  John.    58  Mount  Pleasant,  Liverpool. 
1863.  *  Mather,  Joseph.    Beech  Grove,  Newcastle-on-Tvne. 
1865.  ^Mathews,  G.  S.    Edgbaston  House,  Hagley-road,  Birmingham. 
1861.  #Mathews,  William,  jun.,  M.A.,  F.G.S.    51  Carpenter-road,  Birming- 
ham. 

1859.  {Matthew,  Alexander  C.    3  Canal-terrace,  Aberdeen. 
1865.  {Matthews,  C.  E.    Waterloo-street,  Birmingham. 
1858.  {Matthews,  F.  C.    Mandie  Works,  Driffield,  Yorkshire. 

*Matthews,  Henry,  F.C.S.    60  Gower-street,  London,  W.C. 

1860.  {Matthews,  Rev.  Richard  Brown.     The  Vicarage,  Shalford,  near 

Guildford. 
1863.  #Matthiessen,  Augustus,  Ph.D.,  F.R.S.,  Lecturer  on  Chemistry,  St. 
Mary's  Hospital.    Paddington,  London,  W. 

1857.  XManghan,  Bet,  7.  D. 

1863.  {Maughan,  Rev.  W.    Benwell  Parsonage,  Newcastle-on-Tyne. 

1855.  {Maule,  Rev.  Thomas,  MA.    Partick,  near  Glasgow. 

1865.  #Maw,  George,  F.L.S.,  F.G.S.,  F.S.A.    Benthall  Hall,  Broseley,  Salop. 

1863.  #Mawson,  John.    3  Moseley-street,  Newcastle-on-Tyne. 

1864.  •Maxwell,  Francis.    Gribton,  near  Dumfries. 

•Maxwell,  James  Clerk,  MA.,  F.R.S.,  L.  &  E.,  Professor  of  Natural 
Philosophy  and  Astronomy  in  King's  College,  London.  8  Palace 
■  Garden-terrace,  Kensington,  London,  W. 
1855.  #Maxwell,  Sir  John,  Bart.,  FJl.S.    Pollok  House,  Renfrewshire. 
1852.  {Maxwell,  John  Waring.    Finnebrogue,  Downpatrick,  Ireland. 

•Maxwell,  Robert  Peraval.    Finnebrogue,  Downpatrick,  Ireland. 

1865.  *May,  Walter.    Berkeley-street,  Birmingham. 

•Mayne,  Rev.  Charles,  M.RJA.    22  Upper  Merrion-etreet,  Dublin. 


46  LIST  OF  MEMBERS. 

Yew  of 


1867.  XMayM,  WSkatn  Annesley.    Dublin. 

1863.  §Mease,  George  D.    Bylton  Villa,  South  Shields. 

1863.  §Mease,  Solomon.    North  Shields. 

{Meath,  Samuel  Butcher,  D.D.,  Lord  Bishop  ot    13  Fitxwilliam- 
sqoare  West,  Dublin ;  and  Ardbraccan,  Co.  Meath. 

1861.  §Medcafr,  William.    20  Bridgewater-place,  Manchester. 
1863.  $Meier,R.    Newcastle-upon-Tyne. 

1866.  §Mello,  Rev.  J.  M.    Brampton,  Chesterfield. 

1854.  %MeUy,  Charles  Pierre.    Liverpool. 

1847.  { Melville,  Professor  Alexander  Gordon,  M.D.  Queen's  College,  Gal  way. 
1863.  |  Mel  Yin,  Alexander.    42  Buccleuch-place,  Edinburgh. 

1862.  §Mennell,   Henry.      St.    Dunstan's-buildings,  Great   Tower-street, 

London,  ElC. 

1863.  §Messent,  P.  T.    4  Northumberland-terrace,  Tynemouth. 
1847.  \Meyer,  Charles,  D.C.L. 

1847.  *Michell,  Rev.  Richard,  BJ).    St.  GilesVstreet,  Oxford. 
1865.  {Michie,  Alexander.    26  Austin  Friars,  London. 

1865.  §Middlemore,  William.    Edgbaston,  Birmingham. 

1866.  §Midgley,  John.    Colne,  Lancashire. 

1855.  {Miles,  Rev.  Charles  P.,  M  J).,  Principal  of  the  Malta  Protestant  Col- 

lege, St.  Julian's,  Malta.    58  Brompton-crescent,  London,  S.W. 
1857.  tMiUar,  George  M. 

1850.  %MiUar,  James  S.    9  Roxburgh-street,  Edinburgh. 
1,859.  {Millar,  John.    Lisburn,  Ireland. 

1863.  §Millar,John,M.D.,F.L.S.,F.G.S.    Bethnal  House,  Cambridge-road, 
London,  N.E. 

Millar,  Thomas,  MA.  Perth. 
1859.  {Miller,  James,  jun.  Greenock. 
1865.  {Miller,  Rev.  J.  C,  D.D.    The  Vicarage,  Greenwich,  London,  8.E. 

♦Miller,  Patrick,  M.D.    Exeter. 

1861.  •Miller,  Robert.    30  King-street ;  and  Whalley  Range,  Manchester. 

1863.  {Miller,  Thomas.    Righill  HaU.  Durham. 

•Miller,  William  Allen,  M.D.,  Treas.  and  V.P.R.S.,  Prea.  Chem.  Soc., 

Professor  of  Chemistrv  in  King's  College,  London. 
Miller,  William  Hallows, 'MA.,  For.  Sec.  R.S.,  F.G.8.-,  Professor  of 
Mineralogy  in  the  University  of  Cambridge.    7  Scroope-terrace, 
Cambridge. 
1842.    Milligan,  Robert.    Acacia  in  Randon,  Leeds. 
#Mills,  John  Robert.    Bootham,  York. 

1851.  \MiUs,  Rev.  Thomas. 

1847.  {Milman,  The  Very  Rev.  H.  H.,  Dean  of  St.  Paul's,  London. 

Milne,  Rear-Admiral  Sir  Alexander,  K.C.B.,  F.R.S.E.      Mussel- 
borough,  Edinburgh.  -  .    . 
•Milne-Home,  David,  M.A.,  F.R.S.E.  Wedderburn,  Coldstream,  N.B. 
1854.  *Milner,  William.    Liverpool. 

1854.  *Milner,  William  Ralph.    Wakefield,  Yorkshire. 

1864.  {Milton,  The  Lord,  M.P.,  F.R.G.S.    Wentworth,  Yorkshire. 

1865.  §Minton,  Samuel,  F.G.S.    Oakham  House,  near  Dudley. 

1855.  {Mirrlees,  James  Buchanan.    128  West-street,  Tradeston,  Glasgow. 
1859.  {Mitchell,  Alexander,  M.D.    Old  Rain,  Aberdeen. 

1863.  {Mitchell,  C.    Walker,  Newcastle-on-Tvne. 
1855.  \MUcheU,  George.     Glasgow. 

1862.  •Mitchell,  William  Stephen,  LL.B.,  F.L.S.,  F.G.S.      Cains  College 

Cambridge. 
1856.'  *>foffat,  John,  C.E.    Ardrossan. 
1854,  {Moffat,  Thomas,  M.D.,  F.G.S.,  F.R.A.S.,  M.B.M.S.      Hawarden. 

Chester. 
1804.  {Mogg,  John  Rees.    High  Littleton  House,  near  Bristol. 


LIST  OF  MEMBERS.  47 

Year  of 
Election. 

1866.  iMoggridge,  Matthew,  F.G.S.    Richmond,  Surrey. 

1855.  §Moir,  James.    174  Gallogate,  Glasgow. 
1850.  %Moir,  John,  M.D.    Edinburgh. 

1861.  JMolesworth,  Rev.  W.  N.,  M.A.    Spotland,  Rochdale. 

Mollan,  John^M.D.    8  Fitzwilliam-square  North,  Dublin. 

1852.  JMolony,  William,  LL.D.    Carrickfergus. 

1865.  §Molyneux,  William,  F.G.S.    Branston  Cottage,  Burton-upon-Trent. 

1853.  JMonday,  William,  Hon.  Sec.  Hull  Lit.  and  Phil.  Soc.    6  Jarratt- 

street,  Hull. 

1860.  §Monk,  Rev.  William,  M.A.,  F.R.A.S.   Wymington  Rectory,  Hyham, 

Ferrers,  Northamptonshire. 

1853.  {Monroe,  Henry,  M.D.    10  North-street,  Sculcoates,  Hull. 
1850.  \MonUith,  Alexander  E.     Inverleith  House. 

Montgomery,  Matthew    Glasgow. 

1846.  \Moody,  T.  H.  C. 

1857.  §Moore,  Arthur.    Cradley  House,  Clifton,  Bristol. 
1869.  §Moore,  Charles,  F.G.S.    6  Cambridge-terrace,  Bath. 
1857.  JMoore,  Rev.  Dr.    Clontarf,  Dublin. 

Moore,  John.    2  Mendiam-place,  Clifton,  Bristol. 
•Moore,  John  Carrick,  M.A.,  F.R.S.,  F.G.S.    Corswall,  Wiirtonshire. 

1866.  *  Moore,  Thomas.    Botanic  Gardens,  Chelsea,  London,  S.W. 

1854.  JMoore,  Thomas  John.    Derby  Museum,  Liverpool. 

Moore,  William  D.    7  South  Anne-street,  Dunlin. 
1857.  *Moore,  Rev.  William  Prior.    The  College,  Cavan,  Ireland. 

1861.  JMorewood,  Edmund.    Cheam,  Surrey. 

Morgan,  Captain  Evan,  R.A, 
1849.  JMorgan,  William.    37  Waterloo-street,  Birmingham. 

Money,  George.    Park-place,  Leeds. 
1863.  §Morley,  Samuel.    Lenton-grove,  Nottingham. 
1865.  #Morrieson,  Captain  Robert.    Oriental  Club,  Hanover-square,  London, 

1861.  •Morris,  David.    1  Market-place,  Manchester. 
1845.  ]  Morris,  Edward,  M.D.     Hereford. 

•Morris,  Rev.  Francis  Orpen,  B.A.    Nunburnholme  Rectory,  Hay  ton, 

York. 
Morris,  Samuel,  M.R.D.S.    Fortview,  Clontarf,  near  Dublin. 

1861.  JMorris,  William.    The  Grange,  Salford. 

1863.  {Morrow,  R.  J.    Bentick  Villas,  Newcastle. 
1865.  §Mortimer,  J.  R.    Fimber,  Malton. 

1857.  SMorton,  George  H.,  F.G.S.    9  London-road,  Liverpool. 

1858.  *Morton,  Henry  Joseph.    Garforth  House,  West  Garforth,  near  Leeds. 

1847.  JMosekry,  Rev.  Henry,  M.A.,  F.R.S.    13  Great  George-street,  West- 

minster. 
1857.  $Moses,  Marcus.    4  Westmoreland-street,  Dublin. 

1862.  XMosheimer,  Joseph. 

Mosley,  Sir  Oswald,  Bart.,  D.C.L.,  F.L.S,,  F.G.S.    Rolleston  Hall, 

Burton-upon-Trent,  Staffordshire. 
Moss,  John.    Otterspool,  near  Liverpool. 
1853.  #Moss,  W.  H.    Kingston-terrace,  Hull.  . 

1864.  §Mosse,  J.  R.    General  Manager's  Office,  Mauritius  Railway,  Port 

Louis,  Mauritius. 
18G5.  §Mott,  Charles  Grey.    The  Park,  Birkenhead. 
1806.  JjMott,  Frederick.    Loughborough. 

1862.  *Mouat,  Frederick  John,  M.D.,  Inspector-General  of  Prisons,  Bengal. 

45  Arundel-gardens,  Notting-hill,  London. 

1856.  JMould,  Rev.  J.  G.,  B.D.    21  Camden-crescent,  Bath. 

1863.  jMounsey,  Edward.    Sunderland. 

Mounsey,  John.    Sunderland. 


1861.  *Mountcastle,  William  Robert     22  Dorking-terrace,   Cecil-street, 
Greenheys,  Manchester. 

Mowbray,  James.    Conibus,  Clackmannan,  Scotland. 
I860.  {Mowbray.  J.  T.    27  Dundas-street,  Edinburgh. 
1855.  §Muir.  William.    10  St.  John-street,  Adelphi,  London,  W.C. 

Muirhead,  James.    90  Buchanan-street,  Glasgow. 
1852.  {Mullan,  William.    Belfast. 

1857.  {Mullins,  M.  Bernard,  M.A.,   C.E.     1  Fitzwilliam-square  South, 

Dublin. 
Munby,  Arthur  Joseph.    6  Fiff-tree-court,  Temple,  London,  E.C. 
1866.  §Mundella,  A.  J.    The  Park,  Nottingham. 
1864.  •Munro  Colonel  William.    United  Service  Club,  Pall  Mall.  London, 

S.W. 
1864.  §Murch?  Jerom.     Cranwells,  Bath. 

#Murchison,  John  Henry,  F.G.S.    Surbiton-hill,  Kingston. 

1864.  #Murchison,  K.  R.     Manor  House^Bathford,  Bath. 

•Murchison,  Sir  Roderick  Lnpey,Bart,  K.C.B.,  MA.,  D.C.L.  Oxen., 

LL.D.  Camb.;  F.R.S.,  F.G.S.,  F.R.G.S.,  Hon.  Mem.  RS.Ed.  & 

R.I.A.,  Director-General  of  the  Geological  Survey  of  the  United 

Kingdom.    16  Belgrave-square,  London. 

1864  J  Murchison.  Captain  R.  M.    Caerbaden  House,  Cleveland-walk,  Bath. 

1855.  {Murdoch,  James  B.    105  Bath-street,  Glasgow. 

1858.  { Murpatroyd,  William.    Bank  Field,  Bingley. 

Murley,  Rev.  C.  H.    South  Petherton,  Ihninster. 

1856.  %Murley,  Stephen. 

1852.  {Murney,  Henry,  M.D.    10  Chichester-street,  Belfast. 
1852.  {Murphy,  Joseph  John.    Old  Forge,  Dunmarry,  Co.  Antrim. 
1850.  IMurray,  Andrew, 

1857.  \Murray,  B.  A. 

Murray,  John,  F.G.S.,  F.R.G.S.    50  Albemarle-street,  London,  W. ; 
and  Newsted,  Wimbledon,  Surrey. 

1859.  {Murray,  John,  M.D.    Forres,  Scotland. , 

•Murray,  John,  C.E.    11  Great  Queen-street,  Westminster.  London, 

S.W. 
{Murray,  Rev.  John.    Morton,  near  Thornhill,  Dumfriesshire. 
1863.  IMurray,  William.    34  Clayton-street,  Newcastle-on-Tyne. 
•Murton,  James.    Silverdafe,  near  Lancaster. 
Musgrave,  The  Venerable  Charles,  D.D.,  Archdeacon  of  Craven. 
Halifax. 
1861.  {Musgrove,  John,  jun.  ,  Bolton. 

•Muspratt,  James  Sheridan,  Ph.D.,  F.C.S.     College  of  Chemistry, 
Liverpool. 

1865.  §Myers,  Rev.  E.    17  Summerhiil-terrace,  Birmingham. 
1845.  {Myers,  Rev.  Thomas.    York. 

1859.  §Mylne,  Robert  William,  F.R.S.,  F.G.S.,  F.S A.    21  Whitehall-place, 

London,  S.W. 
1850.  {Myrtle,  J.  Y.,  M.D.    113  Princes-street,  Edinburgh. 

1850.  {Nachot,  H.  W.,  Ph  J).    59  Georgo-street,  Edinburgh. 

1842.    Nadin,  Joseph.    Manchester. 

1865.  tNapier,  James  R.    22  Blythwood-square,  Glasgow. 

1839.  *Napier,  Right  Honourable  Joseph.    4  Merrien-square,  Dublin. 

• Napier,  Captain  Johnstone, 
1855.  {Napier,  Robert.    West  Chandon,  Gareloch,  Glasgow. 

Napper,  James  William  L.    Loughcrew,  Oldcastle.,  Co.  Meath. 
186U  SNash,  D.  Wr.    Cheltenham. 
1850.  *Nasmyth,  James.    Penge  Hurst,  Kent 

Nasmyth,  Robert,  F.R.S.E.    5  Charlotte-square,  Edinburgh. 


LIST  OF  MEMBERS.  49 

Year  of 
Election. 

1884.  {Natal,  William  Colenso,  Lord  Bishop  of. 

1860.  JNeatc,  Charles,  M.A.,  M.P.    Oriel  College,  Oxford. 
1850.  %Necker,  Theodore,     Geneva. 

1845.  JNeild,  Arthur.    Ollernshaw,  Whaleybridge,  by  Stockport. 

1853.  JNeill,  William,  Governor  of  Huff  Jail.    Hull. 

Neilson,  James  B. 

Neilson,  Robert.    Woolton-hill,  Liverpool. 

1855.  JNeilson,  Walter.    172  West  George-street. 

1865.  iNeilson,  W.  Montgomerie.    Glasgow. 

1846.  \Neison,  F.  O.  P. 

1861.  #Nelson,  William.    Scotland  Bridge,  Manchester. 

1849.  JNesbit,  C.  J.    Lower  Kennington-lane,  London,  S. 

Ness,  John.    Helmsley,  near  York. 

1866.  *Nevill,  Rev.  Samuel  Tarratt,  B.A.,  F.L.S.   Shelton  Rectory,  Man- 

chester. 
1861.  JNevill,  Thomas  Henry.     17  George-street,  Manchester. 

1857.  {Neville,  John,  C.E.,  M.R.I.A.    Dundalk,  Ireland. 

1852.  JNeville,  Parke,  C.E.    Town  Hall,  Dublin. 
1842.    New,  Herbert.    Evesham,  Worcestershire. 

Newall,  Henry.    Hare-hill,  Littleborough,  Lancashire. 
•Newall,  Robert  Stirling.    Gateshead-upon-Tyne. 
Newberry,  Rev.  Thomas,  M.A.     The  Rectory,  Hinton,  llminster, 

Somerset. 
Newbigging,  P.  S.  K.,  M.D.    Edinburgh. 
1866.  *Newdegate,  Albert  L.     11  Stanhope-place,  Hyde  Park,  London. 

1854.  *Newlands,  James.    2  Clare-terrace,  Liverpool. 

1842.  *Newman,  Francis  William.    1  Dover-place,  Clifton,  Bristol. 
•Newman,  William.    Darley  Hall,  near  Barnalev,  Yorkshire. 

1863.  *Newmarch,  William,  F.R.S.     Heath  View,  West  Side,  Claphara 

Common,  London,  S. 

1853.  JNewmarch,  William,  Secretary  to  Globe  Insurance,  Cornhill,  London. 
1866.  •Newmarch,  William  Thomas.    Heath  View,  West  Side,  Clapham- 

common,  London,  S. 

1858.  jNewsome,  Thomas.    Park-road,  Leeds. 

1860.  *Newton,  Alfred,  M.A.,  F.L.S.,  Professor  of  Zoology  in  the  Univer- 

sity of  Cambridge.     Magdalen  College,  Cambridge. 

1865.  {Newton,  Thomas  Henry  Goodwin.     Clopton  House,  near  Stratford- 

on-Avon. 
Nicholl,  Iltyd,  F.L.S.    Uske,  Monmouthshire. 
1848.  {Nicholl,  W.  H.    Uske,  Monmouthshire. 

1866.  §Nicholson,  Sir  Charles,  Bart,  D.C.L.,  LL.D.,  M.D.,  F.G.S.     26 

Devonshire  Place,  Portland-place,  London,  W. 
•Nicholson,  Cornelius,  F.G.S.    Wolfield,  Muswell-hill,  London,  N. 

1861.  ^Nicholson,  Edward.  28  Princess-street,  Manchester. 
•Nicholson,  John  A.,  A.M.,  M.B.,  Lie.  Med.,  M.R.I.A.  Balrath,  Kells, 

Co.  Meath. 
1858.  •Nicholson,  William  Nicholson.    Roundhay  Park,  Leeds. 

1850.  {Nicol.  J.,  Professor  of  Natural  History  in  Marischal  College,  Aber- 

deen. 

1851.  XNholay,  Bev.  C.  O, 

1856.  \N\vxn,  Bev.  James. 

Niven,  Ninian.    Clonturk  Lodge,  Drtimcondra,  Dublin. 

1864.  {Noad,  Henry  M.,  Ph.D.,  F.R.S.,  F.C.S.    72  Hereford-road,  Bays- 

water,  London,  W. 

1854.  {Noble,  Matthew.    13  Bruton-street,  Bond-street,  London W. 
1863.  *Noble,  Captain  William  R.    Elswick  Works,  Newcastle-on-Tyne. 
1860.  *Nolloth,  M.  S.,  Captain  R.N.,  F.R.G.S.     St.  Mary's  Cottage,  Peck- 
ham,  London  j  and  United  Service  Club,  London. 


LiliP:^. 


<^    -  \  -  >.  1. j-l-    H^ss*.  TT  litoiinriarri  and  Co-,  14  Canada  Dock, 

"»  jtt^-^  ^r  I»n;T,gfi  ^m-.TL-  in.  &wuow  Castle,  Co.  Coxa*. 

-~     "  — _-*  Z"i  2^-r.grt,     1  Ifc?r?ri>v.iu- road.  Aston,  Binmnghin 
^.•,      .  »  ~:—  -i^nsso      .3itf  -v.T.  .N  .t^mchanv. 

_%  r^ur:—  tl>    .Lai*  ;#  uuan*.  Tut  IScbt  Hob.  Manpot  o£     145 
-\.  .^^11-   1  ^:.l  tl.  T;      sxii  -  ms&t  Aabby.  Xorthauptanffhire. 
_"**f     t^~  ~~  *~-    _=.    •»-_ .ui^usnii.  J  .  .r.      ^-sitjr"*  CaiDfipe,  Oxford. 

_  rjr.-j.  T\~   i^ir  _.=.  n.   L.nru.  ¥.%..  F.G.S.    22  Pufc-rfxeet, 

-<_    ;"vnc*   ~~-T'.uii  £.  ..  J-L.^.>     "W«c  CaWtt,  bde  of  Wight. 


.  jTirau-y  cm- ^  X.I*     II  l^mrs  '  T^iiim  -rtwt  Dublin. 

. '  -  r-a.  ^uj-  .i  1  t:  rr>     I*-:an  »;KnL  N^^rniaTifit-on-Fergus,  Ireland. 

1S>.  V*  .  ;.L^isi_  I'kz5:«-  j  ^  ■  >-,  i».Ci-      16  Cnwendon-aqnare,  Len- 

•»ir:-^^  2.    ~     Tt       '.KTT.  Jfc=*»r*.       S5  Q-1ZL  Bath. 

K^  •  »-    -.  V  il.i^t..  Al-K,  TJ.^-.  S*.  0>:2.  Soe_  ProJeator  of  Che- 
n-CT  :x  ii-  X --.■*:  < .-i ...-.  rf  :?*.  Bartholomews  Hospital. 

K7.  :  .'T*xrz*-izL .  T\.   atk  J  .iljl.    2  ^  Iv-Meis,  T«Hpfe,  Dabfin. 

I>:^.  rl'ir-Tif-  C.  W.  Nc=j^    BaII  vas  U >j^,  Dandee. 

•  l*r-T*m  G-r-rr?.  >£.!•-.  LerravT  ««  ti»  Iwdtates  of  Medicine  in 

1^>1  :<>'  !.'£'-.  It' 

1  ylr.  W=:?i4=^  M.D..  MJL     Dertr. 

ISW.  :« >r<:^n.  Frrzxis  M.I>.     1<  Aieipiu-ouzt.  Aberdeen. 

1-S^T.  ru'IUiMa.  J-^x     ^»  Kilijj^-strtvl,  Dublin. 

1**J2.  :« >"Kt::r.  J  *-;h.  MA    51  Swpii^s  Groea,  Dublin. 

1*37.  i»/KrIij,  Mttihi**  J.     I^aJker,  LrvUad. 

InVI  ?« V-ihai.  Janv-s.  C.K    Austnan  Chamber?,  HolL 

1<>7.  •■Xiham.  Tli-nia*,  >L.\«,  LLD.  F.R-S-.  F.G.S.,  M.R.I.A.,  Director 
oi  the  4t^.I  ^a}  ^\ur*-x  of  India.     Calcutta. 

1^00.  jO'I^Eary.Pr.f-^rl*!!!^!:,^^    Sydney-place,  Corfu 

lo*>3.  iOlimer/D.    KicUuiond,  Surxej. 

'Ommannty,  £ra<miLS  Rear-Admiral,  CA,  F.ILA^.,  F.R.G.S.  6 
Talbot-squAn?.  Hvde-park,  Xondon,W. ;  and  United  Serrke 
Club,  P«ll  Mall,  Tendon,  S.W. 

1847.  *OrUborfA.  B.,  M.A. 

VU2.    Ormerod,  (ieorge  Warein^,  M.A-,  F.G.S.    Chagford,  Exeter. 

1801.  {Onuerod,  Henry  Mere.    Clarence-street,  Manchester;  and  11  Wood- 
land-terrace! Cheet  ham-hill,  Manchester. 

1858,  {Ormerod,  T.  T.     BrijErhouoe,  near  Hali&x. 

Orpen,  John  H.t  LL.D.f  M.RI.A.  (Local  TYetmirer.)     od  Stephen "d 
Green,  Dublin. 


LIST  OF  MEMBERS.  61 

Year  of 
Election. 

1864.  JOrr,  Sir  Andrew.    Blythwood-square,  Glasgow. 

1865.  lOsborne,  E.  C.    Carpenter-road,  Edgbaston,  Birmingham. 
*Osler,  A.  Follett,  F.R.S.    South  Bank,  Edgbaston,  Birmingham, 

1866.  #Osler,  Henry  F.    Portland-road,  Edgbaston,  Birmingham. 
*083aliruki,  Uotmt. 

1854.  §Outram,  Thomas.    Greetland^near  Halifax. 

Ovenend,  Wilson.    Sharrow  Head,  Sheffield. 
Overston,  Samuel  Jones  Lloyd,  Lord,  F.G.S.     22  Norfolk-street, 
Park-lane,  London;  and  Wickham  Park,  Bromley. 

1867.  {Owen,  James  H.    Park  House,  Sandymount,  Go.  Dublin. 

Owen,  Richard,  M.D.,  D.C.L.,  LL.D..  F.R.S.,  F.L.S.,  F.G.S.,  Hon. 

M.R.S.E.,  Director  of  the  Natural  History  Department,  British 

Museum.    Sheen  Lodge,  Mortlake,  Surrey,  S.W. 
1863.  #Ower,  Charles.    Dundee. 

Oxford,  Samuel  Wilberforce,  D.D.,  Lord  Bishop  of,  F.R.S.,  F.S.A., 

F.R.G.S.    26  Pall  Mall,  London,  S.W. ;  and  Cuddesdon  Palace, 

Wheatley,  Oxon. 

1855.  JPagan,  John  M.,  M.D.    West  Regent-street,  Glasgow. 
1850.  JPagan,  Samuel  Alexander,  M.D.,  F.R.S.E.     Edinburgh. 
1859.  JPage,  David,  F.R.S.E.,  F.G.S.    44  Gilmore-nlace,  Edinburgh. 
1803.  §  Paget,  Charles.    Ruddington  Grange,  near  Nottingham. 

1845.  {Paget,  George  E.,  M.D.    Cambrid#9. 
1847.  \Pakington,  J.  S.,  B.A. 

1863.  {Palmer,  C.  M.    Whitley  Park,  near  Newcastle-on-Tyne. 
1866.  §  Palmer,  II.    Goldsmith-street,  Nottingham. 

•Palmer,  Sir  William,  Bart.     Whitchurch-Canonicorum,  Dorset. 
1866.  §Palmer,  WOliam.    Canal-street,  Nottingham. 

Palmes,  Rev.  William  Lindsay,  M.A.    The  Vicarage,  Hornsea,  Hull. 
1854  {Pare,  William,  F.S.S.    Seville  Iron  Works,  Dublin. 
1857.  •Parker,  Alexander,  M.R.I.A..    William-street,  Dublin. 

•Parker,  Charles  Stewart.    Liverpool. 
1863.  {Parker,  Henry.    Low  Elswick,  Newcastle-on-Tyne. 
1863.  {Parker,  Rev.  Henry.  Idlerton  Rectory,  Low  Elswick,  Newcastle-on- 
Tyne. 
Parker,  Joseph,  F.G.S.    Upton  Chaney,  Bitton,  near  Bristol. 

1846.  JParker,  J.  W.,  iun.    Strand,  London,  W.C. 

Parker,  Richard.    Dunscombe,  Cork. 
Parker,  Rev.  William.    Saham,  Norfolk. 
1866.  •  Parker,  Walter  Mantel.  Warren-corner  House,  near  Farnham,  Surrey. 

1863.  JParker,  William.    Thornton-le-Moor,  Lincolnshire. 

1861.  \Parkea,  Alexander. 

1866.  #Parkes,  Samuel  Hickling.    5  St.  Mary's-row,  Birmingham. 

1864.  §Parkes,  William.     14  Park-street,  Westminster. 
1859.  {Parkinson,  Robert,  Ph.D.    Bradford,  Yorkshire. 

1863.  {Parland,  Captain.    Stokes  Hall,  Jesmond,  Newcastle-on-Tyne, 
Parnett,  E.  A. 

1862.  §Parnell,  John,  M.A.    Bodham  House,  Upper  Clapton,  London,  N.E. 

Parnell,  Richard,  M.D.,  F.R.S.E.     7  James's-place,  Leith. 

1854.  {Parr,  Alfred,  M.D.    New  Brighton,  Cheshire. 

Partington,  James  Edge. 

Partridge,  Richard,  F.R.S.,  Professor  of  Anatomy  to  the  Royal 
Academy  of  Arts,  and  to  King's  College,  London.  17  New- 
street,  Spring- jrardens,  London,  S.W. 

1865.  *Parsons,  Charles  Thomas.     Edgbaston,  Birmingham. 

1855.  {Paterson,  William.    100  Brunswick-street,  Glasgow. 

1861.  {Patterson,  Andrew.    Deaf  and  Dumb  School,  Old  Trafford,  Man- 
chester. 

b2 


52  LIST  OF  MEMBERS. 

Year  of 
Election. 

1863.  (Patterson,  II.  L.    Scott's  House,  near  Newcastle-on-Tyne. 
1863.  (Patterson,  John.     16  Bloomfield-terrace,  Gateshead-on-Tyne. 
1839.  •Patterson,  Robert,  F.R.S.  (Local  Treasurer.)  6  College-aquare  North, 
Belfast. 

1863.  (Pattinson,  William.    Felling,  near  Newcastle-on-Tyne. 

1864.  (Pattison,  Dr.  T.  H.     Edinburgh. 

1863.  §Paul,  Benjamin  II.,  Ph.D.    8  Gray's  Inn-square,  London,  W.C. 
Paul,  Henry.    Edinburgh. 

1863.  (Pavy,  Frederick  William,  M.D.,  F.RS.,  Lecturer  on  Physiology  and 

Comparative  Anatomy    and  Zoology  at  Guy's  ttospitaX    35 
Grosvenor-street,  London,  W. 

1864.  (Payne,  Edward  Turner.    3  Sydney-place,  Bath. 

1851.  (Payne,  Joseph.    4  Kildare  Gardens,  Bayswater,  London,  W. 
1866.  §Payne,  Joseph  Frank.     4  Kildare-gardens,  Bayswater,  London,  W. 
1847.  SPeach,  Charles  W.    30  Haddington-place,  Leith-walk,  Edinburgh. 
1863.  §Peacock,  Richard  Atkinson.    St.  Heliers,  Jersey. 

•Pearsall,  Thomas  John,  F.C.S.  Birkbeck  Literary  and  Scientific  Insti- 
tution, Southampton-buildings,  Chancery-lane,  London. 

1854.  (Pearson,  J.  A.    Woolton,  Liverpool. 

]853.  {Pearson,  Robert  H.    1  Prospect  House,  Hull. 

Pearson,  Rev,  Thomas,  M^A. 
1863.  SPease,  H.  F.    Brinkburn,  Darlington. 

1852.  {Pease,  Joseph  Robinson,  J.P.    Hesslewood. 
1863.  §Pease,  Joseph  W.    Woodlands,  Darlington. 

1863.  (Pease,  J.  W.    Newcastle-on-Tyne. 

1858.  *Pease,  Thomas,  F.G.S.    Henbury,  near  Bristol. 

PecMtt,  Henry.    Carlton  Husthwaite,  Thirsk,  Yorkshire. 

1855.  *Peckover,  Alexander,  F.R.G.S.    Wisbeach,  Cambridgeshire. 
•Peckover,  Algernon,  F.L.S.    Wisbeach,  Cambridgeshire. 
•Peckover,  DanieL    Woodhall,  Calverley,  Leeds. 

•    *Peckover,  William,  F.S.A.    Wisbeach,' Cambridgeshire. 

•Pedler,  Lieutenant-Colonel  Philip  Warren.     Mutley  House,  near 

Plvmouth. 
•Peel,  (George.    Soho  Iron  Works,  Manchester. 
1861.  *Peile,  George,  jun.    Shotley  Bridge,  near  Gateshead-on-Tyne. 
1861.  *Peiser,  John.    Barnfield  House,  Oxford-street,  Manchester. 

1865.  (Pemberton,  Oliver.    18  Temple-row,  Birmingham. 
1861.  •  Pender,  John.    Mount-street,  Manchester. 

1856.  SPengelly,  William,  F.R.S.,  F.G.S.    Lamorna,  Torquay. 

1855.  (Penny,  "Frederick,  Professor  of  Chemistry  in  the  Anaersonian  Uni- 

versity, Glasgow. 
1849.  (Pentland,  J.  B.    5  Ryder-street,  St.  James's,  London,  S.W. 
1845.  (Percy,  John,  M.D.,  F.R.S.,  F.G.S.,  Professor  of  Metallurgy  in  the 

Government  School  of  Mines.    Museum  of  Practical  fcteology, 

Jermyn-street,  London. 
•Perigal,  Frederick.    28  Hereford-square,  Brompton,  London,  S.W. 

1856.  t&rkins,  A.  M. 

1861.  (Perkins,  Rev.  George.   St.  James's  View,  Dickenson-road,  Rusholme, 
near  Manchester. 
Perkins,  Rev.  R.  B.,  D.C.L.    Wotton-under-Edge,  Gloucestershire. 

1864.  •Perkins,  V.  R.    Wotton-under-Edge. 

1861.  (Perring,  John  Shae.    104  King-street,  Manchester. 

1866.  §Perry,  Arthur  George.    The  Grove,  Stanton-by-Dale,  Nottingham. 

Perry,  The  Right  Rev.  Charles,  M.A.,  Bishop  of  Melbourne,  Aus- 
tralia. 
•Perry,  Rev.  S.  G.  F.,  M.A.    Tottington  Parsonage,  near  Bury. 
•Peters,  Edward.     Temple-row,  Birminghahi. 
1856.  #Petit,  Rev.  John  Louis.    9  New-square,  Lincoln's  Inn,  London,W.C. 


LIST  OF  MEMBERS.  53 

Year  of 
Election. 

1854.  JPetrie,  James,  M.D.    13  Upper  Parliament-street,  Liverpool. 

1861.  •Petrie,  John.    Rochdale. 

1846.  JPetrie,  William.    Ecclesboume  Cottage,  Woolwich. 

Pett,  Samuel,  F.G.S.    7  Albert-road,  Regent's  Park,  London,  N. W. 

Peyton,  Abel.    Birmingham.. 
1867.  %Phayre,  George. 

1846.  {Phelps,  Rev.  Robert,  D.D.    Cambridge. 

1863,  #Phene*,  John  Samuel,  F.R.G.S.    34  Oakley-street,  Chelsea,  London, 

S.W. 
1863.  •Philips,  Rev.  Edward.    The  Bank,  near  Chendle,  Staffordshire. 
1863.  *  Philips,  Herbert.    36  Church-street,  Manchester. 
•Philips,  Mark.    The  Park,  near  Manchester. 

1863.  JPhilipson,  Dr.    1  Saville  Row,  Newcastle-on-Tvne. 

1866.  *Phillipps,  Sir  Thomas,  Bart.,  M.A.,  F.R.S.  Middle-hill,  near  Broad- 
way, Worcestershire. 

1860.  #Phillips,  Major-General  Sir  Frowell.  United  Service  Club,  Pall  Mall, 
London. 

1860.  \PhiUipSy  George.     Liverpool. 

1862.  }  Phillips,  Rev.  George,  D.D.,  Queen's  College,  Cambridge. 
•Phillips,  John,  M.A.,  LL.D.,  D.C.L.,  F.R.S.,  F.G.Sy  Professor  of 

Geology  in  the  University  of  Oxlord.    Museum  House,  Oxford. 
1869.  J  J%i7Z«jw,  Major  J.  Scott. 

Philpott,  The  Right  Rev.  Henry,  D.D.,  Lord  Bishop  of  Worcester, 

1864.  §Pickering,  William.     3  Bridge-street,  Bath. 

1861.  fPickstone,  William.     Radcliff  Bridge,  near  Manchester. 
1866.  JPierson,  Charles.     3  Blenheim-parade,  Cheltenham. 

Pigott,  J.  H.  Smith.    Brocklev  Hall,  Bristol. 

1866.  {Pike,  L.  Owen.    26  Carlton-villas,  Maida  Vale,  London,  W. 
•Pike,  Ebenezer.    Besborough,  Cork. 

1864.  JPilditch,  Thomas.    Portway  House,  Frome. 

1867.  iPilkington,  Henrv  M.,  M.A.,  Q.C.    36  Gardner's-jplace,  Dublin. 

1863.  *Pim,  Commander  Bedford  C.  T.,  R.X.,  F.R.G.S.    Jimior  United 

Service  Club,  London,  S.W. 

Pirn,  George,  M.R.I.A.    Brennan's  Town,  Cabinteely,  Dublin. 

Pirn,  Jonathan.    Harold's  Cross,  Dublin. 

Pirn,  William  H.    Monkstown,  Dublin. 
1861.  JPincoffs,  Simon.     Crumpsall  Lodge,  Cheetham-hill,  Manchester. 

Pinney,  Charles.    Clifton,  Bristol. 
1869.  JPirrie,  William,  M.D.    238  Union-street  West,  Aberdeen. 
1866.  §Piteairn,  David.     Westbank,  Dundee. 

1864.  JPitt,  R.     5  Widcomb-terrace,  Bath. 

1866.  {Plant,  Thomas  L.    Camp-hill,  and  33  Union-street,  Birmingham. 
1863.  #Platt,  John.    Werneth  Park,  Oldham,  Lancashire. 

1842.    Playfair,  Lyon,  C.B.,  Ph.D.,  LL.D.,  F.R.S.  L.  &  E.,  V.P.C.S.,  Pro- 
"  feasor  of  Chemistry  in  the  University  of  Edinburgh.    14  Aber- 
cromby-place,  Edinburgh. 
Plumptre,  Charles  Frederick,  D.D.,  Master  of  University  College, 
Oxford.    University  College,  Oxford. 

1867.  {Plunkett,  Thomas.    Ballvbrophv  House,  Borris-in-Ossory,  Ireland. 

1861.  #Pochin,  Henry  Davis,  F.C.S.  Oakfield  House,  Salford. 

1847.  JPococke,  Rev.  N.,  MA.    Queen's  College,  Oxford. 

•Pollexfen,  Rev.  John  Hutton,  M.A.,  Rector  of  St.  Runwald's,  Col- 
chester. 
Pollock,  A.    62  Upper  Sackville-street,  Dublin. 

1862.  #Polwhele,  Thomas  Roxburgh,  M.A.    Polwhele,  Truro,  Cornwall. 
•Pontey,  Alexander.    Plymouth. 

1854.  \Pooley  Braithcaite. 

•Poppelwell,  Matthew.    Rosella-place,  Tvnemouth. 


LIST  OF  MEMBERS. 


TmtoT 
Election. 


Barter,  Mev.  Ckarie*,  DJ>. 

•Porter,  Henry  John  Ker.    Brampton,  Huntingdon. 
1&46.  t  Porter,  Jokm. 
1866.  $Poiter,R.     Beeston,  Nottingham 

Porter,  Rev.  T.  H..  D.D.     Desertcreat,  Col  Armngn. 
1863.  {Potter,  I*.  ^*     Cramlimrton,  near  Newcastle-en-Tvne. 
•Potter,  E.lmund.  FJLS/   10  Charlotte-street,  Maneheal 
Potter,  HennrOU«fefd,FX-S^F.GJS.    Reform  Club,  1 

Jesmonr{  High-terrace,  Newcastle-on-Tyne. 
Potter,  Richard,  aLA,F.CJP.S.    Amptkin-aqiimie,  Hampstend-md, 
I^ondoo,  N.W. 
1842.     Potter,  Thomas.    George-atreet,  Manchester. 

Potter,  William.    34  Falkner-street,  Liverpool. 

1863.  iPotte,  James.    52$  Quayside,  Newcastle-on-Trae. 

1857.  •pounden,  Captain  Landidale,  F.R.GJ5.    Jmro  United  Service  ChiK 
London,  S.W.;  and  Brownswood,  Co.  Wexford. 
JW*tf,  J£*r.  Dr.     Madra*. 
1851.  tiWw,Dflr^. 

1857.  {Power,  Sir  James,  Bait.    Edermine,  Emriaeorthr,  Ireland. 
1**50.  t  Poynter,  John.     Glasgow, 

1855.  •Poynter,  John  E.    Clyde  Neuck,  Uddizigatone,  Hamilton,  Scotland. 
1*46.  %Poyter,  Thoma*. 

Ie64.  SPrangieT,  Arthur.    2  Borlington-buildingB,  RedLmd,  Bristol. 

Pratt,  Archdeacon,  M.A.,  F.  C.PJGL     Calcutta. 
1*64.  #Prentice,  Manning.    Stowmarket,  Suffolk. 

Pre*t,  Edward,  Archdeacon.    The  College,  Durham. 
Preat,  John.    Blossom-street,  York. 

♦  Prestwich,  Joseph,  F.R.S.,  Treas.  G.S.    2  Suffolk-lane,  Citr,  London, 
E.C. ;  and  10  Kent-terrace,  Regent's  Park-road,  London,  N.W. 
•Pretious,  Thomas.    H.M.  Dockyard,  Devonport. 

1840.  {Priaolx,  Nicholas  M.    0  Branswick-place.  Southampton. 

1856.  *  Price,  Rer.  Bartholomew,  MA,  F.RjS..  F.RJLS-,  Sedleian  Professor 

of  Natural  Philosophy  in  the  University  of  Oxford.     11  St. 
Giles's-atrett,  Oxford. 
Price,  J.  T.     Neath  Abbey,  Glamorganshire. 
1865.  tPrideaux,  J.  S.    200  Piccadilly,  London,  W. 

1864.  #Prior,  R.  C.  A.,  M.D.    Halse  fionae,  Taunton. 

1865.  •Prichard,  Thomas,  M.D.     Avington  Abbev,  Northampton. 
1835.  •Pritchard,  Andrew.    87  St.  Paul  Vroad,  rJighburv,  London,  N. 
1846.  •Pritchard,  Rev.  Charles,  M.A.,  F.R.S.,  Pros.  RA&,  F.G.S.    Hunt- 
hill,  Freshwater,  Isle  of  Wight. 

1863.  JProcter,  R.  S.    Sammerhill-terrace,  Newcastte-on-Tyne. 
Proctor,  Thomas.    Clifton  Down,  Bristol 
Proctor,  William.    Cathav,  Bristol. 

1858.  JProctor,  William,  M J).,  f.C.S.    24  Petergaie,  York. 
1863.  *Prosser,  John.    38  Cumberland-road,  Newcastle-on-Tvne. 

1841.  JProsser,  Richard.    King's  Norton,  near  Birmingham.  * 

Protheroe,  Captain  W.  G.  B.      Dolewilim,  St.  Claims,  Carnarvon- 
shire. 

1863.  J  Proud,  Joseph.    Sooth  Hetton,  Xewcastle-on-Tyne. 
1849.  J  Proud,  Thomas  Aston.    Villa-road,  Handsworth. 

•Prower,  Rev.  J.  M.,  M.A.    Swindon,  Wiltshire. 
1*65.  §Prowse,  Albert  P.    Whitchurch  Villa,  Mannamead,  Plymouth. 
1854.  \PuckUy  Halt  G. 

1864.  )Pugh,  John.  Aberdovey,  Shrewsbury. 
1&>0.  tP«#h,  William.  Coalport,  Shropshire. 
1854.  \Pul*ford,  James. 

1*12.  •Pumphrey,  Charles.    34  Frederick-street,  Edgbaston,  Bbmingham. 


5*3  LIST  OF  MEMBERS. 

Yrarof 
Election. 

•Rawlins,  John.    Llewesog  Hall,  Denbigshirhe. 
1S0GL  'Rawlinson,  George,  Professor  of  History  in  the  University  of  Oxford. 

Oxford. 
1855.  •Rawlinson,  Major-General  Sir  Henry  C,  K.C.B..M.P.,  LLJ).,  F .R.S., 
F.R.G.S.     1  Hill-street,  Berkeley-square,  London,  W. 
Jfamtott,  Jfairem  William,  F.R.G.S. 
•Rawson,  Thomas  William.    Saville  Lodge,  Halifax. 
1865.  §Ravner,  Henry.    Lonsdale  Villa,  Smethwick,  Birmingham. 
1845.  \Read,  Joseph,  MB. 

1852.  jRead,  Thomas,  MJ).    Donegal-square  West,  Belfast. 
1865.  §Read,  William.     Albion  House,  Epworth,  Bawtry. 
1858.  {Read,  William  Henry.    Chapel  AHerton,  near  Leeds. 

•Read,  W.  H.  Rudstone,  Mi,  F.L.S.    Hayton,  near  Pocklington, 

Yorkshire. 
•Reade,  Rev.  Joseph  Bancroft,  MA.,  F.R.S.    Bishopboume  Rectory, 
Canterbury. 

1862.  •Readwin,  Thomas  Allison,  F.G.S.    Stretford,  near  Manchester. 
1864.  §Reddie,  James,  Hon.  Sec.  to  the  Victoria  Institute  or  Philosophical 

Society  of  Great  Britain.  Bridge  House,  Hammersmith,  London. 
1852.  *Redfern,  Professor  Peter,  M.D.    4  Lower-crescent,  Belfast. 

1863.  JRedmayne,  Giles.    20  New  Bond-street,  London,  W. 
1863.  JRedmayne,  R.  R.    12  Victoria-terrace,  Newcastle. 

Redwood,  Isaac.    Cae  Wern,  near  Neath,  South  Wales. 
1861.  #Re6,  H.  P.    27  Faulkner-street,  Manchester. 

1861.  JReed,  Edward  J.,  Chief  Constructor  of  the  Navy.   Admiralty,  White- 
hall, London,  S.W. 
1854.  \Reid,  David  BoswtU,  M.D. 
1850.  JReid,  William,  M.D.    Cuivie,  Cupar,  Fife. 
1849.  Xlteid,  Major- General  Sir  William. 
1863.  §Renals,  E.     '  Nottingham  Express '  Office,  Nottingham. 
1863.  JRendel,  G.    Benwefl,  Newcastle-on-Tyne. 

Rennie,  Sir  John,  Knt.,  F.R.S.,  F.G.S.,  F.S.A.,  F.R.GJS.   32  Charing 
Cross,  London,  W.C. 

1860.  JRennison,  Rev.  Thomas,  MA.    Queen's  College,  Oxford. 
*  Benny,  Lieutenant  IL  X.,  R.E.     Montreal. 

1868.  §Rcynolds,  Richard,  F.C.S.     13  Briggate,  Leeds. 

1849.  {Reynolds,  Thomas  F.,  M.D.    14  Lansdowne-terrace,  Cheltenham. 

Reynolds,  William,  M.D.    Coeddu,  near  Mold,  Flintshire. 

1850.  JRhind,  William.     121  Princes-street,  Edinburgh. 
1858.  *Rhodes,  John.    Leeds. 

1847.  JRicardo,  M.    Brighton. 

1863.  §Richardson,  Benjamin  W.,  M.A.,  M.D.,  F.R.S.     12  Hinde-street, 
Manchester-square,  London,  W. 

1861.  §  Richardson,  Charles.    Almondbury,  Bristol. 

1863.  *  Richardson,  Edward,  jun.    South  Ashfield,  Newcastle-on-Tyne. 

Richardson,  James*    Glasgow. 

1864.  {Richardson,  John.    Hull. 

1863.  J  Richardson,  John  W.    South  Ashfield,  Newcastle-on-Tyne. 
Richardson,  Thomas.    Glasgow. 
Richardson,  Thomas.    Montnelier-hill,  Dublin. 
Richardson,  William.    Micklegate,  York. 
1861.  §Richardson,  William.    4  Edward-strcct,  Werneth,  Oldham. 

Richardson,  Rev.  William. 
1861.  JRichson,  Rev.  Canon,  M.A.      Shakespeare-street,  Ardwick,  Man- 
chester. 
1863.  jRichter,  Otto,  Ph.D.     Bathgate,  Linlithgowshire. 

•Riddell,  Major-General    Charles   James   Buchanan,  C.B.,   F.RS. 
Athenroum  Club,  Pall  Moll,  London. 


LIST  OF  MEMBERS.  57 

Year  of 
Election. 

1861.  •Riddell,  II.  B.    The  Palace,  Maidstone. 
1869.  {Riddell,  Rev.  John.    Moffat  by  Beatlock,  N.  B. 

1861.  *Rideout,  William  J.    Farnworth,  near  Manchester. 

1862.  {Ridgway,  Henry  Akrovd,  B.A.    Bank  Field,  Halifax. 

Ridgway,  John.    Cauldon-place,  Potteries,  Staffordshire. 
1861.  §Ridley,  'John.    19  Belsize-park,  Hamnstead,  London. 

1863.  t Ridley,  Samuel.    7  Regent  s-terrace,  Newcastle-on-Tyne. 

1863.  *Rigby,  Samuel.    Bmch  Hall,  Warrington. 
•Rinder,  Miss.    Gledhow  Grove,  Leeds. 

1860.  SRitchie,  George    Robert.     4  Watkyn-Terrace,  Coldharboux-lane, 

Camberwell,  London. 
1866.  {Ritchie,  Robert,  C.E.    14  Hill-street,  Edinburgh. 

1853.  {Rivay,  John  V.  C.    19  Cowley-street,  Westminster,  London. 

1864.  {Robberds,  Rev.  John,  B.A.    Liverpool. 

1856.  {Roberton,  James.    Gorbals  Foundry,  Glasgow. 

Roberton,  John.    Oxford-road,  Manchester. 
1859.  {Roberts,  George  Christopher.    Hull. 
1859.  {Roberts,  Henry,  F.S.A.    Athenasum  Club,  London,  S.W. 

1854.  %Roberts,  John. 

1853.  {Roberts,  John  Francis.    10  Adam-street,  Adelphi,  London,  W.C. 

1857.  {Roberts,  Michael,  M.A.    Trinity  College,  Dublin. 
•Roberts,  William  P.    60  Ardwick  Green,  Manchester. 

1869.  {Robertson,  Dr.  Andrew.    Indego,  Aberdeen. 

1806.  SRobertson,  A.  S.,  M.D.,  F.R.G.S.    Horwick,  Lancashire. 

1866.  §Robertson,  William  Tindal,  M.D.    Nottingham. 

1863.  XRobinson,  Dr. 

1861.  {Robinson,  Enoch.    Dukinfield,  Cheshire. 

1852.  IRobinson,  Rev.  George.    Tartarapham  Glebe,  Loughgall,  Ireland. 

1864.  §  Robinson,  George  Augustus.     Widcomb-hill,  Bath. 

1859.  {Robinson,  Hardy,    loo  Union-street,  Aberdeen. 

1860.  XRMnwn,  l*rofessor  H.  D. 

•Robinson,  H.  Oliver.    16  Park-street,  Westminster,  London. 
1866.  §  Robinson,  John.     Museum,  Oxford. 

1861.  {Robinson,  John.    Atlas  Works,  Manchester. 

1863.  {Robinson,  J.  H.    Cumberland-row,  Newcastle-on-Tvne. 

1855.  {Robinson,  M.  E.    116  St.  Vincent-street,  Glasgow.  " 

1800.  {Robinson,  Admiral  Robert  Spencer.    61  Eaton-place,  London,  S.W. 
Robinson,  Rev.  Thomas  Romney,  D.D.,  F.R.S.,  F.R.A.S.,  M.R.I.A., 
Director  of  the  Armagh  Observatory.    Armagh. 
1863.  {Robinson,  T.  W.  U.    Houghton-le-Spring,  Durham. 
1863.  *Robson,  James. 

•Robson,  Rev.  John,  D.D.    Glasgow. 
1855.  {Robson,  Neil,  C.E.    127  St.  Vincent-street,  Glasgow. 

1845.  \Rocoxc,  TaUersaU  Thomas. 

1851.  {Rodwell,  William.    Woodlands,  Holbrook,  Ipswich. 

Roe,  Henry,  M.R.I.A.    2  Fitzwilliam-square  East,  Dublin. 
1866.  §Roe,  Thomas.    Grove  Villas,  Sitchurch. 

1846.  {Roe,  William  Henry.  Portland-terrace,  Southampton. 
1861.  §Rofe,  John,  F.G.S.    Queen-street,  Lancaster. 

1860.  {Rogers,  James  E.  T.,  Professor  of  Political  Economy  in  the  Univer- 
sity of  Oxford.    Beaumont-street,  Oxford. 
•Roget,  l>eter  Mark,  M.D.,  F.R.S.    18  Upper  Bedford-place,  Russell- 
square,  London,  W.C. 

1859.  t Rolleston,  Georee,  M.A.,  M.D.,  F.R.S.,  F.L.S.,  Professor  of  Anatomy 
and  Phvsioiogy  in  the  University  of  Oxford.  15  New  Inn  Hall- 
street,  Oxford. 

1800.  fllolph,  George  Frederick.    War  Office,  Horse  Guards,  London,  S.W. 

1803.  JRomilly,  Edward.    14  Hyde  Park-terrace,  London,  W. 


58  LIST  OF  MEMBERS, 

Year  of 

Election. 

1845.  %RomUy}  Rev.  Joseph. 

1846.  {Ronalds,  Francis,  F.R.S.    9  St  Mary's-villas,  Battle,  Essex. 
1846.  {Ronalds,  Edmund,  Ph.D.    Stewartfield,  Bonnington,  Edinburgh. 
1865.  {Roper,  R.  S.    Newport,  Monmouthshire. 

1861.  *Roscoe,  Henry  Enfield,  B.A.,  Ph.D.,  F.R.S.,  F.C.S.,  Professor  of 

Chemistry  in  Owens  College,  Manchester. 
1861.  §Rose,  C.  B.,  F.G.S.    25  King-street,  Great  Yarmouth,  Norfolk. 

Rosebery,  Archibald  John,  Earl  of,  K.T.,  M. A.f  D.C.L.,  F.R.S.     189 

Piccadilly,  London ;  and  Dalmeny  Park,  Linlithgow. 
1863.  {Roseby,  John.    Haverholme  House,  Brigg,  Lincolnshire. 

1851.  \Ro$Ung\  Alfred. 

1857.  {Ross,  David,  LL.D.    Drunibrain  Cottage,  Newbliss,  Ireland. 
1859.  'Ross,  James  Coalman.    Trinity  College,  Cambridge. 
1861.  #Ross,  Thomas.  Featherstone-buildings,  High  Holbom,  London,  W.C. 
1842.     Ross,  William.    Pendleton,  Manchester* 

Rosse,  William,  Earl  of,  M.A.,  KStP.,  LL.D.,  F.RS.,  F.RJLS., 
F.G.S.,  M.R.I.  A.,  F.R.G.S.,  FA.S.,  Chancellor  of  the  University 
of  Dublin.    Birr  Castle,  Parsonstown,  King's  County,  Ireland. " 

Rosson,  John.    Moore  Hall,  near  Ormskirk,  Lancashire. 
1855.  {Roth,  Dr.  Matthias.    16a  Old  Cavendish-street,  London,  W. 
1865.  *Rothera,  George  Bell.    39  Tipper  Talbot-street,  Nottingham. 

1846.  {Roundall,  William  B.    146  Ifigh-street,  Southampton. 
•Roundell,  Rev.  Danson  Richardson.    Gledstone,  Slripton. 

1849.  §Round,  Daniel  G.    Hange  Colliery,  near  Tipton,  Staffordshire. 

1847.  {Rouse,  William.    16  Canterbury  Villas,  Maida  Vale,  London,  W. 
1861.  {Routh,  Edward  J.,  M.A.     St.  Peter's  College,  Cambridge. 

1861.  {Rowan,  David.    St.  Vincent  Crescent,  Glasgow. 
1855.  {Rowand,  Alexander,    linthouse,  near  Glasgow. 

1865.  §Rowe,  Rev.  John.    Beaufort- villas,  Edgbaston,  Birmingham. 

1855.  *Rowney,   Thomas   H.,  Ph.D.,  F.C.S.,  Professor  of  Chemistry  in 

Queen's  College,  Gaiway. 
•Rowntree,  Joseph.     Leeds. 

1862.  {Rowsell,  Rev.  Evan  Edward,  M.A.  Hambledon  Rectory,  Godalming. 
1861.  #Rovle,  Peter,  M.D.,  L.R.O.P., M.R.C.S.  27  Lever-street,  Manchester. 
1859.  %R*dand,  C.  H. 

1861.  *Rumney,  Robert,  F.C.S.    Ardwick,  Manchester. 

1856.  {Rumsay,  Henry  Wildbore.     Gloucester  Lodge,  Cheltenham. 

1847.  {Ruskin,  John,  M.A.,  F.G.S.    Deiimark-hill,  Oamberwell,  London,  S. 

1857.  {Russell,  Rev.  C.  W.,  D.l).     Maynooth  College. 
1855.  {Russell,  James,  iun.    Falkirk. 

1805.  {Russell,  James,  M.D.    91  Newhall-street,  Bii-mingham. 
1859.  {Russell,  John,  the  Right  Hon.  Earl,  KG.,  F.RS.,  F.R.G.S.    37 
Chesham-place,  Belgrave-square,  London,  S.W. 
Russell,  John. 

Russell,  John.    15  Middle  Gardiner's-street,  Dublin. 
Russell,  John  Scott,  M.A.,  F.R.S.  L.  &  E.    Sydenham ;  and  5  West- 
minster Chambers,  Westminster,  London. 

1852.  *  Russell,  Norman  Scott.  37  Great  George-street, Westminster,  London. 

1853.  \Rwxell  Robert. 

1863.  {Russell,  Robert.    Gosforth  Colliery,  Newcaatle-on-Tyne. 

Russell,  Rev.  T. 
1852.  #Russell,  William  J.,  Ph.D.    34  Upper  Hamilton-terrace,  St.  John's 
Wood,  London. 

1862.  fRussell,  W.  H.  L.,  A.B.,  F.R.S.    Shepperton,  Middlesex. 

1866.  {Rust,  Rev.  James,  M.A.    Manse  of  Slams,  Ellon,  N.  B. 

Rutson,  William.    Newbv  Wiske,  Northallerton,  Yorkshire. 
1852.  \Rya*y  John,  M.D. 

•Ryland,  Arthur.    Birmingham. 


LIST  OF  MEMBERS.  60 

Year  of 
Election. 

1865.  $Ryland,  Thomas.    The  Redlands,  Erdington,  Birmingham. 

1853.  tRylanda,  Joseph.    0  Charlotte-street,  Hull. 

1861.  #Rylands,  Thomas  Glazebrook.    Heath  House,  Warrington. 

•Sabine,  Major-General  Edward,  R.A.,  LL.D.,  D.C.L.,  Presidont  of 
the  Royal  Society,  F.R.A.S.,  F.L.S.,  F.R.G.S.  13  Ashley-place, 
Westminster,  London. 

1865.  {Sabine,  Robert    (Care  of  C.  W.  Siemens,  Esq.),  3  George-street, 

Westminster. 

1866.  *St.  Albans,  His  Grace  the  Duke  of.    Brestwood  Hall,  near  Notting- 

ham. 
Salkeld,  Joseph.    Penrith,  Cumberland. 

1857.  JSalmon.  Rev.  George,  D.D.,  F.R.S.,  Professor  of  Divinity  in  Trinity 

College.    Trinity  College,  Dublin. 
1864.  XSalmon,  Henry  C.f  F.G.S..  F.C.& 

Salmon,  William  Wroughton.     9  Regent's  Park-square,  London, 
N.W.;  and  Devizes,  Wiltshire. 
1854  *Salt,  Charles  F.    24  Grove-street,  Liverpool. 

1858.  #8alt,  Titus.     Crow  Nest,  Lightclifte,  Halifax. 

1866.  JSalter,  John  William,  F.G.S.  Geological  Survey  of  Great  Britain, 
Museum  of  Practical  Geology,  Jermvn-street ;  and  8  Bolton- 
road,  Boundary-road,  St.  John's  Wooa,  London,  N.W. 

1842.    Sambrooke,  T.  G.    82  Eaton-place,  London,  S.W. 

1861.  *Samson,  Henry.  Messrs.  Samson  and  Leppoe,  St.  Peters-square, 
Manchester. 

1854.  tSandbach,  Henry  R.    Hafodunos,  Denbighshire. 
1861.  *Sandeman,  A.,  M.A.    Queen's  College,  Cambridge. 
1857.  {Sanders,  Gilbert,     The  Hill,  Monkstown,  Co.  Dublin. 

Sanders,  John  Naish,  F.G.S.    12  Vyvyan-terrace,  Clifton,  Bristol. 
•Sanders,  William,  F.R.S.,  F.G.S.  (Local  Treasurer.)    21  Richmond- 
terrace,  Clifton,  Bristol. 
Sandes,  Thomas,  A.B.    Sallow  GHn,  Tarbert,  Co.  Kerry. 
1864.  §Sandford.  William.    9  Springfield-place,  Bath. 
1854.  JSandon,  Lord.    39  Gloucester-square,  London,  W. 

1864.  §Sanford,  William  A.    Nynehead  Court,  Wellington,  Somersetshire. 

1865.  JSargant,  W.  L.    Edmund-street,  Birmingham. 

Satterfield,  Joshua.    Alderley  Edge. 
1861.  jSanl,  Charles  J.    Smedley-lane,  Cheetham-hill,  Manchester. 

1846.  %8trnndera,  Trelatctiry  Wilham. 

1864.  {Saunders,  T.  W.,  Recorder  of  Bath.     1  Priory-placer  Bath. 

1860.  *Saunders,  William.    Manor  House,  lffley,  near  Oxford. 
1863.  J  Savory,  Valentine.    Cleckheaton,  near  Leeds. 

1857.  {Scalian,  James  Joseph.    77  Harcourt-street,  Dublin. 
1850.  {Scarth,  Pillans.    28  Barnard-street,  Leith. 

*Schemman>  J.  C.    Hamburg. 

*Schlicky  Cammandeftr  de. 
1842.     Schqfield,  Benjamin. 

1842.    Schofield,  Joseph.    Stubley  Hall,  Little  borough,  Lancashire. 
1842.    Schofield,  W.  F.    Fairlawn,  Ripon, 

•Scholes,  T.  Seddon.    16  Dale-street,  Leamington. 

1847.  •Scholey,  William  Stephenson,  M.A.   Freemantle  Lodge,  Castle-hill, 

leading. 
•Scholfield,  Eaward,  M.D.    Doncaster. 
1854.  \SchrtfiM,  Henry  D„M.D. 

Schunck,  Edward,  F.R.S.    Oaklands,  Kersall  Moor,  Manchester. 

1861.  •Schwabe,  Edmund  Sails.    Rhodes  House,  near  Manchester. 

1847.  {Sclater,  Philip  Lutley,  M.A,  Ph.D.,  F.R.S.,  F.L.S.,  Sec.  ZooL  Soc. 
11  Hanover-square,  London,  W, 


00  LIST  OF  MEMBERS. 

Tew  of 
Election. 

1849.  iScoffern,  John,  M.B.    Barnard's  Inn,  London ;  and  Ilford,  Essex. 

1865.  JScott,  Major-General,  Royal  Bengal  Artillery.    Treledan  Hall,  Mont- 

gomery shire. 
1869.  {Scott,  Captain  Fitzmaurice.    Forfar  Artillery. 

1856.  {Scott,  Montague  D.,  B.A.    Hove,  Sussex. 

1857.  fScott,  Robert  H.,  F.G.S.,  Director  of  the  Meteorological  Office,  2 

Parliament-street,  London,  S.W. 

1861.  f Scott.  Rev.  Robert  Selkirk,  M.A.  7  Beaufort-terrace,  Cecil-street, 
Manchester. 

1864.  {Scott,  Wentworth  Lascelles,  F.C.S.  Cornwall-villa,  24  Cornwall- 
road,  Westbourne  Park,  London,  W. 

1868.  {Scott,  William.    Holbeck,  near  Leeds. 

1864.  {Scott,  William  Robaon,  Ph.D.    St  Leonards,  Exeter. 

1866.  IScouffaU,  James. 

1864.  {Scrivenor,  Harry.    Ramsay,  Isle  of  Man. 

1869.  tSeaton,  John  Love.    Hull. 

*Sedgwick,  Rev.  Adam,  M.A.,  LL.D.,  F.R.S.,  Hon.  M.R.I.A.,  F.G.S., 
F.R.A.S.,  F.R.G.S.,  Woodwardian  Professor  of  Geology  in  the 
University  of  Cambridge,  and  Canon  of  Norwich.    Trinity  Col- 
lege. Cambridge. 
1868.  {Sedgwick,  Rey.  James.    Scalby  Vicarage,  Scarborough. 
1861.  *Seeley,  Harry,  F.G.S.    Woodwardian  Museum,  Cambridge. 

Selby,  Prideaux  John,  F.L.S.,  F.G.S.      Twizel  House,  Belford, 
Northumberland. 
1856.  {Seligman.  H.  L.    136  Buchanan-street;  Glasgow. 

1860.  {Seller,  William,  M.D.    23  Nelson-street,  Edinburgh. 

•Selwyn,  Rev.  William,  M.  A.,  Prebendary  of  Ely.    Foxton,  Royston. 
1868.  "Senior,  George,  F.S.S.    Regent-street,  ftarnsley. 
Seymour,  George  Hicks.     Stonegate,  York. 

1861.  *Seymour,  Henry  D.,  M.P.    89  Upper  Grosvenor-street,  London,  W. 

Seymour,  John.     21  Bootham,  York. 

1863.  {Shackles,  G.  L.    6  Albion-street,  Hull. 
•Shaen,  William.    8  Bedford-row,  London. 

1846.  {Sharp,  James.    22  Oxford-street,  Southampton. 
Sharp,  Rev.  John,  B.A.    Horbury,  Wakefield. 
1861.  JSharp,  Samuel,  F.G.S.,  F.S.A.    Dallington  Hall, near  Northampton. 
•Sharp,  William,  M.D.,  F.R.S.,  F.G.S.    Horton  House,  Rugby. 
Sharp,  Rev.  William,  B.  A .    Mareham  Rectory,  near  Boston,  Lincoln- 
shire. 

1864.  XSharpe,  Robert,  M.D. 

Sharpey,  William,  M.D.,  LL.D.,  Sec,  R.S.,  F.R.S.E..  Professor  of 
Anatomy  in  University  College.     33  Woburn-plaoe,  London, 
W. 
1858.  #Shaw,  Bentley.    Woodfield  House,  Huddersfield. 
1864.  *Shaw,  Charles  Wright.    3  Windsor-terrace,  Douglas,  Isle  of  Man. 
1858.  tShaw,  Edtoard  W. 

18(55.  ;Shaw,  George.    Cannon-street,  Birmingham. 
1845.  {Shaw,  John,  M.D.,  F.L.S.,  F.G.S.    Boston,  Lincolnshire. 
1861.  *Shaw,  John.    City-road,  Hulme,  Manchester. 
1858.  {Shaw,  John  Hope.     Headingley,  Leeds. 
1853.  {Shaw,  Norton,  M.D.    St.  Croix,  West  Indies. 

Shepard,  John.    Nelson-square,  Bradford,  Yorkshire. 
1863.  {Shepherd,  A.  B.    7  South-square,  GraVs  Inn,  London,  W.C. 

Sheppard,  Rev.  Henry  W.,  B.A.    The  Parsonage,  Emaworth,  HanU 
•Sherrard,  David  Henry.    88  Upper  Dorset-street,  Dublin. 
1851.  {Sliewell,  John  T.     Rushmere,  Ipswich. 
1 866.  §Shilton,  Samuel  Richard  Parr.    Snenton  House,  Nottingham. 
1849.  JShorthouse,  Joseph.    Birmingham. 


LIST  OF  MEMBERS.  CI 

Tear  of 
Election. 

1846.  "Shortrede,  Colonel  Robert,  F.R.A.S.   The  Bo  wans,  Lee-road,  Black- 

heath.  S.E. 

1864.  §Showers,  Lieut-Colonel  Charles  L.     Cox's  Hotel,  Jermyn-street, 

London,  S.W. 
1842.    Shuttleworth,  John.    Wilton  Polygon,  Cheetham-hill,  Manchester. 
1866.  §Sibson,  Francis,  M.D.,  F.R.S.    40  Brook-street,  Grosvenor-square, 

London,  W. 
1861.  *Sidebotham,  Joseph.    19  George-street,  Manchester. 
1861.  *Sidebottom,  James.    Portland-street,  Manchester. 
1861.  'Sidebottom,  James,  jun.    Spring-honk  Mills,  Stockport. 

1857.  {Sidney,  Frederick  John.    19  Herbert-street,  Dublin. 

Sidney,  M.  J.  F.    Cowpen,  Newcastle-upon-tyne. 
1866.  §Siemens,  C.  William,  F.R.S.     8  Great  George-street,  Westminster, 
London. 
Sigmond,  George,  M.D.,  F.Sji. 

•Sillar,  Zechariah,  M.D.    Bath  House,  Laurie  Park,  Sydenham,  Lon- 
don, S. 

1859.  {Sim,  John.    Hardgate,  Aberdeen. 
1855.  {Sim,  William.    Furnace,  near  Inyerary. 

1861.  {Sim.W.D.    Ipswich. 

1865.  §Simkiss,  T.  M.    38  Waterloo-road  South,  Wolverhampton. 

1862.  fSimms,  James.    188  Fleet-street,  London,  E.C. 

1852.  {Simms,  William.    Albion-place,  Belfast. 

1847.  {Simon,  John.    King's  College,  London,  W.C. 

1866.  fSimons,  George.    The  Park,  Nottingham. 

1860.  X  Simpson,  Professor  James  Y. 

1869.  {Simpson,  John.    Marykirk,  Kincardineshire. 

1863.  §Simpson,  J.  B.,  F.G.S.    Hedgefield  House,  Blaydon-on-Tyne. 

1867.  {&m/MOM,  Max,  M.D. 

•Simpson,  Rev.  Samuel.    Douglas,  Isle  of  Man. 

Simpson,  Thomas.    Blake-street,  York. 

Simpson,  William.    Bradmore  House,  Hammersmith,  London,  W. 
1859.  {Sinclair,  Alexander.    133  George-street,  Edinburgh. 
1850.  {Sinclair,  Key.  William.    Leeds. 

1864.  *Sircar,  Baboo  Mohendro  Lall,  M.D.     1344  San  Kany,  Tollah-street, 

Calcutta,  per  Messrs.  Harrenden  &  Co.,  3  Chaple-place,  Poultry, 
London,  E.C. 
•SiiT,  Rev.  Joseph  D'Arcy,  D.D.,  M.R.I.A.    Castle-hill,  Winchester. 
Sisson,  William,  F.G.S.    Clifton,  Bristol 

1865.  $Sissons,W.    Saw  Mills,  Hull. 

1850.  {Skae,  David,  M.D.    Royal  Asylum,  Edinburgh. 
1850.  JSkane,  WiUiam  Forbes. 

1859.  ^Skinner,  James. 

1849.  t&aney,  E.  A.    Shropshire. 
1842.  'Slater,  William.    Princess-street,  Manchester. 
1653.  f  Sleddon,  Francis.    2  Kingston-terrace,  Hull. 
1849.  fSloper,  George  Edgar,  jun.    Devizes. 
1849.  {Sloper,  Samuel  W.    Devizes. 

1860.  fSloper,  S.  Elgar.    Wintexton,  near  Southampton. 

1858.  {Smeeton,  G.  H.    Commercial-street,  Leeds. 

1857.  {Smith,  Aquila,  M.D.,  M.R.I.A.    121  Lower  Bagot-street,  Dublin. 

Smith,  Archibald,  MA..  F.R.S.  L.  &  E.    River-bank,  Putney ;  and 
3  Stone-building,  Lincoln's  Inn,  London,  W.C. 

1860.  §Smith,  Brooke.    51  Frederick-street,  Edgbaston,  Birmingham. 

Smith,  Bev.  B.,  F.&A. 

1861.  •Smith,  Charles  Edward,  F.RAJS.    Fir  Vale,  near  Sheffield. 
1865.  {Smith,  David,  F.R.A.S.    4  Cherry-street,  Birmingham 

1853.  {Smith,  Edmund.    Ferriby,  near  Hull. 


(J2  LIST  OF  MEMBERS. 

Year  of 
Election. 

1869.  (Smith,  Edward,  MJX,  LL.B.,  F.R.S.  16  Queen  Anne-rtzeet,  Lon- 
don, W. 

1865.  {Smith,  Frederick.    The  Priory,  Dudley. 

1866.  *Smith,  F.  0.     Bramcote,  Nottingham. 

1865.  {Smith,  George.    Port  Dundas,  Glasgow. 

1866.  {Smith,  George  Cruickshank.    19  St.  Vincent-place,  Glasgow. 
•Smith,  Rev.  George  Sidney,  D.D.,  M.R.LA.,  Professor  of  Biblical 

Greek  in  the  University  of  Dublin.    Aughalurcher,  Frre-mile- 
Town,  Co.  Tyrone. 
1859.  {Smith,  G.  Campbell.    Banff. 

1859.  {Smith,  Henry  A.    6  East  Craibstone-street,  Aberdeen. 

•Smith,  Henry  John  Stephen,  M.A.,  F.R.S.,  Savilian  Professor  of 
Geometry  in  the  University  of  Oxford.    64  St.  Giles's,  Oxford. 

1860.  *Sinith,  Heywood.,  M.A.,  M.B.    25  Park-street,  Grosrenor-square, 

London,  W. 

1846.  %Smithf  Horatio,    Manchester. 

1865.  §Smith,  Isaac.    26  Lancaster-street,  Birmingham. 

1842.  •  Smith,  James.    Berkeley  House,  Seaforth,  near  IiverpooL 

Smith,  James,  F.R.S.  L.  &  E.,  F.G.S.,  F.R.G.S.    Athenaeum  Club, 
London,  S.W. ;  and  Jordan-hill,  Glasgow. 

1859.  X&mith,  James.     Gibraltar. 

1855.  {Smith,  James.    St.  Vincent-street,  Glasgow. 

•Smith,  John.    Shelbrook  House,  Aahby-de-la-Zouch. 
1850.  \Smith,  John,  M.D.    Edinburgh. 

1853.  {Smith,  John.    York  City  and  County  Bank,  Malton,  Yorkshire. 

1858.  •Smith,  John  Metcalf.  (Local  Treasurer.)    Bank,  Leeds. 

Smith,  John  Peter  George.    Liverpool. 
1864.  §  Smith,  John  S.    Sydney  Lodge,  Wimbledon,  Surrey. 
1852.  •Smith,  Rev.  Joseph  Denham.    Kingstown,  near  Dublin* 

1861.  {Smith,  Professor  J.,  M.D.    University  of  Sydney,  Australia. 

1845.  {Smith,  Rev.  J.  J.    Caius  College,  Cambridge. 

•Smith,    Rev.    Philip,    BA.    33    Upper   Bedford-place,    London, 
W.C. 

1860.  •Smith,  Protheroe,  M.D.    25  Park-street,  Grosvenor-square,  London, 

W. 
1837.    Smith,  Richard  Bryan.    Villa  Nova,  Shrewsbury. 

1847.  {Smith,  Robert  Angus,  Ph.D.,  F.R.S.,  F.C.S.    20  Grosvenor-square, 

Manchester. 
•Smith,  Robert  Mackay.    Belle vue-crescent,  Edinburgh. 

1866.  $Smith,  Samuel.    33  Compton-street,  Goswell-road,  London,  E.C. 

1859.  {Smith,  Thomas  James,  F.G.S.,  F.C.S.    Hessle,  near  Hull. 

1852.  {Smith,  William.    Eglinton  Engine  Works,  Glasgow. 

1857.  §Smith,  William,  C.E.,  F.G.S.  19  Salisbury-street,  AdelphL  London, 
W.C. 

1850.  •Smyth,  Charles  Piazri,  F.R.S.  L.  &  R,  F.R.A.S.,  Astronomer  Itoyal 
for  Scotland,  Professor  of  Practical  Astronomy  in  the  University 
of  Edinburgh.    1  Hillside-crescent,  Edinburgh. 

1846.  \Smythy  Rev.  George  Watson. 

1857.  *Smvth,  John,  jun.,  M.A.,  C.E.    Milltown,  Banbridge,  Ireland. 
1864.  {Smyth,  Wanngton  W.,M.A.,F.R.S.,Pres.  G.S.,Lecturer  on  Mining 
*  at  the  Government  School  of  Mines,  and  Inspector  of  the  Mineral 
Property  of  the  Crown.    27  Victoria-street,  London,  S.W. 

1854.  {Smvthe,  Lieut.-CoL  W.  J.,  RA.    Woolwich. 

Soden,  John.    Athenaeum  Club,  Pall  Mall,  London,  S.W. 

1853.  {Sollitt,  J.  D.,  Head  Master  of  Grammar  School,  Hull 

•Solly,  Edward,  F.R.S.,  F.S.A.    Holme  Court,  Isleworth,  Middlesex. 
•Solly,  Samuel   Reynolds,   MA.,   F.R.S.      10   Manchester-square, 
London. 


LIST  OF  MEMBERS.  Oil 


Year  of 
Election. 


•Sopwith,  Thomas,  M.A.,  F.R.S.,  F.G.S.,  F.R.G.S.     103  Victoria- 
street.  Westminster,  London. 
Sorbey,  Alfred.    The  Rookery,  Ashford,  Bakewell. 

1860.  #Sorby,  H.  Clifton,  F.R.S.,  F.G.S.    Broomfield,  Sheffield. 

1861.  JSorensen,  Le  Chevalier  B.    Norway. 
1865.  *Southall,  John  Tertius.    Leominster. 

1859.  JSouthall,  Norman.    44  Cannon-street  West,  London,  E.C. 

1856.  JSouthwood,  Rev.  T.  A.    Cheltenham  College. 

1863.  J  Sower  by,  John.    Shipcote  House,  Gateshead,  Durham. 
1863.  #Spark,  II.  King.    Greenbank,  Darlington. 
1859.  JSpence,  Rey.  James,  D.D.    6  Clapton-square,  London,  N.E. 
.    *Spence,  Joseph.    Pavement,  York. 

1854.  §Spence,  Peter.  Pendleton  Alum  Works,  Newton  Heath;  and  Smedley 

Hall,  near  Manchester. 

1845.  %Spence,  W.  B. 

1861.  §Spencer,  John  Frederick.  St.  Nicholas-buildings,  Newcastle-on-Tyne. 
1861.  •  Spencer,  Joseph.    27  Brown-street,  Manchester. 

1863.  m8peneer,  Thomas. 

1855.  JSpens,  William.    78  St.  Vincent-street,  Glasgow. 

1864.  *Spicer,  Henry,  jun.     22  Highbury-crescent ;  and  19  New  Bridge- 

street,  Blnckfriars,  London,  E.C. 
Spicer,  Thomas  Trevetham,  M.A.,  LLJ). 
1864.  §Spicer,  William  R.     19  New  Bridge-street,  Blackfriars,  London, 
E.C. 

1847.  'Spiers,  Richard  James,  F.S.A.     14  St.  Giles's-street,  Oxford. 

1864.  •Spiller,  Captain  John,  F.C.S.    Chemical  Department,  Royal  Arsenal, 
Woolwich. 

1846.  *Spottiswoode,  William,  M.A.,  V.P.R.S., F.R.A.S.,  F.R.G.S.  {General 

Treasurer.)    50  Grosvenor-place,  London,  S.W. 

1864.  *Spottiswoode,  W.  Hugh.    50  Grosvenor-place,  London,  S.W, 
1854.  'Sprague,  Thomas  Bond.    18  Lincoln's  Inn  fields,  London. 
1853.  ISpratt,  Joseph  James.     West  Parade,  Hull. 

Square,  Joseph  Elliot.    Plymouth. 
•Squire,  Lovell.    Falmouth. 
1859.  {Stables,  William  Alexander.    Cawdor  Castle. 

1857.  X Stack,  Thomas.    Dublin. 

1858.  #Stainton,  Henry  T.,  F.R.S.,  F.L.S.,  F.G.S.    Mountsfield,  Lewisham, 

Kent 
1851.  •Stainton,  James  Joseph,    F.L.S.,   F.C.S.     Howell,  near  Ripley, 

♦     Surrey. 

Stamforth,  Rev.  Thomas. 

Stanfeld,  Hamer.    Burley,  near  Otley. 
1858.  JStanfield,  Alfred  W.     Wakefield. 

1865.  §Stanford,  E.  C.  C.    1  Holyrood-creacent,  Glasgow. 

1866.  •Stanley,  The  Right  Hon.  Lord,  M.P.,  LL.D.,  F.K.S.,  F.R.G.S.  23  St 

James's-square,  London ;  and  Knowsley,  Liverpool. 
Stanley,  The  Very  Rev.  Arthur  Penrhyn,  D.D.,  F.R.S.,  Dean  of 

Westminster.    The  Deanery,  Westminster,  London. 
Stapleton,  II.  M.     1  Mountjoy-piace,  Dublin. 
1866.  §Starey,  Thomas  R.    Daybrook  House,  Nottingham. 
1850.  {Stark,  James,  M.D.,  F.R.S.E.    21  Rutland-street,  Edinburgh. . 
1863.  {Stark,  Richard  M.    Hull. 

1848.  {Statham,  Henry  Joseph.    27  Mortimer-street,  Cavendish-sq.,  London. 

Staveiev,  T.  K.    Ripon,  Yorkshire. 
1857.  JSteel,  AVilliam  Edward,  M.D.    15  Hatch-street,  Dublin. 
1863.  §Steele,  Rev.  Dr.    2  Bathwick-terrace,  Bath. 
1861.  JSteinthal,  II.  M.    Hollywood,  Fallowfield,  near  Manchester. 

Stenhouse,  John,  Ph.D.    17  Rodney-street,  Pentonville,  London,  N. 


64  LIST  OF  MEMBERS. 

Year  of 
SLeetioB. 

1863.  §Sterriker,  John-    Driffield. 

1861.  •Stem,  S.  J.    33  George-street,  Manchester. 

SStevelly,  John,  LL J).,  Professor  of  Natural  Philosophy  in  Queen's 
College,  Belfast 

1861.  •Stevens,  Henrv,  F.S.A.,  F.R.G.S.     4  Trafalgar-square,  London, 

W.C. 
1863.  $Stevenson,  Archibald    South  Shields. 
1850.  {Stevenson,  David-    8  Foith-etreet,  Edinburgh. 
Stevenson,  Rev.  Edward.  NLA. 

1863.  •Stevenson,  James  C.    South  Shields. 

1855.  Stewart,  Balfour,  M.A.,  LLD.,  F.R.3.,  Superintendent  of  the  Kew 

Observatory  of  the  British  Association.    Richmond.  Surrey. 

1864.  SStewart,  Charles,  F.L.S.     19  Princess  Square,  Plymouth. 

1856.  'Stewart,   Henry  Hutchinson,   M.D.,   ALRJJL     71  Ecclea-street, 

Dublin. 
1859.  (Stewart,  John.    Glasgow. 
Stewart,  Robert    Glasgow. 

1847.  (Stewart,  Robert,  M.D.    The  Asylum,  Belfast 
•Stirling,  Andrew.    Lower  Mosley-street,  Manchester. 

1865.  'Stock,  Joseph  S.    Cannon-etreetJ  Birmingham. 
1819.  (Stock,  T.  S.    Bourn  Brook  HalL 

1862.  (Stockil,  William.    5  Church  Meadows,  Sydenham. 

Stoddart,  George.     11  Russell-square,  London,  W.C. 
1864  $Stoddart,  Walter  William,  F.G.S.    9  North-street,  BristoL 
1854.  (Stoep,  Charles  (Consul).    6  Cook-street,  Liverpool. 

•Stokes.  George  Gabriel,  M.A.,  D.C.L,  Sec  R.S.,  Lucasian  Professor 
of  Mathematics  in  the  University  of  Cambridge.    Pembroke  Col- 
lege, Cambridge. 
1845.  (Stokes,  Rev.  William  H.,  M.  A.,  F.G.S.    Cambridge. 

1862.  (Stone,  E.  J.,  M.A.    Royal  Observatory,  Greenwich. 
1859.  (Stone,  Dr.  William  H.    13  Vigo-street,  London. 

1857.  (Stoney,  Bindon  B.,  MR.I.A.    89  Waterloo-road,  Dublin. 

1861.  #Stoney,  George  Johnstone,  M.A.,  M.D.,  F.R.S.,  M.R.LA.,  Secretary 

to  the  Queen's  University,  Ireland.    Dublin  Castle,  Dublin. 
1854.  (Store,  George.    Prospect  House,  Fairfield,  Liverpool. 
1859.  $Story,  James.    17  Bryanston-square,  London,  W. 

Stowe,  William.    Buckingham. 

Stowell,  Rev.  H.    Acton-square,  Salford,  Manchester. 

Strachan,  James  M.    The  Grove,  Teddington,  Middlesex. 
1859.  XStrachan,  Patrick. 

1863.  (Strachan,  T.  Y.    Lovaine-crescent,  Xewcastle-on-Tyne. 

1863.  (Straker,  John.    Wellington  House,  Durham. 
1850.  \Strange,  John,  LL.D.    Edinburgh. 

•Strickland,  Arthur.    Bridlington  Quay,  Yorkshire. 
•Strickland,  Charles.    Loughglvn,  BaUaghadereen,  Ireland. 
1845.  \8triekiand,  Henry  Eustatius. 

Strickland:,  J.  E.    French-park,  Roscommon,  Ireland. 
Strickland/William.    French-park.  Roscommon,  Ireland. 
1859.  tStronach.  William,  R.E.    Ardmellie,  Banff. 

1866.  •Strutt,  The  Hon.  Arthur.    Kingston  Hall,  near  Derby. 

1848.  (StruvS,  William  Price.    Picton-place,  Swansea, 

Stroud,  Rev.  Joseph,  M.A. 

Stuart,  Robert.    Manchester. 
1854.  (Stuart,  William.    1  Rumford-place,  Liverpool. 
1861.  \Stuart,  W.  D.    Philadelphia. 
1859.  \Stuart,  William  Henry. 
1866.  SStubbins,  Henry.    LincolnVInn,  London,  W.C. 

1864.  (Style,  Sir  Charles,  Bart.    102  New  Svdney-place,  Bath, 


LIST  OF  MEMBERS.  65 

Tear  of 


1857.  jSullivan,  William  K.,  Ph.D.,  M.R.I.A.    Museum  of  Irish  Industry ; 
and  63  Upper  Leeson-road,  Dublin. 
Sutherland,  Alexander  John,  M.D.,  F.R.S.,  F.G.S.    0  Richmond- 
terrace,  Westminster,  London. 
1863.  {Sutherland,  Benjamin  John.     10  Oxford-street,  Newcastle-on-Tyne. 

1862.  ^Sutherland,  George  Granville  William,  Duke  of,  KG.,  F.R.G.S. 

Stafford  House,  London. 

1865.  {Sutton,  Edwin.    44  Winchester-street,  Pimlico,  London,  S.W. 

1863.  SSutton,  Francis,  F.C.S.    Bank  Plain,  Norwich. 

1861.  *Swan,  Patrick  Don  S.    Kirkaldy,  N.B. 

1862.  *Swan,  William,  Professor  of  Natural  Philosophy  in  the  University  of 

St.  Andrews,  N.  B. 

1863.  JSwan,  William.    Walker,  Durham. 
1863.  tStvon,  William  Thomas. 

1862,  •Swann,  Rev.  S.  K.    Gedling,  near  Nottingham. 

StcanwickfJ.  W. 

SweetmanjWalter,  M.A.,M.R.L A.  4Mountjoy-9Ciuare  North,  Dublin. 

1863.  {Swindell,  J.  S.  E.    Summerhill,  Kingswinford,  Dudley. 

1863.  JSwinhoe,  Robert,  F.R.G.S.    Oriental  Club,  London,  W. 
1869.  JSykes,  Alfred.    Leeds. 

1847.  tSykes,  H.  P.    47  Albion-street,  Hyde  Park,  London,  W. 

1862.  jSykes,  Thomas.    Cleckheaton,  near  Leeds. 

•Sykes,  Colonel  William  Henry,  M.P.,  F.R.S.,  Hon.  M.R.I.A.,  F.G.S., 
F.R.G.S.    47  Albion-street,  Hyde  Park,  London,  W. 
1847.  JSykes,  W.  H.  F.    47  Albion-street,  Hyde  Park,  London. 

Sylvester,  James  Joseph,  M.A.,  LL.D.,  F.R.S.,  Professor  of  Mathe- 
matics in  the  Royal  Military  Academy,  Woolwich.    Woolwich  j 
and  Athenaeum  Club,  London,  S.W. 
I860,  JSyme,  James,  Professor  of  Clinical  Surgery  in  the  University  of  Edin- 
burgh.   The  College,  Edinburgh. 

1866.  •Symonds,  Frederick,  F.R.C.S.    Beaumont-street,  Oxford. 

1869.  JSvmonds,  Captain  Thomas  Edward,  R.N.    10  Adam-street,  Adelphi, 
London,  W.C. 

1860.  tSymonds,Rev.W".S.,M.A.,F.G.S.  Pendock  Rectorv, Worcestershire. 
1859.  SSymons,  G.  J.     136  Caraden-road,  London,  W.N.  * 

1865.  #Symons,  William,  F.C.S.     17  St.  Mark's-crescent,  Regent's  Park, 

London. 
Synge,  Rev.  Alexander.    St.  Peter's,  Ipswich. 
Synge,  Francis.    Glanmore,  Ashford,  Co.  Wicklow. 
Synge,  John  Hatch.    Glanmore,  Ashford,  Co.  Wicklow. 

1866.  STailyour,  Colonel  Rennv,  R.E.    Newmanswalls,  Montrose,  N.  B. 
§Talbot,  William  Hawkshead.    Southport,  Lancashire. 

Talbot,  William  Henry  Fox,  M.A.,  LL.D.,  F.R.S.,  F.L.S.    Lacock 
Abbey,  near  Chippenham. 
1866.  STarbottom,  Marrott  Ogle,  M.I.C.E.    Newstead-grove,  Nottingham. 
Taprell,  William.    7  Westbourne-crescent,  Hyde  Park,  London,  W. 

1861.  #Tarratt,  Henry  W.    Bushburv  Lodge,  Leamington. 

1866.  tTartt,  William  Macdonald,  F.S.S.    Sandford-place,  Cheltenham. 

1864.  JTasker,  Rev.  J.  C.  W.     1  Upper  Lansdown-villas,  Bath. 
1857.  #Tate,  Alexander.    20  Queen-street,  Belfast 

1863.  JTate,  John.    Alnmouth,  near  Alnwick,  Northumberland. 

1865.  JTate,  Thomas.    Ore,  Hastings. 
1854.  %Tatef  Lieid.-Colovel. 

185&  #Tatham,  George,    Ixjeds. 

1864.  #Tawney,  Edward.    5  Victoria-square,  Clifton,  Bristol. 

•Tayler,  Rev.  John  James,  B.A.,  Principal  and  Professor  of  Ecclesi- 
astical History  in  Manchester  New  College,  London.  22  Wo- 
burn-square,  London,  W.C. 

7 


66  LIST  OF  MEMBERS. 

Yew  of 

Election. 

Taylor,  Frederick.    Messrs.  Taylor,  Potter  &  Co.,  Liverpool. 
1854.  {Taylor,  Dr.  H.  R.     1  Percy-street,  Liverpool. 
•Taylor,  James.    Culverlands,  near  Reading. 

•Taylor,  John,  F.G.S.    6  Queen-street-plaee,  Upper  Thames-street, 
London,  E.C. 
1861.  *Taylor,  John,  jun.  6  Qaeen-street-place,  Upper  Thames-st.,  London. 
186U  \Taylor,John. 

1863.  JTaylor,  John.     Earsden,  Newcastle-on-Tyne. 
1863.  JTaylor,  John.    Lovaine-place,  Newcastle-on-Tyne. 
1865.  JTaylor,  Joseph.    99  Constitution-hill,  Birmingham. 
•Taylor,  Vice- Admiral  J.  N.,  C.B. 
Taylor,  Captain  P.  MeadowB,  in  the  Service  of  His  Highness  the 

Nizam.    Harold  Cross,  Dublin. 
•Taylor,  Richard,  F.G.S.    6  Queen-street-place,  Upper  Thames-street, 

London,  EC. 
Taylor,  Rev.  William,  F.R.S.,  F.R.A.S.    Thomloe,  Worcester. 
•Taylor,  William  Edward.    Millfield  House,  Enfield,  near  Accrington. 
1858.  JTeale,  Joseph.    Leeds. 

Teale,  Thomas  Pridgin,  F.R.S.,  F.L.S.    28  Albion-street,  Leeds. 

1858.  JTeale,  Thomas  Pridgin,  jun.    20  Park-raw,  Leeds. 

Teather,  John.    Alstonley,  Cumberland. 

1865.  •Templeton,  James.    Mansion-house  School,  St  David's,  Exeter. 

Tennant,  Charles.    Glasgow. 
1863.  JTennant,  Henry.    Saltwell,  Newcastle-on-Tyne. 

•Tennant,  James,  F.G.S.,F.R.G.S.,  Professor  of  Mineralogy  and  Geo- 
logy in  King's  College,  London.     149  Strand,  London,  W.C. 
Tennent,  R.  J.    Belfast. 

1857.  JTennison,  Edward  King.    Kildare-street  Club  House,  Dublin. 
1840.  JTeschemacher,  E.  F.    Highbury-park  North,  London,  N. 

1866.  jThackeray,  J.  L.    Arno  Vale,  Nottingham. 

1859.  jThain,  Rev.  Alexander.    New  Machar,  Aberdeen. 

1848.  JThirlwall,  The  Right  Rev.  Connop,  D.D.    Abergwili,  Carmarthen. 
1856.  jThodey,  Rev.  S.     Rodborough,  Gloucestershire. 

Thorn,  Rev.  David,  D.D.,Ph.D. 

Thorn,  John.    Messrs.   M°Naughton  &  Co.,  Moseley-etreet,  Man- 
chester. 

Thomas,  George.    Brislington,  Bristol. 
1848.  •Thomas,  George  John,  M.A. 
1854.  J  Thompson,  Benjamin  James. 
1854.  \nompson,  D.  P.,  M.D. 

1854.  {Thompson,  Edmund.     Claugh ton  Park,  Birkenhead. 
1863.  JThompson,  Rev.  Francis.    St.  Giles's,  Durham, 

1858.  •Thompson,  Frederick.    South  Parade,  Wakefield. 

1859.  {Thompson,  George,  jun.    Pidsmedden,  Aberdeen. 

Thompson,  Harry  Stephen.    Kirbv  Hall,  Great  Ouseburn,  Yorkshire. 

Thompson,  Henry  Stafford.    Fairfield,  near  York. 
1845.  JThompson,  James.    Kirk  Houses,  Brampton,  Cumberland. 
1861.  •Thompson,  Joseph.    Woodlands,  Wilmslow,  near  Manchester. 
1864  {Thompson,  Rev.  Joseph  Hesselgrave,B. A.  Oradley,  near  Brierley-hfll. 

Thompson,  I^eonard.    Sherift-Hutton  Park,  Yorkshire. 
1853.  JThompson,  Thomas  (Austrian  Consul).    HulL 

Thompson,  Thomas  (Town  Clerk).    Hull. 
1863.  JThompson,  William.    11  North-terrace,  Newcastle-on-Tyne. 
1850.  JThomson,  Alexander.    Banchory  House,  by  Aberdeen. 

1855.  JThomson,  Allen,  M.D.,  Professor  of  Anatomy.     The  University, 

Glasgow. 
•Thomson,  Corden,  M.D.    Sheffield. 
1652.  JThomson,  Gordon  A.     Bedeque  House,  Belfast. 


LIST  OF  MEMBERS.  67 

Year  of 
Election. 

Thomson,  Guy.    Oxford. 
1850.  {Thomson,  James.    Kendal. 
1845.  XMonuon,  Prof .  James,  LL J). 

1855.  {Thomson,  James.    82  West  Nile-street,  Glasgow. 

1850.  •Thomson,  Professor  James,  M.  A.,  C.E.     2  Donegal-squaw  Weal, 
Belfast. 
•Thomson,  James  Gibson.    Edinburgh. 

1863.  {Thomson,  M.    8  Meadow-place,  Edinburgh, 

1865.  SThomson,  R.  W.,  C.E.,  F.R.S.E.    Edinburgh. 

Thomson,  Thomas. 
1850.  {Thomson,  Thomas,  M.D.,  F.R.S.,  Superintendent  of  the  Botanic 

Garden,  Calcutta.    Hope  House,  Kew,  London. 
1847.  'Thomson,  William,  M.A.,  LL.D.,  D.C.L.,  F.R.S.  L.  &  E.,  Professor  of 

Natural  Philosophy  in  the   University  of  Glasgow.    (Looal 

Treasurer.)    The  College,  Glasgow. 
1850.  \Tkomson,  WilUam  Hamilton. 
1850.  {Thomson,  Wyville  T.  C..  LL.D.,  F.G.8.,  Professor  of  Geology  in 

Queen's  College,  Belfast 
1854  IThorburn,  William,  M.D. 
1852.  {Thorburn,  Rev.  William  Reid,  M.A.    Starkies,  Bury,  Lancashire. 

1866.  SThornton,  James.    Edwalton,  Nottingham. 
•Thornton,  Samuel.    The  Elms,  Camp-hill,  Birmingham. 

1865.  •Thornley,  S.    Sparkbrook.  Birmingham. 

1845.  {Thorp,  Dr.  Disney.    Suffolk  Laun,  Cheltenham. 

•Thorp,  The  Venerable  Thomas,  B.D.,  F.G.S.,  Archdeacon  of  Bristol. 
Kemerton,  near  Tewkesbury. 

1864.  fThorp,  William,  iun.,  F.C.S.    401  Kingsknd-road,  London,  N.E. 

Thurnam,  John,  M.D.    Devises. 

1856.  {Tibbs,  Somerset    58  Regent-street,  Cheltenham. 

1865.  §Timmins,  Samuel.    Elvetham-road,  Edgbaston,  Birmingham. 

Tinker,  Ebenezer.    Mealhill,  near  Huddenfield. 
•Tinne\  John  A.,  F.R.G.&    Briarly  Aigburth,  Liverpool 

1846.  {  Tipper ,  S. 

Tite,  William,  M.P.,  F.R.S.,  F.G.S.,  F.8.A.    42  Lowndes-square, 

London,  8.W. 
Tobin,  Rev.  John.    Liscard,  Cheshire. 
1850.  {Tod,  James,  Sec.  Soc.  of  Arts.     Edinburgh. 

Todd,  Rev.  James  Henthorn,  D.D.,  M.R.I.A.      Trinity  CoUege, 
Dublin. 
1850.  {Todd,  Thomas.    Mary  Culter  House,  Aberdeen. 
1861.  •Todhunter,  Isaac,  M.A.,  F.R.S.    St  John's  College,  Cambridge. 
Todhunter,  J.    8  College  Green,  Dublin. 

1867.  {Tombe,  Rev.  H.  J.     BaJlyfree,  Ashford,  Co.  Wicklow. 
1856.  {Tomes,  Robert  Fisher.     Welford,  Stratford-on- Avon. 

1866.  §Tomlin,  J.  R.    Stoke  Field,  Newark. 

1864.  #Tomlinson,  Charles,  F.R.S.,  F.C.S.    King's  College,  London,  W.C. : 

and  Highgate,  London,  N. 
1863.  {Tone,  John  F.    Jesmond  Villas,  Newcaetle-on-Tyne. 

1865.  JTonks,  Edmund  B.  C.  L.   Packwood  Grange,  Knowle,  Warwickshire. 
1865.  §Tonks,  William.    4  Carpenter-road,  Edgbaston,  Birmingham. 
1865.  JTonks,  William  Henry.    4  Carpenter-road,  Edgbaston.  Birmingham. 
1861.  #Topham,  John,  A.I.C.E.  49  Shrubland  Grove  East,  Dalston,  Lon- 
don, N.E, 

1863.  {Torr,  F.  S.    38  Bedford-row,  London. 

186a  {Torrens,  R.  R.    2  Gloucester-place,  Hyde  Park,  London,  W. 

Torrie,  Thomas  Jameson.    Edinburgh. 
1850.  {Torry,  Very  Rev.  John,  Dean  of  St  Andrews.    Coupar  Angus,  N.B, 

Towgood,  Edward.    St  Neots,  Huntingdonshire. 

f2 


LIST  OF  MEMBERS. 


Year  of 
Election. 


Tomiend,  John. 

Townend,  Thomas. 

Totvnend,  T.  S. 
1800.  jTownsend,  John.     11  Burlington-street,  Bath. 
1867.  JTownsend,  Rev.  Richard,  M.A.    Trinity  College,  Dublin. 
1861.  §Townsend,  William.    Attleborough  Hall,  near  Nuneaton. 
1854.  J  Towson,  John  Thomas.    47  Upper  Parliament-street,  Liverpool ;  and 

Local  Marine  Board,  Liverpool. 
1869.  {Trail,  Rev.  Robert,  M.A.    Boyndie,  Banff. 
1869.  {Trail,  Samuel,  LL.D.,  D.D.    The  Manse,  Hanay,  Orkney. 

1860.  {Traill,  Professor,  M.D.    Edinburgh. 

Trovers,  Robert,  M.B. 
1886.  JTravers,  Wifflam.F.R.C.S.    1  Bath-place, Kensington, London,  W. 

1861.  {Travis.  W.  H.     Whitton,  near  Ipswich. 

1869.  jTrefusis,  The  Hon.  C,  M.P.    Heaton,  Devonshire. 

Tregelles,  Nathaniel.    Neath  Abbey,  Glamorganshire. 
Trench,  F.  A.    Newlands  House,  Clondalkin,  Ireland. 
•Trevelyan,  Arthur.    Wallington,  Newcastle-on-Tyne. 
Trevelvan,  Sir  WalterCalverlev,  Bart.,  MA.,  F.R.S.E.,  F.G.S.,  F.S.A., 
F.R.G.S.     Wallington,  Northumberland;    and  Nettlecombe, 
Somerset. 
1860.  §Tristram,Rev.H.B.,MA.,FJi.S.  Greatham  Hospital,  near  Stockton- 
on-Tees. 

1864.  {Truell,  Robert    Ballyhenry,  Ashfordj  Co.  Wicklow. 

Tuckett,  Francis.    Frenchay,  near  Bristol. 
J847.  *Tuckett,  Francis  Fox.    Frenchay,  near  Bristol. 

Tuckett,  Frederick.    4  Mortimer-street,  Cavendish-square,  London. 

Tuckett,  Henry.    Frenchay,  near  Bristol. 
1848.  %Tudor,  Edward  Seripp. 

Tuke,  J.  H.    Bank,  Hitchen. 

Tuke,  Samuel.    Lawrence-street,  York. 

1865.  §Turberville,  H.    Pilton,  Barnstaple. 

1864.  JTurnbull,  James,  M.D.    86  Rodney-street,  Liverpool. 

3866.  STurnbull,  John.    276  George-street,  Glasgow. 

1856.  tTurnbull,  Rev.  J.  C.    8  Bays-hill  Villas,  Cheltenham. 

*Turnbull,  Rev.  Thomas  Smith,  M.A.,  F.R.S.,  F.R.G.S.    Blofield, 
Norfolk. 
♦1861.  *Turner,  James  Aspinal.    Pendlebury,  near  Manchester. 

Turner,  Thomas,  M.D.    31  Curzon-street,  May  Fair,  London.  W. 

1863.  STurner,  William,  M.B.,  F.R.S.E.    The  University,  Edinburgh. 

1864.  §Tuton,  Edward  S.    Holy  Bank,  Laurel-road,  Fairfield,  Liverpool. 
1842.    Twamley,  Charles,  F.G.S.  6  Queen's-road,  Gloucester  Gate,  Regent's 

Park,  London. 
1869.  \ Twining,  H.  R.    Grove  Lodge,  Clapham,  London. 
1847.  {Twining,  Richard.    13  Bedford-place,  Russell-square. 
1847.  JTwiss,  Travers,  D.C.L.,  F.R.S.,  F.R.G.S.,  Regius  Professor  of  Civil 

Law  in  the  University  of  Oxford,  and  Chancellor  of  the  Diocese 

of  London.    19  Park-lane,  London. 
1846.  JTylor,  Alfred,  F.G.S.,  F.L.S.    Warwick-lane,  London. 

1866.  STylor,  Edward  Burnett.    London,  Wellington,  Somerset* 

1858.  *l>dall,  John,  LL.D.,  Ph.D.,  F.R.S.,  F.C.P.S.,  Professor  of  Natural 
Philosophy  in  the  Royal  Institution  and  Royal  School  of  Mines. 
Royal  Institution,  Albemarle-street,  London,  W# 
Tyrrell/ John.    Exeter. 

1861.  *Tysoe,  John.    Sedgley-road,  Pendleton,  near  Manchester. 

Upton,  Rev.  James  Samuel,  M.A.,  F.G.S. 
1855.  JUre,  John.    114  Montrose-street,  Glasgow* 


LIST  OF  MEMBERS.  69 

Year  of 

Election. 

1859.  JUrquhart,  Rev.  Alexander.    Tarbat,  Ross-shire. 

1859.  JUrquhart,  W.  Pollard.    Craigston  Castle,  N.B. ;  and  Castlepollard, 

Ireland. 
1866.  §Urquhart,  William  W.    Nursery  Ilouse,  Dundee. 

•Vallack,  Rev.  Beni.  W.  S.    St.  Budeaux,  near  Plymouth. 
1854.  J  Vale,  James  Theodorick.    Hamilton-square,  Birkenhead. 

•Vance,  Rev.  Robert.     16  Montpellier-hill,  Dublin. 
1863.  JVandoni,  le  Commandeur  Comte  de,  Charge  d' Affaires  de  S.  M. 
Tunisienne,  Geneva. 

1853.  S  Varley,  Cornelius.    337  Kentish  Town-road,  London,  N.W. 

1854.  1  Varley,  Cromwell  F. 

1865.  *Varley,  S.  Alfred.    66  Roman-road,  Holloway,  London,  N. 

1863.  JVauvert,  de  Mean  A.,  Vice-Consul  for  France.    Tynemouth. 

1849.  #Vaux,  Frederick.  Central  Telegraph  Office,  Adelaide,  South  Australia. 
Vavasour,  Sir  Henry  Mervun,  Bart. 
Veitch,  A.  J.,  MJ). 
Verney,  Sir  Harry,  Bart.    Ijower  Claydon,  Bucks. 

1866.  {Vernon,  Rev.  E.  H.  Harcourt.    Cotgrave  Rectory,  near  Nottingham. 

Vernon,  George  John,  Lord.  32  Curzon-street,  London  j  and  Sudbury 
Hall,  Derbyshire. 
1854.  •  Vernon,  George  V.,  F.R.A.S.    Piccadilly  Mills;  and  Old  Trafford, 

Manchester. 
1854.  #Vernon,  John.    High  Lee,  Woolton,  Liverpool. 
Veysie,  Rev.  Daniel,  B.D.    Daventrv. 

1864.  #Vicary,  WiUiam,  F.G.S.    The  Priory,  Colleston,  Exeter. 

1859.  %Vickers,  Thomas. 

1854.  •  Vignoles,  Charles,  C.E.,  F.R.S.,  M.R.I.A.,  F.R.A.S.   21  Duke-street, 

Wsetminster,  London, 
Visger,  Herman.    Frenchay,  Bristol. 
1856.  tVivian,  Rev.  Edward,  B. A.    Woodfield,  Torquay. 

*Vivian,  H.  Hussey,  M.P.,  F.G.S.    5  Upper  Belgrave-street,  London ; 
and  Singleton  House,  Swansea. 
1856.  JVoelcker,  J.  Ch.  Augustus,  Ph.D.,  F.C.S.  39  Argyll-road,  Ken- 
sington, London,  W. 
Voelker,  Professor  Charles.     Switzerland. 
Vye,  Nathaniel.    Ilfracombe,  Devon. 

1860.  J Waddingham,  John.    Guiting  Grange,  Winchcombe,  Gloucestershire. 
1859.  JWaddington,  John.    New  Dock  Works,  Leeds. 

1855.  •Waldegrave,  The  Hon.  Granville.    26  Portland-place,  London,  W. 
1863.  t  Walker,  Alfred  0.    City  of  Chester. 

1849.  §  Walker,  Charles  V.,  F.R.S.,  F.R.A.S.    Fernside  Villa,  Redhill,  near 
Reigate. 
Walker,  Sir  Edward  S.    Berry  Hill,  Mansfield. 
Walker,  Francis,  F.L.S.,  F.G.S.    Rectory  House,  The  Grove,  High- 
gate. 
Walker,  Frederick  John. 
1859.  J  Walker,  James.    16  Norfolk-crescent,  London,  W. 
1855.  J  Walker,  John.    1  Exchange-court,  Glasgow. 
1842.  •  Walker,  John.    Thornclifte,  Leamington. 
1855.  JWalker,  John  James,  M.A.    2  Trinity  College,  Dublin. 
•Walker,  Joseph  N.,  F.L.S.    Caldeston,  near  Liverpool. 
1866.  #Walker,  J.  F.    Sidney  College,  Cambridge. 
1866.  SWalker,  S.  D.    38  Hampden-street,  Nottingham. 

•Walker,  Thomas.     10  York-street,  Manchester. 
1866.  {Walker,  H.    Westwood,  Fifeshire. 

Walker,  William.    47  Northumberland-street,  Edinburgh. 


70  LIST  OF  MEMBERS. 

Year  of 
Election. 

Wall,  Rev.  R.  H.,  M.A.    6  Hume-street,  Dublin. 

1863.  {Wallace.  Alfred  R.,  F.R.G.S.  9  Mark's-creecent,  RegentVpark, 
London,  N.W. 

1859.  {Wallace,  William,  Ph.D.,  F.C.S.  Chemical  Laboratory,  3  Bath- 
street,  Glasgow. 

1856.  {Waller,  Augustus  V7  M.D.,  F.R.S.    Bruges. 
1857.-  {Waller,  Edward.    Lisenderry,  Aughnacloy,  Ireland. 

1862.  (Wallich,  George  Charles,  M.D.,  F.L.S.    11  Earls-terrace,  Kensington, 
London,  W. 
Wallinger,  Rev.  William.     Hastings. 
Walmeeley,  Sir  Joshua,  Knt.    Liverpool. 
Walmesley,  Joshua.    Lord-street,  Liverpool. 

1862.  §Walpole,  The  Right  Hon.  Spencer  Horatio,  M.A.,  D.C.L.,  M.P., 

F.R.S.     Ealing,  near  London. 

1857.  (Walsh,  Albert  Jasper.     89  Harcourt-street,  Dublin. 

Walsh,  John  (Prussian  Consul).    1  Sir  John's  Quay,  Dublin. 

1863.  (Walters,  Robert.     Eldon-square,  Newcastle-on-Tyne. 

Walton,  Thomas  Todd.    Clifton,  Bristol. 
1863.  SWanklyn,  James  Alfred,  F.R.S.E.,  F.C.8.      London   Institution, 
Finsburv-circus,  London,  E.C. 
Wansey,  William,  F.S.A.    Reform  Club,  Pall  MalL 
1867.  (Ward,  John  S.    Prospect-hill,  Lisburn,  Ireland. 
1847.  {Ward,  Nathaniel  Bagshaw,  F.R.S.,  F.L.S.    14  Clapham  Rise,  Loo- 
don,  S. 
Ward,  Rev.  Richard,  M.A.     12  Eaton-place,  London,  S.W. 

1863.  (Ward,  Robert    Dean-street,  Newcastle-on-Tyne. 
•Ward,  William  Svkes,  F.C.S.    Denison  Hall,  Leeds. 

Wardell,  William.    Chester. 

1858.  (Wardle,  Thomas.     Leek  Brook,  Leek,  Staffordshire. 
(Warington,  Robert,  F.R.S.,  F.C.S.,  Chemical  Operator  to  the  Society 

of  Apothecaries.    Apothecaries'  Hall,  London,  E.C. 
1865.  fWaring,  Dr.  E.  J.    28  George-street,  Hanover-square,  London,  W. 

1864.  *Warner,  Edwin.    Higham  Hall,  Woodford,  Essex. 
1856.  (Warner,  Thomas  H.  Lee.    Tiberton  Court,  Hereford. 

1865.  •Warren,  Edward  P.,  L.D.S.     13  Old-sauare,  Birmingham. 

Warwick,  William  Atkinson.    Wyddrington  House,  Cheltenham. 
1856.  (Washbourne,  Buchanan,  M.D.    Gloucester. 
1847.  (Waterhouse,  G.  R.    British  Museum.  London,  W.C. 

JWaterhouse,  John,  F.R.S.,  F.G.S.,  F.R.A.S.    Wellhead,  Hafi&x, 
Yorkshire. 
1854.  (Waterhouse  Nicholas.    6  Rake-lane,  Iiverpool. 

1854.  (Watkins,  James.     Bolton. 

1855.  J  Watson,  Ebeneaer.    16  Abercromby-place,  Glasgow. 
•Watson,  Henry  Hough,  F.C.S.    The  Folds,  Bolton-le-Moors. 

Watson,  Hewett  Cottrell,  F.L.S.    Thames  Ditton,  Surrey. 

Watson,  James.    Glasgow. 
1855.  (Watson,  James,  M.D.     152  St.  Vincent-street,  Glasgow. 
1803.  (Watson,  Joseph.    Bensham  Grove,  near  Gateehead-on-Tyne. 

1859.  f  Watson,  J.  Forbes.    India  Office,  London,  S.W. 

1863.  JWatson,  ft.  S.     101  Pilgrim-street,  Newcastle-on-Tyne. 
1858.  (Watson,  William.    Bilton  House,  Harrogate. 

WaUon,  WUUam  H. 
1855.  (Watt,  George.    West  Regent-street,  Glasgow. 
1861.  (Watts,  Sir  James.     Abney  Hall,  Cheadle,  near  Manchester. 
1846.  ? Watts,  John  King,  F.R.G.S.    St.  Ives,  Himtingdonshire. 
1858.  (Waud,  Major  E.    Manston  Hall,  near  Leeds. 

Waud,  Rev.  S.  W.,  M.A.,  F.R.A.S.,  F.C.P.S.      Rettenden, 
Wickford,  Essex. 


LIST  OF  MEMBERS.  71 

Tear  of 
Election, 

1862.  {Waugh,  Major-General  Sir  Andrew  Scott,  R.E.,  F.R.S.,  F.R.G.S., 
late  Surveyor-General  of  India,  and  Superintendent  of  the  Great 
Trigonometrical  Survey.     7  Petersham-terrace,  Queen's  Gate, 
London,  W. 
1859.  J  Waugh,  Edwin.    Sager-street,  Manchester. 

•Way,  J.  Thomas,  F.C.S.,  Professor  of  Chemistry,  Roval  Agricultural 

Society  of  England.    72  Victoria-street,  Westminster,  London. 
Webb,  Rev.  John,  M.A.,  F.S.A.    Hardwick  Parsonage,  Hay,  South 

Wales. 
•Webb,  Rev.  Thomas  William,  M. A.,  F.R. A.S.   Hardwick  Parsonage, 
Hay,  South  Wales. 

1868.  .*Webb,  W.  F.    Newstead  Abbey,  Nottingham. 
1856.  J  Webster,  James.    Hatherley  Court,  Cheltenham. 

1869.  J  Webster,  John.    42  King-street,  Aberdeen. 

1858.  J  Webster,  John.    Broomhall  Park ;  and  St.  James's-row,  Sheffield. 

1862.  J  Webster,  John  Henry,  M.D.     Northampton. 

1864.  {Webster,  John.    Sneinton,  Nottingham. 

Webster,  Thomas,  M.A.,  F.R.S.  2  Great  George-street,  Westminster, 
London. 

1853.  J  Weddell,  Thomas.    Scarborough. 

1845.  JWedgewood,  Hensleigh.      17  Cumberland-terrace,  Regent's  Park, 
London,  N.W. 

1854.  fWeightinan,  William  Henry.    Litherland,  Liverpool. 

1865.  {Welch,  Christopher,  M.A.     University  Club,  Pall  Mall  East,  London, 

S.W. 
1850.  \  Welsh,  John. 
1850.  JWemyss,  Alexander  Watson,  M.D.    St.  Andrews,  N.B. 

1850.  jWemyss,  Wrilliam.    6  Salisbury-road,  Edinburgh. 

Wentworth,  Frederick  W.  T.  Vernon.     VVentworth  Castle,  near 
Barnsley,  Yorkshire. 

1864.  *Were,  Anthony  Berwick.    Wigton,  Cumberland. 

1865.  {Wesley,  William  Henry.    31  Clayland-road,  Clapham,  London,  3. 
1853.  {West,  Alfred.    Holderness-road,  Hull. 

1858.  JWest,  F.  H.    Chapel  Allerton,  near  Leeds. 
1853.  {West,  Leonard.    Summergangs  Cottage,  Hull. 

1863.  \ West,  Stephen.    Hessle  Grange,  near  Hull. 

Westcott,  Jasper, 

1851.  {Western,  Thomas  Burch.    Tattingstone  House,  Ipswich. 
1851.  •Western,  Sir  T.  B..  Bart.,  M.P.    Felix  Hall,  Kelvedon,  Essex. 
1842.    Westhead,  Edward.    Chorlton-on-Medlock,  near  Manchester. 

West  head,  John.     Manchester. 
1842.  •Westhead,  Joshua  Proctor.    York  House,  Manchester. 
1851.  jWesthorpe,  Stirling.    Tower-street,  Ipswich. 

1857.  #Westley,  William.    24  Regent-street,  London,  S.W. 
1863.  {Westmacott,  Percy.    Whickham,  Gateshead,  Durham. 

1860.  {Weston,  James  Woods.    Seedley  House,  Pendleton,  Manchester. 

1858.  t  Weston,  William.    Birkenhead. 

1864  jWestropp,  W.  H.  S.,  F.R.G.S.I.      2  Idrone-terrace,   Blackrock, 

Dublin. 
1860.  JWestwood,  John  O.,  M.A.,  F.L.S.     Henley  House,  Summertown, 
Oxon. 
Wharton,  W.  L.,  M.A.    Dryburn,  Durham. 
1849.  JWhateley,  George.    Birmingham. 
1858.  iWheatJey,  E.  B.    Cote  Wall,  Merfield,  Yorkshire. 

Wheatstone,  Charles,  D.C.L.,  F.R.S..Hon.  M.R.I.A.,  Professor  of 
Experimental  Philosophy  in  King  s  College,  London.  19  Park- 
crescent,  Regent's  Park,  London,  N.W. 

1866.  {Wheatstone,  Charles  C.    19  Park-crescent,  Regent's  Park,  London. 


72  LIST  OF  MEMBERS. 

Year  of 

Election. 

1847.  $  Wheeler,  Edmund,  F.R.A.S.  48  Tollmgton-road,  Holloway,  London. 

1853.  JWhitaker,  Charles  J.  P.    Milton  Hill,  near  Hull 

1859.  •Whitaker,  William,  B.A.,  F.G.S.     Geological  Survey  Office,  28 

Jermyn-street,  London,  S.W. 
1806.  §White,  dharles,  F.R.G.S.    Barnesfield  House,  near  Dartford,  Kent 
1884.  §White,  Edmund.    New  Bond-street,  Bath. 
White,  John.    80  Wilson-street,  Glasgow. 
1859.  t  White,  John  Forbes.    16  Bon  Accord-square,  Aberdeen* 

1865.  §  White,  Joseph.    RegentVstreet,  Nottingham. 

1859.  | White,  Thomas  Henry.    Tandragee,  Ireland. 

1861.  J  Whitehead,  James,  M.D.    87  Mosley-street,  Manchester. 

1854.  J  Whitehead,  James  W.    15  Duke-street,  Edge-hill,  Liverpool. 

1858.  J  Whitehead,  J.  H.    Southsyde,  Saddleworth. 

1861.  #  Whitehead,  J.  B.     Oakley-terrace,  Rawtenstall,  Manchester. 
1861.  ^Whitehead,  Peter  Ormerod.    Belmont,  Rawtenstall,  Manchester. 

1855.  *  Whitehouse,  WUdman. 

Whitehotue,  William.    10  Queen-street,  Rhyl. 
•  Whiteside,  James,  M.  A.,  Lord  Chief  J  ustice  of  Ireland.    2  Mountjoy- 
square,  Dublin. 
1806.  §Whitfield,  Samuel.    Golden  Hillock,  Small  Heath,  Birmingham. 
1861.  JWhitford,  J.    Grecian-terrace,  Harrington,  Cumberland. 
1852.  JWhitla,  Valentine.    Beneden,  Belfast 

Whitley,  Rev.  Charles  Thomas,  M.A.,  F.R.A.S.,  Reader  in  Natural 
Philosophy  in  the  University  of  Durham.    Bedlington,  Morpeth. 
1805.  JWhittern,  James  Sibley.     Wyken  Colliery,  Coventry. 
1857.  #Whittv,    John    Irwine,    M.A.,   D.C.L./  LL.D.,   Civil    Engineer. 

Rfcketstown  Hall,  Carlow. 
1863.  *Whitwell,  Thomas.    Stockton-on-Tees. 

•Whitworth,  Joseph,  LL.D.,  F.R.S.     The  Firs,  Manchester;  and 
Stancliffe  Hall,  Derbyshire. 
1857.  fWiddup,  — .    Penzance;  and  Kilburn,  Co.  Wexford. 

1866.  J  Wiggin,  Henry.    Metchley  Grange,  Harbourne,  Birmingham. 

1863.  XWigham,  John.    Dublin. 
1852.  J  Wigham,  Robert.    Norwich. 

1854  t  Wight,  Robert^  M.D.,  F.R.S.,  F.L.S.    Grazeley  Lodge,  Reading. 

1860.  {Wilde,  Henry.    2  St.  Ann's-place,  Manchester. 

1852.  jWilde,  Sir  William  Robert,  M.D.,  M.R.I.A.      1   Merrion-square 
North,  Dublin. 
Wilderspin,  Samuel.     Wakefield. 
1855.  JWilkie,  John.    46  George-square,  Glasgow. 

1861.  •Wilkinson,  Eason,  M.D.    Greenheys,  Manchester. 
1857.  {Wilkinson,  George.    Monkstown,  Ireland. 

1859.  §  Wilkinson,  Robert.    Totteridge  Park,  Herts. 

Willan,  WUUam. 
•Willert,  Paul  Ferdinand.    Manchester. 
1859.  fWillet,  John,  C.E.     35  Albyn-place,  Aberdeen. 
•Williams,  Caleb,  M.D.    Micklecate,  York. 

Williams,  Charles  James  B.,  M.D.,  F.R.S.,  Professor  of  Medicine  in 
University  College,  London.    49  Upper  Brook-street,  Grosvenor- 
square,  London,  W. 
1861.  *Williams,  Charles  Theodore.B.A.    40  Upper  Brook-street,  London. 

1864.  *•  Williams,  Frederick  M.,  M.P.,  F.G.S.     Goonvrea,  Perranarworthal, 

Cornwall. 
1801.  *  Williams,  Harry  Samuel.   49  Upper  Brook-street,  Grosvenor-square, 

London,  W . 
1857.  J  Williams,  Rev.  James.    IJanfairinghornwy,  Holyhead. 
Williams,  Richard.     38  Dame-street,  Dublin. 
Williams,  Robert,  M.A,   Bridehead,  Dorset. 


LIST  OF  MEMBERS.  37 

Tear  of 
Election. 

1861.  {Williams,  R.  Price.    22  Ardwick  Green.  Manchester. 

Williams,  Walter.    St  Altai's  House,  Edgbaston,  Birmingham. 

1854.  \WMams,  William. 

•Williams,  William,    Highbury-crescent,  London,  N. 
1866.  {Williams,  William  M.    The  Celyn.Caergwele,  near  Wrexham. 
1850.  •Williamson,  Alexander  William,  Ph.D.,  F.R.S.,  F.C.S.,  Professor 
of  Chemistry,  and  of  Practical  Chemistry.  University  College, 
London.    12  Fellows-road,  Haveretock-hiil,  London,  N.W. 
1857.  { Williamson,  Benjamin.    Trinity  College,  Dublin. 
1863.  {Williamson,  John.    South  Shields. 

•Williamson,  Rev.  William,  B.D,     Batch  worth,  Welwyn,  Hert- 
fordshire. 
Williamson,  W.  C.    Manchester. 

Willis,  Rev.  Robert,  M.A.,  F.R.S.,  Jacksonian  Professor  of  Natural 
and  Experimental  Philosophy  in  the  University  of  Cambridge. 
23  York-terrace,  Regent's  Park,  London.  N.W. ;  and  Cambridge. 
1865.  #Willmott,  Henry.    Mona  House,  Handsworth,  Birmingham. 
1857.  IWillock,  Rev.  W.  N.,  D.D.    Cleenish,  Enniskillen,  Ireland. 
1859.  J Wills,  Alfred.    4  Harcourt-buildings,  Inner  Temple,  London,  RC. 
1865.  {Wills,  Arthur  W.    Edgbaston,  Birmingham. 
Wills,  W.  R.    Edgbaston,  Birmingham. 
'Wilson,  Alexander,  F.R.S.    34  Bryanston-square,  London,  W. 
1859.  S  Wilson,  Alexander  Stephen,  C.E.      North  fcinmundy,  Summerhill, 

by  Aberdeen. 
1850.  {Wilson,  Dr.  Daniel.    Toronto,  Upper  Canada. 
1863.  J  Wilson,  Frederic  R.    Alnwick,  Northumberland. 
1847.  •  Wilson,  F.    Leainington. 
1863.  §  Wilson,  George.    Hawick. 
1861.  { Wilson,  George  Daniel.    24  Ardwick  Green,  Manchester. 

1855.  {Wilson,  Hugh.    75  Glassford-street,  Glasgow. 

1847.  {Wilson,  James  Hewetson.    The  Grange,  Worth.  Sussex. 

1857.  1  Wilson,  James  Moncrieffi    9  College  Green,  Dublin. 

1858.  *  Wilson,  John.    Seacroft,  near  Leeds. 
•Wilson,  John.    Bootham,  York. 

1855.  •  Wilson,  John,  jun.    West  Hurlet,  near  Glasgow. 
1865.  SWilson,  J.  M.,  M.A.    Rugby. 

Wilson,  Professor  John,  RGf.S.,  F.R.S.R     Museum,  Jermyn-street, 
London,  S.W. 
1847.  #Wilson,  Rev.  Sumner.    Preston  Candover,  Micheldever  Station. 
•Wilson,  Thomas,  M.A.    Crimbles  House,  Leeds. 

1859.  t  Wilson,  Thomas.    Tunbridge  Wells. 

1863.  *  Wilson,  Thomas.    Shotley  Hall,  Gateshead,  Durham. 
1861.  {Wilson,  Thomas  Bright    24  Ardwick  Green,  Manchester. 

1847.  *Wilson,  William  Parkinson,  M.A.,  Professor  of  Pure  and  Applied 

Mathematics  in  the  University  of  Melbourne. 

1861.  {Wiltshire,  Rev.  Thomas,  M.A.,  F.G.S.,  F.R.A.S.   Rectory,  Bread- 
street-hill,  London,  E.C. 

1846.  {Winchester,  The  Marquis  of.    Amport  House,  Andover. 

186a  #Windley,  W.    Mapperley,  Nottingham. 

1855.  { WingaUyMajor  H.     Glasgow. 

*Winsor,  F.  A.    60  Lincoln's  Inn  Fields,  London,  Wr.C. 
1854.  1  Winter  Thomas. 
1863.  •Winwood,  Rev.  H.  H.,  M.  A.,  F.G.S.    4  Cavendish-crescent,  Bath. 

1848.  {Wise,  Rev.  Stainton,  M.D.     Banbury. 

1856.  i  Witts,  Rev.  E.  F.    Upper  Slaughter,  Cheltenham. 

'Wollaston,  Thomas  Vernon,  M.A.,  F.L.S.    Barnpark-terrace,  Teign- 
mouth. 
1850.  {Wood,  Alexander,  F.R.C.P.    Edinburgh. 


L>TOT 


^T .v*.  2^  i  £.  UU  F-.iS.     HotaB  Rectory,  Skcrborae, 


V  -.  ^  "V" 

!<3*   ~¥"  ^w  W7 liiaok     1l  «^-"-  J 

XS*  *  V  .oaJ.  )u..r  J. -am  UaaqLL  H  \.«  F.GjS.    StSkaote  Horn, 

Scarxr  ctl 
>5.\  ~*r  - .;  i.     iat-_~>  iLF  3  .<     Eotta,  Tl—palaaiil,  London,  31.  W. 

.^^.  **V  ndi.lL  .*. -J.     2  i  nmiiai  trjqsiw  - 

*"*"     -^v  r-rmrL     j    -"> •  ace^oer ^CTween^  Hjdft  Ifefc,  London  W. 

V  ..  v^  S*m;it^    4   "  genu  Bmi»imgs»  Anjttl  nil,  I«ondno,,  E>C 
I>;v.  *"^  %>^^icu  linnr*-  F  Jr  ;>„    ftigwn  Muuanaa,  f  nninn.  W.G. 

^V  -.'icv.  -    ^»".  F3LA.5.     L*w"3*  Sn*rex. 

W  >  u-v.  r.'iLa.    5c»Iev^RiLr*.  Mjn«n«n»r. 
^TT   -"V  *nirv.  irf^.  JL.  LLJX    Her  ¥ij»pfi  »  Dockyard,  PortHnaalk. 
;<^>.   ;\v  vilff.  rVrnBnfcSmEUJ«ii.    Soa^lToIlza^lanvXciraA. 
l^oJL   :  "F~  r-miK  *«  **► 

•W  r-n.tL  a^safL  33  rViIttw  i  iii,  Sc  J«k*  a  Woody  London,  S .  W. 
:*SJL  *W  Tsie^  ?  J.  an.    C^nsngton  plnw,  C£Aon,ftktoL 

LS*3w  *W  »i-^r&^u»»  5**t~  Alirwi  WIZiaa**  KV 

W  trti:n^n»  Axki&nui.     Wiuaekaxek.  Salop* 

W  jrcauDttuiu  Jam***.    Fhytwu  Arthnck,  7  ' 
1>42*  *^"  >rrh:ngron.  Iwb*i^     Ar-rwiek.  Manc&efltnr. 

W  jrauncwob.  *  t^iaflfc.     ffcxkkont  HaU,  Xortkwkn,  CMriflk 
ISxx  iWjniiv.  l^ms«  S.     IJO  \  m  iitmt»  LirervoaL 

Wr*T.'Jphn.    •?  >unvik-«n».  Pafl  MalL  London,  &W. 
IS37.  rW^-ic;  EdwarL    43  Dnw-rtreec  DuUia. 
1^1.  •Wrimfc  E.  Abbac    "■irrTr  TirV  FnfcnMi.  riiMfcfri 
lCNir.  §Wn^ac  £.  FwwtsL  AJtf .  \LD^  FXJ?^  MILIA^  Pro»>niot  of 
Zvoii^r,  ami  Duwctor  of*  the  Mwwtnv  Dubia  TTuiiefaitt.    10 

1SAV  f Wrirfit.  Or.  R     MapoerfeT.  XoctnottfnL 
l^"^  I  Wrr^tit,  H-ory.    Stk&ttdlloatf*,  London,  S.W. 

Wrihtu  J.  Robin^oiu  C  JL    11  Dukfr-etrcet,  We 
l^>a  tWriiriit.  X  Sw    It*  &m*T-«twi»t  Wort.  L 
'Wright.  Robert  Fnnei&     fiiirtoa  Bfewett, ; 
IS&x  5 Wrucbt,  Thamos.  F.&A.  14  Sntoey  irtwct.  BfampUm,  London,  S.W. 

Wriirht.  T.  G^  M.a    Wafcelield.  " 
IStfx  % Wrightwa,  Ftuku.  PhJX    Itt  Hoa*e,  EjagBorton. 

WrotteJey.  Jolm,TWRt.  Hon.  Laid,  M»A^  D.CJ^f  F^-8.tFJLA.S. 
Wrottesler  HalL  Wolrerfiampton. 
ISOC.  §Wj»tt.Jam««.T.G^     liedfod. 


VST  OF  MEMBERS.  7ft 

Year  of 
Election. 

Wyld,  James,  M.P.,  F.R.G.S.    Charing  Cross,  London,  W.C. 
1863.  •Wyley,  Andrew.    Drumadarragh,  Doagh,  Belfast 
1845.  X  WyUe,  John,  M.D.    Madras  Army. 

1862.  {Wynne,  Arthur  Beevor,  F.G.S.,  of  the  Geological  Survey  of  India. 
5  Well-street,  Jermyn-street,  London,  S.W. 

'Yarborough,  George  Cook.    Camp's  Mount,  Doncaster. 

1857.  tYates,  Edward. 
1865.  \Yates,  Edwin. 

1865.  {Yates,  Henry.    Emscote  Villa,  Aston  Manor,  Birmingham. 

Yates,  James.    Carr  House,  Rotherham,  Yorkshire. 

Yates,  James,  M.A.,  F.R.S.,  F.G.S.,  F.L.S.  Lauderdale  Hoose,High- 
gate,  London,  N. 
1845.  {Yates,  John  Aston.    53  Bryanston-squarejLondon,  W. 
1855.  {Yeats,  John,  LL.D.,  F.R.G.S.     Leicester  House,  Peckham,  London, 

•Yorke]  Colonel  Philip,  F.R.S.,  F.R.G.S.    89  Eaton-place,  Belgrave- 

square,  London,  S.W. 
Young,  James.    South  Shields. 
Young,  James.    Limefield,  West  Calden,  Midlothian. 
Young,  John.    Taunton,  Somersetshire. 

1858.  {Young,  John.    Hope  Villa,  Woodhouse-lane,  Leeds. 

Young,  Thomas.    North  Shields. 
Younge,  Robert,  F.L.S.    Greystones,  near  Sheffield. 
•Younge,  Robert,  M.D.    Greystones,  near  Sheffield. 
1865.  {Younghusband,  Major-Generai.    Ellom  House,  Charlton-road,  Chel- 
tenham. 

1854.  {Zwilchenburt,  Emanuel.    3  Romford-street,  Lirerpool. 


CORRESPONDING  MEMBERS. 


Year  of 


1867.  M.  Antoined'Abbadie. 

Louis  Agaasiz,  M.D.,  Ph.D.,  Professor  of  Natural  History.    Cambridge, 

1852.  M.  Babinet    Paris. 

1867.  Dr.  Barth. 

1866.  Captain  L  Belavenetz,  R.I.N.,  F.R.I.G.S.,  M.S.C.M.A.,  Superin- 
tendent of  tbe  Compass  Observatory,  Cronstadt,  Russia. 

1861.  Dr.  Bergsma,  Director  of  the  Magnetic  Survey  of  the  Indian  Archi- 
pelago.   Utrecht,  Holland. 

1857.  Professor  Dr.  T.  Bolzani.    Kasan,  Russia. 

1852.  Mr.  G.  P.  Bond.    Observatory,  Cambridge,  U.S. 

1846.  M.  Boutigny  (d'Evreux). 

1842.  Professor  ttraschman.    Moscow. 

1864.  Dr.  H.  D.  Buys-Ballot,  Superintendent  of  the  Royal  Meteorological 

Institute  of  the  Netherlands.    Utrecht,  Holland. 

1861.  Dr.  Carus.    Leipzig. 
1864  M.  Des  Cloizeaux.    Paris. 

1865.  Dr.  Ferdinand  Cohn.    Breslau,  Prussia. 

1866.  Geheimrath  von  Dechen.    Bonn. 

1862.  Wilhelm  Delfls,  Professor  of  Chemistry  in  the  University  of  Heidel- 


1845.  Heinrich  Dove,  Professor  of  Natural  Philosophy  in  the  University  of 

Berlin. 
Professor  Dumas.    Paris. 
Professor  Christian  Gottfried  Ehrenberg,  M.D.,  Secretary  of  the  Royal 

Academy,  Berlin. 

1846.  Dr.  Eisenlohr.    Carlsruhe,  Baden. 
1842.  Dr.  A.  Erman.    Berlin. 

1848.  Professor  Esmark.    Christiania. 
1861.  Professor  A.  Favre.    Geneva. 

1855.  M.  Le*on  Foucault    Paris. 

1856.  Professor  E.  Fremy.    Paris. 
1842.  M.  Frisiani.    Milan. 

1866.  Dr.  Gaudry,  Pros.  Geol.  Soc  of  France.    Paris. 

1861.  Dr.  Geinitz,  Professor  of  Mineralogy  and  Geology.    Dresden. 
1852.  Professor  Asa  Gray.    Cambridge,  U.S. 

1866.  Professor  Edward  Grube,  Ph.D. 

1862.  Dr.  D.  Bierens  de  Haan,  Member  of  the  Royal  Academy  of  Sciences, 

Amsterdam.    Leiden,  Holland. 
Professor  Henry.    Washington,  U.S. 
1864.  Professor  E.  HeTxsrt.    The  Sorbonne,  Paris. 

1861.  Dr.  Hochstetter.    Vienna. 
1848.  Dr.  Van  der  Hoeven.    Leyden. 
1842.  M.  Jacobi.    St  Petersburg. 

1867.  Janssen,  Dr.    Paris. 

1862.  Charles  Jessen,  Med.  et  Phil.  Dr.,  Professor  of  Botany  in  the  Univer- 

sity of  Greifswald,  and  Lecturer  of  Natural  History,  and  Librarian 
at  the  Royal  Agricultural  Academy,  Eldena,  Prussia. 


LIST  OF  MEMBERS.  77 

Year  of 


1866.  Dr.  Henry  Kiepert,  Professor  of  Geography.    Berlin. 
1862.  Aug.  Kekule*,  Professor  of  Chemistry.    Ghent,  Belgium. 

1861.  M.  Khanikof.    97  Rue  de  Lille,  Paris. 
1866.  Professor  A.  Kolliker.    Wurzburg,  Bavaria. 

1866.  Laurent-Guillaume  De  Koninck,  M.D.,  Professor  of  Chemistry  and 

Palaeontology  in  the  University  of  Liege,  Belgium. 

1846.  Dr.  A.  KupfTer.    St  Petersburg. 
Dr.  Lamont.    Munich. 

Baron  von  Liebig.    Munich. 

1862.  Professor  A.  Escher  yon  der  Linth.    Zurich,  Switzerland. 

1867.  Professor  Loomis.    New  York. 

1860.  Professor  Gustav  Magnus.    Berlin. 

1847.  Professor  Matteucci.    Pisa,  Tuscany. 
1862.  Professor  P.  Merian.    Bale,  Switzerland. 
1846.  Professor  yon  Middendorff.    St.  Petersburg. 

1848.  Dr.  J.  Milne-Edwards.    Paris. 
1866.  M.  l'Abte  Moigno.    Paris. 
1864.  Dr.  Arnold  Moritz.    Tiflis,  Russia. 

1866.  W.  Morren,  Professeur  de  Botanique  a  rUniversite*  de  Liege,  Belgium, 
186a  Chevalier  C.  Negri.    Florence,  Italy. 
1864.  Herr  Neumaver.    Munich. 

1848.  Professor  Nilsson.    Sweden. 

1866.  M.  E.  Peligot,  Memb.  de  I'Institut,  Paris. 

1861.  Professor  Benjamin  Pierce.    Cambridge,  U.S. 

1867.  Gustav  Plaar.    Strasburg,  France. 

1849.  Professor  Plucker.    Bonn,  Prussia. 

1862.  M.  Constant  Provost    Paris. 
M.  Quetelet.    Brussels. 

M.  De  la  Rive.    Geneva. 

1866.  Dr.  F.  Romer,  Professor  of  Geology.    Berlin. 

1860.  Professor  W.  B.  Rogers.    Boston/U.S. 

1867.  Herman  Schlagintweit.    Berlin. 
1867.  Robert  Schlagintweit.    Berlin. 

1861.  M.  Werner  Siemens.    Berlin. 
1849.  Dr.  Siljestrom.    Stockholm. 

1862.  J.  A.  de  Souza,  Professor  of  Physics  in  the  University  of  Coimbra, 

Portugal. 
1864.  Adolph  Steen,  Professor  of  Mathematics,  Copenhagen. 
1866.  Professor  Steenstrup.    Copenhagen. 
1846.  Dr.  Svanberg.    Stockholm. 
1862.  M.  Pierre  Tchihatchef. 
1864,  Dr.  Otto  Torell.    University  of  Lund,  Sweden. 
1864.  Professor  A.  Vambery.    Hungary. 
1861.  Professor  E.  Verdet.    Paris. 
1861.  M.  de  Verneuil,  Memb.  de  I'Institut,  Paris. 
1848.  M.  Le  Verrier.    Paris. 

Baron  Sartorius  von  Waltershausen.    Gottingen,  Hanover. 
1842.  Professor  Wartmann.    Geneva. 
1864.  Dr.  Frederick  Welwitsch.    Lisbon. 


Printed  by  Tatlor  and  Fbakcis,  Red  Lion  Court,  Fleet  Street 


X 


W^SSm 

f 

"^&                 ^>     ^\ 

k 

- 

^4^ 

4s* 

